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- Dynamic load bearing capacity: The rollers must be able to withstand the high

dynamic loads that are common in the steel and aluminium industry sectors.

- Cutting resistance: The rollers get in contact with sharp metal parts and cutting

blades during end-use. A high cutting resistance is needed to avoid pieces of

polyurethane getting cut out and contaminating the end-user’s production line.

- Adhesion: High bonding strengths are necessary to maintain adhesion between

the PU and substrates. If delamination occurs, this could lead to major costs and

equipment damage due to the stop in production to replace the roller.

As the metal strip production lines are enormous assemblies that run 24/7 at high output, 

LUC UK’s rollers also need to be highly durable, highly reliable and have good fatigue 

properties to avoid expensive downtimes. Such high-performance polyurethanes are 

achieved when using MOCA as a chain extender/curing agent. 

MOCA – a core ingredient in the manufacture of high-performance polyurethane 

MOCA is an excellent all-round chain extender with toluene diisocyanate (TDI) based 

prepolymer systems, which made it the chain extender of choice in the European cast 

polyurethane industry for decades. It is still the most widely used chain extender outside 

of the EEA and UK as there are no commercially available alternatives to the TDI/MOCA 

system that are both cost effective and have comparable performance. MOCA key 

advantages include: 

- Long pot-life: it allows the casting of large volumes (e.g. the rollers covered by

this use). Long pot-life results in less rejected products during manufacture (low

scrap rate). See end of Chapter 3.1.1 for additional information on pot-life.

- Robust and easy processing: The properties and the quality of the resulting

elastomer are not significantly affected by slight variations in raw material ratios.

MOCA also has an excellent solubility in a variety of prepolymers. Both contribute

to a low scrap rate.

- Technical performance: Tough and durable polyurethanes having excellent

mechanical and dynamic properties can easily be produced with the TDI/MOCA

system

- Economical: There are no commercially available alternatives to the TDI/MOCA

system that are both cost effective and have comparable performance.

- High sustainability: TDI/MOCA polyurethane is currently unequalled in terms of

sustainability. It is easy to process and has a long pot-life, which results in low

scrap rates. In addition, the processing temperatures to manufacture MOCA PU are

relatively low and the curing times are short (i.e. less time required in the curing

ovens). This limits the energy consumption of the production process. Furthermore,

TDI/MOCA PU products are known to have high durability, reliability and fatigue

properties thus, they need to be changed or recovered less often. As cast

polyurethane cannot be recycled, it is critical to limit the amount of wastes

generated and maximising the lifetime of products.

Overall, TDI/MOCA PU has a lower load on the environment than alternatives

currently available on the market due to being associated with low amounts of

waste and lower energy consumptions.





ANALYSIS OF ALTERNATIVES and SOCIO-ECONOMIC ANALYSIS 

Use number: 1  LUC (UK) Limited 

20 

o Some chain extenders need higher processing temperatures as they have

higher melting points compared to MOCA and/or they crystallise at lower

temperatures. This results into higher energy consumption.

- Higher scrap rate

o Some PU systems have shorter pot-life and/or they are complex to process.

Both increases the number of defects in PU, which leads to a higher rejection

of products (higher scrap rate).

End users have no motivations to change to non-MOCA based PU products 

For LUC UK’s customers (the end-users) are accustomed to TDI/MOCA-PU products. 

Changing to non-MOCA based PU products would require end-users to switch to relatively 

untested products for installations that have long service life and where any downtime for 

repair, maintenance or replacement will result in lost production time. Furthermore, the 

current non-MOCA based products are more expensive to produce while their performance 

may be lower at best, at worst, the non-MOCA based products do not work at all. As LUC 

UK’s customers have no driver to transfer to non-MOCA based products, there is a very 

real risk that customers prefer to stick with what they know and stay with TDI/MOCA-PU 

products. If LUC UK’s customers were in the same situation where they would also need 

to find alternatives, the situation would be easier in that the goal would be a common one. 

However, the current situation is that LUC UK’s customers are only concerned about price 

and performance. 

TDI/MOCA-PU products from outside of the UK distorts the market 

LUC UK’s customers can easily switch to non-UK moulders. As the finished PU products do 

not contain any MOCA, they are not affected by authorisation thus, non-UK moulders can 

continue freely to place their TDI/MOCA PU products on the UK market. LUC UK has to 

compete with these non-UK moulders, which puts them in a vulnerable position in that at 

any time, LUC UK’s customers may leave them for a non-UK moulder. Therefore, any non-

MOCA based products LUC UK manufacture must perform at least as well as their 

TDI/MOCA-counterparts. This also means that it is essentially impossible for LUC UK to 

reflect the substitution costs (estimated at 850-962 k GBP) or the higher production costs 

in the price of the non-MOCA based products. 

Note that, in the non-use scenario LUC Group would close LUC UK’s production and 

business. LUC Group would relocate LUC UK’s entire production to its facilities in the EU. 

Review period 

LUC Group has made extensive efforts to find a suitable replacement and substitute for 

MOCA in the manufacture of their PU products. LUC Group tested several dozens of non-

MOCA based curatives and polyurethane systems, including like-for-like diamine 

alternatives, chain extender blends and non-TDI polyurethane systems. 

LUC Group has an extensive knowledge of polyurethane chemistry. They have been using 

both MOCA-based and non-MOCA based PU systems for several decades (e.g. NDI systems 

since 1973 and PPDI systems since 1987). Thus, the characteristics, advantages and 

drawbacks of the PU systems currently available on the market are well-known to LUC 

Group. LUC Group has substituted MOCA wherever it was possible (e.g. PU products with 

lower technical requirements or where pot-life of the material was not problematic). 
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However, for the high-performance PU products, such as the rollers for the steel and 

aluminium industries, the alternatives were found to lack the required pot-lives, 

mechanical and dynamic properties. Therefore, the present authorisation application 

covers the products for which no suitable alternatives were found. 

LUC UK took several factors into account when deriving the review period requested in 

this application. These are the following: 

- LUC Group has tested several dozens of alternatives to MOCA since 2009 however,

none of the alternatives have been suitable to replace MOCA in the production of

high-performance polyurethanes for custom-made rollers covered by Use 1

- It is currently uncertain when a non-MOCA chain extender that can produce a high-

performance and high durability polyurethane material that fulfils all technical key

requirements would be available on the market.

- LUC UK is fully dependent on alternative providers to develop new chain

extenders/PU systems, thus it can easily take several years before a suitable

alternative is available.

- Even if an alternative was to become available, the successful substitution of MOCA

with another chain extender or polyurethane system will take many years. It is a

time-consuming process requiring extensive testing as well as verification trials at

end-user facilities.

- The established reputation of TDI/MOCA polyurethanes as high-quality material,

alongside the continued availability of TDI/MOCA PU products originating from

outside the UK make the task of finding a substitute to MOCA more complicated.

In order to remain competitive, LUC UK would either need to provide an alternative

PU product performing as well as their MOCA counterparts for the same price or a

better performing product for a higher price.

- The most likely non-use scenario is to close the business in the UK and relocate the

TDI/MOCA manufacture in LUC Group’s facilities in the EU (where their use is

authorised).

- The monetised benefits of the continued use of MOCA for Use 1 are 0.19 M GBP per

year.

- The monetised risks of the continued use of MOCA for Use 1 are 0.000012 M GBP

per year.

- The benefits outweigh the risks over 15,000 times.

Taking into account these factors, LUC UK selected a long review period of 12 years. LUC 

Group has developed an R&D plan consisting of five phases, which are discussed in further 

details in Chapter 4.1.3. 
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MOCA use in the manufacture of cast polyurethanes as intermediate use as per 

Article 3(15) of the REACH Regulation 

LUC Group considers that its use of MOCA in the manufacture of polyurethane as described 

in this application fulfils the definition of intermediate use as per Article 3(15) as clarified 

in the ruling of the 2017 European Court of Justice ruling in case C-650/15 P. However, as 

it is not yet clear to LUC Group how to demonstrate this to the relevant authorities in the 

UK, it is submitting this application as a contingency measure.  

When MOCA was proposed for inclusion on the candidate list, it was stated in the Annex 

XV dossier2 that MOCA use in the manufacture of polyurethanes was not an intermediate 

use based on a definition of intermediates given in the ECHA Guidance from 2010.3  

Specifically 

According to the guidance on intermediates (ECHA 2010) document a substance should not 

be regarded as intermediate as soon as the main aim of the chemical process is not to 

manufacture another substance, but rather to achieve another function, specific property, 

or a chemical reaction as an integrated part of producing articles (semi-finished or finished). 

In accordance with this statement, the end use described above and the use as curing agent 

described in section 2.2.1 cannot be regarded as use of MOCA as intermediate. Similarly, it 

appears not possible to consider the use of MOCA as a cross-linking agent as use of the 

substance as intermediate. 

Based on this understanding, an upstream application was submitted to cover downstream 

users of MOCA as a chain-extender/curing agent in the manufacture of polyurethanes.4 

LUC Group is a downstream user of MOCA covered by this upstream application under 

transitional arrangements. However, in October 2017 the European Court of Justice has 

ruled in Case C-650/15 P that ECHA in its 2010 definition on intermediates has added a 

condition that is not in the legal text.5 Specifically  

Article 3(15) of that regulation contains no additional criterion allowing a differentiation to 

be made according to whether that purpose was primary or secondary in nature or 

examination of whether or not the chemical process by which one substance is transformed 

into another is indistinguishable from the end use for which that substance is intended. 

In this ruling, the Court found that by failing to classify acrylamide, in the context of the 

process of transformation into polyacrylamide for grouting purposes, as an ‘intermediate’, 

the General Court, by adding a condition that is not laid down in Article 3(15) of the REACH 

regulation, misinterpreted that provision.  

2 The documents are available on the ECHA website at https://echa.europa.eu/fi/registry-of-svhc-intentions/-

/dislist/details/0b0236e180e49371  
3 ECHA Guidance on Intermediates, V.2, 2010, available at https://echa.europa.eu/guidance-

documents/guidance-on-reach  
4 Details of the application are available on the ECHA website at https://echa.europa.eu/applications-for-

authorisation-previous-consultations/-/substance-

rev/15329/term? viewsubstances WAR echarevsubstanceportlet SEARCH CRITERIA EC NUMBER=202-918-

9&_viewsubstances_WAR_echarevsubstanceportlet_DISS=true  
5 Judgment of the Court (First Chamber) of 25 October 2017, Polyelectrolyte Producers Group GEIE (PPG) and

SNF SAS v European Chemicals Agency, Case C-650/15,  available at 

http://curia.europa.eu/juris/document/document.jsf?text=&docid=195945&pageIndex=0&doclang=EN&mode=

lst&dir=&occ=first&part=1&cid=596449  
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Considering this ruling in the context of MOCA use in the manufacture of polyurethane, 

MOCA use also fulfils the definition of intermediate use and the statement to the contrary 

given in the Annex XV dossier is based on criteria that are not in the legal text. Following 

the rationale given in the court decision,5 three conditions need to be fulfilled for the use 

of a substance to be capable of being regarded as use of an intermediate. The first of those 

conditions concerns the intended purpose at the time of the manufacture and use of a 

substance as an intermediate, which consists of transforming that substance into another. 

The second condition concerns the technical means by which that processing takes place, 

namely a chemical process known as ‘synthesis’. The third condition restricts the scope of 

the definition of ‘intermediate’ to uses of a substance which remains confined to a 

controlled environment, which may be either the equipment within which synthesis takes 

place, or the site in which the manufacturing and synthesis takes place or to which that 

substance is transported, ‘site’ being defined in Article 3(16) of the REACH Regulation as 

a ‘single location’ in which infrastructure and facilities are installed.  

Applying these criteria to the use of MOCA in the manufacture of PU substances, it can be 

seen that as the intended use at the time of the manufacture and use of MOCA is to 

transform it into another substance, the first of these three conditions is satisfied. MOCA 

is used in the manufacture of another substance during which it is itself transformed into 

that other substance, namely polyurethane. The use of MOCA to manufacture 

polyurethane at LUC Group’s site also fulfils the other two criteria; namely that the reaction 

can be described as synthesis and is confined to a controlled environment.  

Consequently, LUC Group consider their use of MOCA to be intermediate use and that 

authorisation is not required for this use. The reasoning is given below.  

LUC Group has also considered the draft update of the ECHA guidance on intermediates 

that was made available in March 2022.6 The guidance update was initiated in light of the 

court ruling and gives the three conditions that must be fulfilled for a use to be considered 

“intermediate use”. 

Considering the 1st condition, the draft guidance states that this condition is fulfilled when 

the following conditions are met; 

• it can be demonstrated that the intermediate substance has been manufactured

and used with the intention to be transformed into another substance

• it can be demonstrated that the intermediate substance has been actually

transformed into another substance

• Information can be provided on the identify the other substance into which the

intermediate has been transformed

These conditions are fulfilled as MOCA is manufactured is manufactured and supplied to 

be used as a reactant in the manufacture of polyurethanes. MOCA is consumed in the 

reaction to yield a polymer substance, polyurethane. 

6 Draft presented at the 44th Meeting of Competent Authorities for REACH and CLP (CARACAL) 23 March 2022 

under agenda point 4.3 Open session on “Intermediates – ECHA revised guidance document and REACH 

revision” 
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Considering the 2nd condition, the draft guidance states it is fulfilled when the following 

conditions are met;   

• it can be demonstrated that the transformation of the intermediate substance into

another substance (link to condition 1) takes place in the context of a chemical

process and a specific equipment is used for this process;

• that chemical process is a ‘synthesis’ process;

• it can be demonstrated that, to avoid risks for human health and the environment,

the intermediate substance remains contained after its manufacturing throughout

the whole chemical process. The containment of the intermediate substance must

be ensured by technical means at the site (for an on-site isolated intermediate) or

during the transport/storage at the site where it is later used (for a transported

isolated intermediate).

These conditions are fulfilled as MOCA is used at an industrial site in dedicated equipment 

for the manufacture of polyurethanes. The process is synthesis whereby the reactants 

including MOCA are transformed to a polymer substance, polyurethane. MOCA is 

transported from the site of manufacture (in Suzhou, China) to the site of use in sealed 

drums. The drums are solely opened in a glove box and fed via a closed system to a casting 

machine.  

Considering the 3rd condition, the draft guidance states that this condition is fulfilled when 

the following conditions are met; 

• it can be demonstrated that the equipment or site where the chemical processing

takes place is a controlled environment ensuring the confinement of the

intermediate substance through technical means avoiding risks for human health

and the environment (link to condition 2) where transformation to another

substance takes place (link to condition 1);

• it can be demonstrated that in case the intermediate substance is removed from

the equipment during the chemical process, the intermediate substance remains

confined to a controlled environment through technical means avoiding risks for

human health and the environment (link to condition 2).

These conditions are fulfilled as MOCA is used at an industrial site in dedicated equipment 

where technical and organisation controls are in place to avoid risks to human health and 

the environment. For the automated polyurethane production process, MOCA is confined 

to the casting machine. For the semi-automated process, liquid MOCA is dispensed from 

the storage unit in the casting machine to a vessel, after which it is transferred to a closed 

reaction vessel where MOCA reacts with the other reactants under stirring to yield 

polyurethane. 

In conclusion, for the reasons outlined above MOCA use in the manufacture of 

polyurethanes as described in this application fulfil the criteria to be considered as 

intermediate use. As it is not yet clear how LUC Group would document its decision, it is 

submitting this application as a contingency measure.  
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2. AIMS AND SCOPE

2.1. Aims of the analysis 

LUC (UK) Limited (referred to as LUC UK from here on) is producing high-performance hot 

cast polyurethane elastomers using 2,2’-dichloro-4,4’-methylenediamine (“MOCA”), which 

is classified as carcinogen (Carc. 1B) under UK REACH. MOCA is not considered to be a 

threshold carcinogen and, therefore, the adequate control of risks arising from its use 

cannot be demonstrated in accordance with Annex I, section 6.4 of UK REACH, for the 

uses applied for. LUC UK is preparing this Application for Authorisation covering two uses 

to ensure continuity of their business and providing suitable polyurethane products to their 

current customer base, because LUC UK is vulnerable to their customer base switching to 

suppliers outside the UK. 

LUC UK is a downstream user of MOCA in the supply chain of Suzhou Xiangyuan New 

Materials Co., Ltd. (Suzhou) and their use of MOCA is currently covered by the application 

submitted under EU REACH by REACHLaw acting as only representative for Suzhou under 

Brexit transitional arrangements, as the Commission has not yet taken a decision on the 

application. LUC Group submitted a downstream user application to cover its use at 4 sites 

in the EEA on 20.05.2020 and the ECHA opinion on this application was issued to the 

Commission for decision making on 28.07.2021. Details of the application are available on 

the ECHA website. As this application was submitted before the end of the Brexit transition 

period, it included also use at the UK site. Since the 01.01.2021, the UK site is now under 

UK REACH and the application submitted under EU REACH is not relevant. LUC UK is 

submitting this application to cover use at the UK site.  

The aim of this combined Analysis of Alternatives (AoA) and Socio-economic Analysis 

(SEA) report is to: 1) demonstrate that no suitable alternative substances or technologies 

are implementable by LUC UK before the extended sunset date of 30th June 2022; and 2) 

to demonstrate that the socio-economic benefits of the continued use of MOCA outweigh 

the related risk to human health. 

In particular this document will provide: 

1. Details of the specific polyurethanes manufactured using MOCA

2. Details of the technical requirements of these products (custom-made rollers) used

in the steel and aluminium sectors

3. The rationale for why there are no suitable alternatives available at this time

4. The benefits from continued use exceed the monetised risks to workers significantly

5. A detailed description of LUC Group’s strategy for substituting MOCA

This Analysis of Alternatives (AoA) and Socio-economic Analysis (SEA) report has been 

prepared for LUC (UK) Limited as the applicant, addressing its use of MOCA in the UK. 
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Figure 3. LUC UK located in Wales 

2.4.2. Temporal scope 

LUC Group’s use of MOCA at the UK site are currently covered by an upstream application 

under transitional arrangements concerning the entry into force of UK REACH. The 

upstream application was submitted before the latest application date under EU REACH. 

The extended latest application date and sunset date for MOCA under UK REACH is 30th of 

June 2022. 

There are currently no suitable alternatives to MOCA for the manufacture of the high-

performance PU products covered by this use. Therefore, LUC Group will need to continue 

their R&D (research and development) efforts to identify a suitable alternative that result 

in PU products with equivalent proven performance that customers in these sectors trust 

in their harsh environment activities and installations. The temporal scope of 12 years is 

based on the review period requested in this application. 

The impact calculations assume a 12-year review period starting from 2022 and ending in 

2033. The assumption is solely for the calculations prepared in the socio-economic 

assessment and LUC UK is requesting 12 years starting from the sunset date according to 

the transitional arrangements (Article 127GA). 

More information about the length of the review period can be found in Chapter 4.7. 
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Hot cast polyurethanes represent one type of polyurethanes and they cover PU products 

manufactured using moulds and low-pressure casting process. The mould gives the shape 

to the PU product. The mould can be very small (e.g. a few centimetres in size) or very 

large (e.g. a few meters long). Moulds may be custom-made for custom-products or the 

same mould may be used for standard products. 

Hot cast polyurethanes are typically produced by first mixing all the starting materials 

together and then pouring the liquid mixture into moulds to set, after which the mixture 

is cured in an oven. During curing, the strength of the PU material develops allowing for 

the part to be demoulded (i.e. removed from the mould) without being damaged or 

distorted. At this point, the full properties of the PU material are not yet developed. To 

this end, a (post-)cure is still needed. The demoulded PU part will be returned to the oven 

for (post-)cure, where it will be kept from one day to several weeks for its full physical 

properties to develop. 

The hot cast PU industry has a wide array of options available when it comes to the 

synthesis of cast polyurethanes. As each combination of starting materials affects the 

properties of the final PU product, production processes are customised to produce PU 

products that meet specific material property requirements needed for the sectors where 

they are used. The starting materials and their ratios used in the reaction can be varied 

to tailor the mechanical, dynamic, chemical and thermal properties of the resulting 

polyurethane (soft vs. hard elastic material). Each piece may be custom-made to customer 

specifications for the performance they need. This results in PU products that have the 

highly specific material properties required for their use in diverse sectors.  

It should be noted that a finished polyurethane product (i.e. fully cured) is chemically inert 

and is not hazardous to human health or the environment. 

What are polyurethanes? 

Despite of their name, polyurethanes are not made of “urethane monomers” rather, they 

are produced by the exothermic reactions between chemicals known as polyols and 

diisocyanates (see Figure 5). Following this reaction, prepolymers containing urethane 

linkages (called carbamates in organic chemistry) are formed. 

Figure 5. Polyols and diisocyanates react together to form prepolymers containing urethane 

linkages 

The three reactant types: the polyol, the diisocyanate and the chain extender/curing agent 

are the main reactants used to manufacture polyurethanes. The polyol reacts with an 

excess of diisocyanate to form the prepolymer. These three reactants are described in 

more detail below. Other chemicals may be used in addition to the reactants mentioned 

above e.g. catalysts, pigments, flame retardants etc.  
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A. Prepolymer

Polyols: 

The main polyols used in the production of cast PU are either polyethers or polyesters 

(Figure 6). 

Figure 6. Top: polyether polyol. Bottom: polyester polyol 

Polyols form the soft segment of the polyurethane and the choice of polyol impacts the PU 

material properties. Polyether glycol-based PUs are preferred for their hydrolytic 

resistance and their flexibility whereas polyester based PUs are preferred for their 

strength, toughness and higher oil resistance.  

Both polyester and polyether polyols can be used in combination with MOCA to produce a 

diversity of PU products with very different final material properties. LUC UK uses both 

polyester and polyether based prepolymers in their TDI/MOCA PU products depending on 

the type of PU product to be produced.  

Diisocyanate: 

The majority of diisocyanates used in the hot cast PU industry are aromatic. Toluene 

diisocyanate (TDI), 4,4’-diphenylmethane diisocyanate (MDI) and 1,5-naphthalene 

diisocyanate (NDI) are the most important commercial aromatic diisocyanates (see Figure 

7). They can be ranked by their reactivity as follows: NDI > MDI > TDI. TDI is typically 

sold as either an 80:20 mixture of the 2,4- and 2,6-isomers or as 100 % 2,4-TDI.  

Figure 7. Structural formula of TDI (left: 2,4-TDI right: 2,6-TDI), MDI and NDI 

Less reactive diisocyanates allow for the manufacture of large-sized products as the 

viscosity of the mixture increases slowly enough to avoid layering and cracking when 

casting.  

MOCA is used almost exclusively with TDI-prepolymers. 
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B. Chain extender/curing agent reactant

The molecular weight of the prepolymers is not high enough to produce an elastic polymer 

thus the prepolymers need to be extended with so called “chain extenders”. The chain 

extenders increase the molecular weight of prepolymers by joining prepolymer chains to 

each other to produce high molecular weight polymeric chains. 

The chain extenders/curing agents (from here on referred to as chain extenders, curing 

agents or curatives) used in cast polyurethane elastomer production are either diols or 

diamines. The hydroxyl group (−OH) of the diols or the amino group (−NH2) of the diamines 

(e.g. as in MOCA (Figure 8)) reacts rapidly with the isocyanate functional group (−NCO), 

which terminate the prepolymer on both ends (Figure 5).  

The chain extender is typically selected based on the type of part to be produced (e.g. 

large, small, rollers, pads etc.) and the technical requirements set for the end-product 

(e.g. mechanical properties, dynamic properties, end-use etc.). Some chain extenders 

may work with certain prepolymer systems while others do not (e.g. they react too quickly 

or the mechanical properties are too low).  

NH2 NH2

Cl Cl

Figure 8. Molecular structure of MOCA, which is an aromatic diamine 

The reaction between MOCA and the prepolymer produces polymer chains of high 

molecular weight that possess high-performance elastomeric properties (Figure 9). As 

soon as one of MOCA’s two amino group has reacted with the prepolymer, the MOCA 

molecule is no longer existing but rather, a MOCA-prepolymer unit. The remaining amino 

group of MOCA will also react with another prepolymer. The reaction stops when all MOCA 

molecules have been consumed and both amino groups have reacted. MOCA is therefore 

fully (<0.1% free MOCA in final product) consumed in the reaction (see Table 3 and 

Appendix 1).  

The optimum MOCA to prepolymer ratio is 90-95 % of the theoretical, meaning there is 

an excess of prepolymer in comparison to MOCA. This ensures that no MOCA remains in 

the produced PUs. This practice is always in use at LUC UK also because the excess of NCO 

groups (from the prepolymer) compared to NH2 groups (from the curative) allows for the 

formation of cross-links in the PU. This gives rise to tougher PU material. 
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LUC UK uses TDI/MOCA as it is recognised to be a general purpose system that can be 

used to produce high-performance PU products with minimal investments in equipment 

and low amount of processing errors reducing the number of rejected parts (i.e. lower 

scrap rate). Furthermore, the energy consumption to produce PU products with TDI/MOCA 

is low due to the relatively short cure times. Due to this position as an industry standard, 

the performance and properties of other polyurethane systems are typically judged and 

compared to TDI/MOCA.  

Pot-life: 

Pot-life is a critical processing parameter for a PU system. It basically means how long you 

can work with the mixture before it thickens to the extent that it can no longer be poured. 

The thickening is due to the viscosity increase as MOCA reacts with the pre-polymer 

extending the chain length. If the mixture sets, then it is impossible to pour it evenly in 

the mould.  

In polyurethane manufacturing, pot-life starts as soon as the chain extender is added to 

the prepolymer ( 

Figure 10). After this, thorough mixing of the two components is required in order to obtain 

a homogeneous material and avoid mixing errors. Therefore, a portion of the pot-life is 

“lost” during mixing. The remainder of the pot-life after mixing must be sufficient to cast 

a product (i.e. fill the mould with an even mixture) and allow any entrapped air bubbles 

to reach the surface before the viscosity of the mixture increases too much. 

If the pot-life of a system is too short, the PU may set in layers which results in cracking 

and overall weaker part (these are fault-lines in the product). In addition, air bubbles may 

not have time to reach the surface and become entrapped in the material creating voids 

and therefore weakening the material. In some cases, pot-life can be so short that it is 

not possible to cast a product at all. 

TDI/MOCA has a long pot-life, which makes it suitable for casting PU in large moulds. 
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3.1.1.1. Cast PU production at LUC UK 

The polyurethane products at LUC UK are produced via a multistep process. The process 

differs based on the nature of the PU product: polyurethane on a substrate (S) (i.e. rollers, 

pads), polyurethane without a substrate (P) (i.e. spring blocks) and recovering product 

(R) (i.e. recoating of rollers) (Figure 11).

Figure 11. Production flowchart 

The different steps are described in more detail below. These steps generally apply to all 

MOCA cured high-performance products manufactured at LUC UK. However, each step will 

be adapted to produce a product that fulfils customer requirements.   

Receipt (for S and R): 

Products, such as rollers and tensioner pads, are manufactured such that the polyurethane 

is chemically bonded to a metal substrate. The production thus, starts with the delivery of 

the metal substrates to LUC UK’s facility. An operator inspects the received substrates 
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(e.g. plates for pads, cores for rollers) to ensure they are not damaged and disassembles 

bearings and other parts, if necessary.  

LUC UK offers services to cast polyurethane on new metal substrates, but also offers 

recovery services for damaged polyurethane products. LUC UK’s customers send their 

damaged polyurethane products to LUC UK’s facility where an operator inspects them upon 

reception to ensure they are fit for recovery. If necessary, bearings and other parts are 

disassembled by an operator.  

Stripping of old polyurethane (for R only): 

The operator uses a machine (i.e. lathe) to remove the old polyurethane from e.g. the 

roller core. Excessive dirt, grease and oil will also be removed during the process. 

Blast and degrease (for S and R): 

For polyurethane to bond successfully, it is important that the surface of the substrate is 

free from oil and dirt. The surface must also be roughened before the primer is applied. 

The operator starts by thoroughly cleaning the substrate using a washing cabinet. Then, 

the operator will shot-blast the substrate with the help of a machine to create minute 

cavities in the surface of the material. This process increases the surface area, which helps 

the primer attach to the substrate and makes the bond between the polyurethane and 

substrate stronger.  

Applying primer (for S and R): 

After shot-blasting, any dust present on the substrate is removed. The operator will then 

apply the primer (also called bonding agent) to the substrate. The primer will prevent 

oxidation of the metal surface and it allows the polyurethane to successfully bond to the 

substrate. 

Pre-heating (all): 

The operator pre-heats the mould in an oven to bring it to the same temperature as the 

PU processing temperature. A cold mould would cause the polyurethane to crystallise and 

set unevenly during casting, leading to cracks or to an overall weaker part. In case the 

product is casted on a substrate, the operator will at the same time pre-bake and pre-heat 

the substrate in an oven. The primer is activated by heat thus, this step is required for the 

primer to fully bond with the substrate and to become active for reaction with the 

polyurethane.  

Preparation of the polyurethane and casting (all): 

LUC UK manufactures TDI/MOCA PU products primarily in the automated casting 

production process (also known as “machine casting”. A small proportion is manufactured 

via a semi-automated process. The semi-automated process is used for small batch 

production.  

The ratio of semi-automated production and fully automated production is given in Table 

4.



#C #C
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3.1.1.2. LUC Group – manufacturer of custom-made polyurethane 

products 

At LUC Group, the development of a product is done in close collaboration with their 

customers, the end-users of the products. With their expertise in polyurethane processing, 

LUC Group designs the mould and customises the manufacturing process based on 

customer specifications (size, technical requirements, price, etc.). Test parts are produced 

and tested at customer’s facilities. Based on test results and customer feedback, LUC 

Group further optimises the process and part. The outcome is custom-made products that 

have the material properties needed for the customers sectors. 

3.1.1.3. LUC Group and MOCA-free PU systems – a long history 

LUC Group has long experience in the manufacture of polyurethane. Since the beginning, 

LUC Group has aimed to find the best possible polyurethane material for a specific product 

or end-use. For this reason, LUC Group has both MOCA based and non-MOCA based PU 

products in their product portfolio. Each PU systems have their strengths and drawbacks 

making them excellent solutions for some products but unsuitable for others. These 

characteristics are well-known to LUC Group as many non-MOCA PU systems have been 

in use at LUC Group for several decades (e.g. MDI systems since 1971, NDI systems since 

1973 and PPDI systems since 1987). 

3.1.2. Description of the functions of MOCA and performance 

requirements of associated products 

3.1.2.1. Description of the technical function provided by MOCA 

MOCA is a core ingredient in the manufacture of polyurethane. MOCA is an excellent all-

round chain extender with toluene diisocyanate (TDI) based prepolymer systems, which 

made it the chain extender of choice in the European cast polyurethane industry for 

decades. It is still the most widely used chain extender outside of the EEA. Due to concerns 

about its hazard profile, there have been efforts to use alternatives since the 1990’s. Since 

an entry for MOCA was included in Annex XIV, it can only be used where there are no 

suitable alternatives. As outlined earlier, LUC Group has been phasing out its use of MOCA 

where alternative curatives and/or PU systems can be used to obtain the PU material 

properties required by customers. This application is solely for the uses where there is no 

current suitable alternative that yield high-performance PU for customers with high 

reliability requirement in specific sectors. 

As the prepolymer chains react with MOCA, their length is increased, and they become 

entangled with each other. This high molecular weight polymer needs to be cured to bring 

the polymerisation to a completion and obtain a solid polyurethane with fully developed 

mechanical properties. During curing, an ordering of the chains takes place and zones of 

hard and soft segments are formed.  

The soft segments are composed of the polyol, which contributes to the flexibility of the 

final product. The diisocyanate and MOCA form together the hard segments of the 

elastomer. They provide the PU strength and rigidity and account for the “memory” of the 

material, allowing the part to return to its original shape after being stretched. PU 

elastomers that have zones with high concentration of hard segments have better all-

round mechanical properties. 
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The bound MOCA molecules contained in the PU elastomer contribute to the alignment of 

hard segments through intermolecular hydrogen bonding (Figure 12). The alignment 

reaches a maximum towards the end of the curing process producing a robust and durable 

material, which has outstanding mechanical, dynamic and chemical properties. 

Soft segmentsHard segments Hard segments

Figure 12. MOCA (hard segments) forms intermolecular H-bonds (in red) that facilitates the 

alignment of chains during curing 

3.1.2.2. Properties of MOCA 

The TDI/MOCA system yields polyurethanes with excellent material properties. The 

material properties can be tailored by the choice of the polyol used in the synthesis of the 

pre-polymers. MOCA PU elastomers are used in product supplied to a wide diversity of 

sectors (e.g. wheels, mining parts, oil and gas pipelining, rolls for papermaking and 

printing, golf balls, abrasives, marine applications, brushings, bearings, seals), which 

explains its extensive use in the cast polyurethane industry for the past several decades. 

Due to this proven track-record of successful use, TDI/ MOCA polyurethane products are 

recognised by customers as high-quality, high reliability and high-performance products. 

An overview of the key advantages of TDI/MOCA PU elastomers is given below: 

Reactivity: 

One of the major advantages of the TDI/MOCA system in processing is its long pot-

life. With a pot-life of up to 15 min, TDI/MOCA allows the casting of large volume 

products like rollers. As the viscosity of the material after the prepolymer and MOCA 

have been mixed remains low for a longer time, it is possible to thoroughly mix the 

reactants together and easily fill the moulds, even larger ones.  

In addition, the low viscosity allows for any air entrapped in the material to rise to 

the surface instead of forming air bubbles within the material, which would result 

in a weakened part. 

Robust and easy processing: 

Casting with the TDI/MOCA system is known to be a reliable, robust and simple 

process. The properties and the quality of the resulting elastomer are not 

significantly affected by slight variations in the chain extender to prepolymer ratios 

(% theory), which results in less rejected parts (low scrap rate).  

In addition, MOCA has an excellent solubility in a variety of prepolymers. This 

means MOCA will not easily crystallise when mixed with prepolymers ensuring a 

homogeneous material.  
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Technical performance: 

TDI/MOCA polyurethanes are known to be durable and have a long article service 

life under harsh end use conditions. This generally means the end users with high 

durability/reliability requirements select polyurethanes with a proven record of 

performance. TDI/MOCA polyurethanes have a proven track record and are the 

norm for durable cost effective polyurethanes.  

There are no commercially available alternatives to the TDI/MOCA system that are 

both cost effective and have comparable performance. 

Economical: 

There are no commercially available alternatives to the TDI/MOCA system that are 

both cost effective and have comparable performance. In a report published in 

December 2016, Chemtura (nowadays Lanxess) reported non-MOCA amine chain 

extenders to be 2.8-10.9 times more expensive than MOCA based on equivalent 

stoichiometric amount. For diols, the MOCA:BDO ratio was reported to be 1:0.3. 

In LUC UK’s opinion, the cost ratios are still representative of the current prices for 

chain extenders or even higher in certain cases such as Addolink® 1604 (a Lanxess 

product).  

Sustainability: 

TDI/MOCA high-performance PU parts typically have a high durability and 

reliability, which translates to less downtime for LUC UK’s customers. In addition, 

stripping and recovering are less frequently needed when using TDI/MOCA PU-

based parts than with other polyurethane systems. Less waste is therefore 

produced, which results in a lower load on the environment as PU elastomers 

cannot be recycled. 

MOCA-based systems have shorter curing times, which results in lower energy 

consumption and higher productivity. 

Proven track-record: 

TDI/MOCA high-performance PU products have decades of industrial use and are 

proven in industrial end use setting to be highly durable, reliable high quality 

products. They benefit from a strong customer confidence, which results from 

decades of successful use of TDI/MOCA PU products. This makes the customers 

wary of changing to products cured with alternative chain extender in particular 

when the products are used in harsh environments where high reliability can be a 

definitive factor in the choice of the material.   

In summary, MOCA is an excellent all-round chain extender with TDI based prepolymer 

systems, which made it the chain extender of choice in the European cast polyurethane 

industry for decades. It is still the most widely used chain extender outside of the EEA and 

UK as there are no commercially available alternatives to the TDI/MOCA system that are 

both cost effective and have comparable performance. It is also economical and benefits 

from a proven reputation due to being an industry standard. For customers, a TDI/MOCA 

high-performance PU part corresponds to a high quality and durable product with an 

established track record coming from decades of use in end-use installations. 
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3.1.2.3. Description of the technical requirements that must be achieved 

by the products made with MOCA  

The PU products cured with an alternative curing agent must have the same technical 

properties as the MOCA cured PU products. In some cases, alternative curing agents have 

been shown to perform as well or even better than MOCA in regards to an individual 

technical property, but do not have the same performance for all the required properties. 

For the custom-made rollers covered by this use, the most important technical 

requirements are presented below. 

▪ Mechanical strength: A high mechanical strength is necessary to handle the loads

and the high tensions that are applied on the PU-covering. The loads used in the

steel and aluminium industries are typically high. A PU with insufficient mechanical

strength will powder or crack rendering the part unusable.

▪ Coefficient of friction (CoF): This parameter depends on whether the roller is

driven (powered with a motor) or non-driven.

o Driven rollers need a high coefficient of friction to be able to maintain grip

and thus stretch/place tension on e.g. metal sheets or conveyor belts.

o For non-driven rollers, CoF is not a key parameter.

▪ Dynamic load bearing capacity: The parts need to have a high dynamic load

bearing in these applications. If the PU cannot withstand the dynamic loads, it will

build up temperature and melt (degrade) or start cracking.

▪ Fatigue: Fatigue behaviour is an important factor in terms of product life and

durability. Parts with low fatigue resistance will need to be changed more often.

▪ Cutting resistance: It is important that the PU parts have high cutting resistance

in order to avoid parts breaking or getting cut out and contaminating the customer’s

production line. Contamination would lead to the damage of the metal sheets and

strips in the production line thus, increasing the end-user’s scrap rate. Cutting

resistance is thus crucial to the high-performance PU rollers used in the steel and

aluminium industries as they come in contact with sharp metal parts and cutting

blades. A roller with low cutting resistance would not last long during end-use.

▪ Adhesion: High bonding strengths are necessary to maintain adhesion between

the PU and substrates. If delamination occurs, this could lead to major costs and

equipment damage due to the stop in production to replace the roller.

▪ Reliability: It represents the likelihood of the product to perform its intended

function for the defined period of usage and under the defined operating conditions

in a manner that customer requirements are either met or exceeded. It is a crucial

parameter for LUC UK’s high-performance PU products thus, the products cured

with an alternative chain-extender must be as reliable as TDI/MOCA PU products.

When purchasing LUC UK’s products, the customers are expecting a highly reliable

product. If LUC UK fails to deliver such a product, their customers will switch to

non-UK moulders who can supply MOCA cured PU products. In this case, LUC UK

would lose its customer base meaning a negative economic impact on its business.
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All these properties in combination contribute to the quality and success of LUC UK’s high-

performance PU roller coverings in this sector of use. The material properties are based 

on customer specifications for the products covered by this use. Therefore, non MOCA-

based PU coverings on rollers need to fulfil these criteria to be considered “suitable”. 

The technical requirements listed above are used in this AoA to assess the performance of 

alternative PU materials compared with their TDI/MOCA counterparts. For quantitative 

definitions of the technical requirements, please refer to Table 8 in Chapter 3.2.4 including 

minimum, maximum and typical values for the technical properties described above. 

3.1.3. Market analysis of products manufactured with MOCA 

3.1.3.1. Description of the products resulting from the use of MOCA 

LUC UK’s MOCA based product portfolio for the steel and aluminium industry consists of a 

great variety of large rollers for strip processing mills. Typical roller diameters are in the 

range of 0.3 m to 2.5 m and roller lengths in the range of 1.5 m to 4 m. The rollers usually 

consist of a steel roller body with a polyurethane covering of approximately 10 to 30 mm 

thickness. Figure 13 shows an example of two rollers for a steel mill with a diameter of 

2.4 m. 

Figure 13. Rollers with a diameter of 2.4 m for a steel mill 

Figure 14 shows the typical process for manufacturing strip steel products. The process to 

manufacture stainless steel and aluminium is similar from the cold rolling mill forward. 

Figure 15 shows how a typical processing line is set up and a picture of such line is 

presented in Figure 16. 
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Starting from the cold rolling mill, rollers with polyurethane covering are used in each line 

and in each individual section of a line. Examples of roller types are: 

- Applicator rollers

- Braking rollers

- Bridle rollers

- Coating rollers

- Coil Support rollers

- Contact rolls

- Deflector rollers

- Driver rollers

- Laminating rollers

- Looper car rollers

- Pass-line rollers

- Pinch rollers

- Pressure rollers

- Print rolls

- Shape-meter rollers

- Snubber rollers

- Squeeze rollers

- Steering rollers

- Strand gate rollers

- Support rollers

- Table rollers

- Transport rollers

- Wringer rollers

One example of rollers are the bridle rollers, which are used to keep sufficient tension on 

the strip. They require high coefficient of friction but also high strength because of the 

very high strip tension. Figure 17 and Figure 18 show examples of bridle rollers. 

Figure 17. Set of 4 bridle rollers in a steel processing line 
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for aluminium products, as the metal's relative durability, light weight and recyclability 

makes it preferable to other metals. The world price of aluminium dictates the price that 

industry operators receive for their products and therefore has a significant influence on 

industry revenue. As the global economy recovers from the effects of the coronavirus 

pandemic, demand for the metal is expected to far outstrip supply, leading to significant 

price increases. On the other hand, the focus on energy efficiency is likely to remain 

strong, and limits on carbon emissions may increase compliance costs for operators. As 

aluminium production is highly energy-intensive, the industry is unlikely to attract new 

entrants given Britain's high energy costs. Some operators may be unable to cope with 

foreign competition, and enterprise numbers are projected to decline slightly as a result. 

In addition, other negative factors affecting this industry are high imports and high 

competition.10 12

The situation in the UK steel an aluminium market can be described as stable. The market 

is not rapidly increasing or decreasing. The demand of high-performance PU products from 

the steel and aluminium market can therefore be assumed to continue similarly than 

before. The market growth for individual suppliers such as LUC UK is stemming from the 

competition against other suppliers. In this LUC UK is positioned better than its 

competitors as described above and therefore can expect a growth above average. 

3.1.4. Annual volume of the SVHC used 

LUC UK currently uses 2 tons of MOCA annually. The highest forecast annual tonnage over 

the review period is 3.8 tons. The annual tonnage used in the risk assessment is 3.8 tons 

The monetised risk values were derived using this value.   

The tonnage can be divided between the uses with the same percentage shares as other 

variables: 68 % for Use 1 and 32 % for Use 2. This accounts 2.58 tons as highest forecast 

tonnage for Use 1 in the 12-year review period applied for.  

3.2. Efforts made to identify alternatives 

The efforts made to identify alternatives discussed in this chapter are the efforts of LUC 

Group. 

3.2.1. Research and development 

LUC Group has made extensive efforts to find a suitable replacement for MOCA in their PU 

products. LUC Group’s R&D on alternatives to MOCA started in June 2009 and are still 

ongoing for the high-performance PU products covered by the two uses of this application. 

This is due to the fact that no suitable replacements have been found for these products 

in spite of LUC Group’s extensive R&D efforts. Short pot-life and poorer mechanical and/or 

dynamic properties have been limiting factors to the use of alternative systems. To date 

LUC Group has spent more than 0.5 M GBP in R&D to find an alternative to MOCA. Since 

the submission of the authorisation application under REACH (ID 0225-01 and 0225-02), 

LUC Group has continued its R&D efforts and tested one further alternative. 

In contrast, in some of LUC Group’s PU products, representing approximately 25 % of LUC 

Group’s MOCA PU product portfolio, the use of MOCA has been successfully phased out 

and the PU products are now produced using alternative systems. For products supplied 

12 https://www.ibisworld.com/united-kingdom/market-research-reports/aluminium-production-industry/
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further details). The mechanical and/or dynamic properties of the resulting PUs were 

lower. Furthermore, PU products had reduced coefficients of friction. 

Two LF-MDI systems and four conventional systems are assessed in more detail in 

Chapter 3.3.2. 

4. NDI/PPDI systems (already started before 2009):

LUC Group has also conducted tests on other non-TDI systems – specifically those 

using NDI (in use since 1973) and PPDI (since 1987). The processability of these 

systems is different than with TDI-prepolymer systems. Their reaction profiles differ, 

and curing takes significantly longer. The low hysteresis and dynamic load bearing 

capacity of the PUs made with these systems outperform the PUs made with TDI 

systems. The coefficient of friction of these PUs is however significantly lower. In 

addition to the technical differences (PU grades) there is also a huge difference in costs. 

The most promising NDI and PPDI-based alternative candidates are presented in more 

details in Chapters 3.3.3 and 3.3.4, respectively. 

In conclusion, despite the extensive R&D work which LUC Group has carried out for more 

than a decade, they have not identified a suitable alternative to MOCA in the production 

of the high-performance PU product groups covered by this application. LUC Group is 

continuing its efforts to find a non-MOCA based PU system for these products. LUC Group 

is focusing on finding a like-for-like alternative chain extender as they would preferably 

continue to use a TDI-based system since the PUs manufactured have better dynamic, 

fatigue and friction properties in comparison to those manufactured using (LF-)MDI-based 

systems. 

3.2.1.1. Standardised testing 

LUC Group uses standard test methods (ISO methods) to test the PU properties. All tests 

are carried out at LUC Group’s facilities. The test data presented in Chapters 3.2.4.1 and 

3.3 were generated using the test methods listed in Table 5. 
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Wheel test (Ride Simulator; dynamic testing – internal standard): 

Wheel tests are conducted on LUC Group’s Ride Simulator (Figure 21), which is used to 

qualify the dynamic properties of the PU material. This test equipment allows test loads 

up to 70 kN and velocities up to 300 km/h. The temperature development of the wheel 

covering is monitored during the test using an IR camera. 

Figure 21. LUC Group’s Ride Simulator. The test PU wheel is shown by an arrow 

Typical test conditions are presented in Table 7. Test PU wheels having a diameter of 290 

mm (inner) and 320 mm (outer) as well as a width of 90 mm are used in the test. The 

thickness of the PU covering is of 15 mm. The velocity is typically kept at 2 km/h while 

the load applied on the PU test wheel is increased by 500 kg every 30 min until the PU 

covering fails. Failure can be PU cracking, melting or powdering. 
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In order to use Addolink® 1604, the production equipment needs to be adapted. To prevent 

decomposition, process controllers need to be installed to ensure that temperatures do 

not exceed 150 °C. In addition, as non-melted particles may be present in Addolink® 1604, 

the melted material must be filtered before injection into the weighing/metering system 

to prevent damage to the equipment and to ensure that the resulting elastomer is of 

acceptable quality. 

3.3.1.3.2. Availability of Addolink® 1604 

The availability of Addolink® 1604 is currently poor and has been unavailable in the past. 

An email from the supplier supporting this is provided in Appendix 2 of this document. 

Currently, Addolink® 1604 is only EU REACH registered for 1-10 tonnes/year. This volume 

is insufficient to overtake the MOCA consumption of LUC Group. In order to distribute the 

raw materials to LUC UK, LUC Group should have sufficient stock. LUC Group is the supplier 

for LUC UK and the registration has been grandfathered by LUC UK under UK REACH. 

3.3.1.3.3. Safety considerations related to using Addolink® 1604 

Based on the information in Table 29, Addolink® 1604 is not classified as hazardous to 

human health. Regarding environmental hazards, it is classified as Aquatic Chronic 3.  

Overall, there is a reduction in risks when transferring to Addolink® 1604 from MOCA. 

3.3.1.3.4. Technical feasibility of Addolink® 1604 

The reactivity and processability of Addolink® 1604 are good. 

Ether prepolymer system: 

LUC Group conducted tests on Addolink® 1604 cured PU in the ether prepolymer system. 

The results are presented in Table 30. Several properties are out of specifications. 



(#A for all redactions in the table)



#A

#A

#A
#A

#A

#A



#A

#A

#A

#A



#A

#A



(#A for all redactions in the table)

#A

#A



#A

#A

#A

#A

#A



#A

#A

#A

#A



(#A for all redactions in the table)



(#A for all redactions in the table)



#B
#B

#B

#C















ANALYSIS OF ALTERNATIVES and SOCIO-ECONOMIC ANALYSIS 

Use number: 1  LUC (UK) Limited 

109 

the past decade. Moreover, MDI has had poor to non-existent availability during two 

occasions, the latest one being in 2016/2017.18  

3.3.2.3. Safety considerations related to using (LF-)MDI systems 

HQEE and Diprane E are not classified as hazardous. A transition to LFM E370/HQEE and 

Hyperlast 153/55A would lead to a reduction in risks. 

Vibracure® 2101, Diprane CA, Baytec XL 1705 and Baytec XL AL32 are not classified as 

carcinogenic thus, a transition to these curing agents and corresponding PU systems could 

lead to a reduction in risks for the workers. Only Baytec XL 1705 is classified as hazardous 

to the environment however, releases to the environment are unlikely.  

3.3.2.4. Technical feasibility of (LF-)MDI systems 

The production of polyurethane using MDI-prepolymers is more complex than with TDI-

systems. Low Free-MDI systems (LF-MDI), such as Adiprene® LFM E370, have less 

disadvantages than the conventional MDI-system but they are still more sensitive and less 

reliable than the TDI-system. The LF-MDI systems require precise raw material ratios. 

Even small shifts in ratios can have dramatic effects on the mechanical and dynamic 

properties of the PU. In addition, LF-MDI systems are more moisture sensitive than TDI-

systems.  Lastly, LF-MDI raw materials have shorter shelf-life than TDI/MOCA raw 

materials. Overall, this results in more rejected parts and by extension, more waste is 

produced.  

Similar issues are faced with conventional MDI-systems (e.g. Desmodur MDQ 75164, 

Desmodur MAX-D30). In addition to these issues, the green strength (strength of the 

material at the beginning of curing) of the PU is lower, which increases the chance of PU 

cracking or bonding problems to substrates. The reaction of conventional MDI-prepolymers 

with the curing agent is more exothermic (releases heat) than LF-MDI or TDI. This leads 

to shrinkage of the polyurethane that would require LUC UK to purchase new moulds to 

offset the shrinkage. The more exothermic reaction combined with the higher reactivity of 

conventional MDI-systems makes the production of large parts more difficult. Lastly, the 

surface of MDI-based polyurethane has typically more cosmetic defects. 

Ether prepolymer system: 

The results of the tests conducted in the ether prepolymer system are presented in Table 

41. The tensile strength of PUS made with these systems is significantly lower than

TDI/MOCA PUs making them unsuitable for the applications covered by this use. In

addition, the abrasion resistance for LFM E370/HQEE PU is significantly lower. This will

result in a PU having unsatisfactory cutting resistance, which is one the key requirement

for the products covered by this use due to the sharp materials they come into contact

with.

18 https://www.icis.com/explore/resources/news/2017/05/26/10110409/corrected-contagious-trends-emanate-from-short-

europe-crude-mdi-market/ 
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Figure 64. Results of the CoF test using stainless steel 

Figure 65. Results of the CoF test using steel 
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Figure 67. Stress-strain curves plotted from the results of the ISO 37 test 

Figure 68 shows the different dynamic behaviour of the tested material. PPDI/BDO PU has 

a higher load bearing capacity than TDI/MOCA PU. 

Figure 68. Test results showing the different dynamic behaviour of TDI/MOCA PU and PPDI/BDO PU 

The results of the CoF tests are presented in the next three figures. PPDI/BDO PU has a 

significantly lower CoF than TDI/MOCA PU on all three counter materials.  
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Figure 69. Results of the CoF test using stainless steel 

Figure 70. Results of the CoF test using steel 
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Figure 72. Stress-strain curves plotted from the results of the ISO 37 test 

The load bearing capacity of PPDI/HQEE PU is comparable to MOCA/TDI ester PU as shown 

in Figure 73.  

Figure 73. Test results showing the different dynamic behaviour of TDI/MOCA PU and PPDI/HQEE 

PU 

The results of the CoF tests are presented in the next three figures. The CoF of PPDI/HQEE 

PU is significantly lower than TDI/MOCA PU with all three counter materials.  
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Figure 74. Results of the CoF test using stainless steel 

Figure 75. Results of the CoF test using steel 
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As it can be seen from the table, the alternatives have many limitations, which make them 

non-suitable alternatives to the TDI/MOCA system. In some cases, it is even impossible 

to manufacture the rollers with the alternative PU systems due to their short pot-lives. 

In terms of technical feasibility, while some PU made with alternative systems may 

perform as well or even better than MOCA in regards to an individual technical property 

but do not have the same performance for all key technical requirements for Use 1 

products.  

Dynamic load bearing capacity is a major issue in the alternative TDI and MDI PU systems. 

There are also issues with PU mechanical strength, CoF (some systems), fatigue and 

reliability in these systems. End-users are particularly sensitive to reductions in durability 

as this increase their costs (parts need to be changed or recovered more often resulting 

in more frequent downtimes). In addition to these, the pot-life of the TDI/DMTDA system 

is too low for some products covered meaning that MOCA cannot be replaced in the 

manufacture of these products. Furthermore, DMTDA/TDI ether PU has insufficient cutting 

resistance, which increases the end-users’ costs due to the need of changing PU parts 

more frequently and the higher scrap rate due to pieces of PU falling in the productions 

lines and damaging the metal sheets and strips. 

In contrast, PUs made with NDI and PPDI based systems have excellent load bearing 

capabilities but their CoFs are too low. In addition, system pot-lives are shorter thus, the 

rollers covered by Use 1 cannot be casted. 

Availability is an issue for many of the alternatives, especially in the volumes needed by 

LUC Group to replace MOCA, keeping in mind that substitution related decisions are taken 

on a Group level. Only the PPDI- and (LF-)MDI-based systems are readily available in 

sufficient quantities. 

In terms of economic feasibility, the implementation of alternatives would require 

significant investments from LUC Group (an estimated 360-416 k GBP in total). The 

estimate covers the purchase of new equipment and machinery (casting machines, 

feeders, curing ovens etc.), labour costs (R&D personnel, production workers etc.), 

administrative and regulatory costs. For additional information, please refer to the 

substitution costs section in Chapter 4.1.3.1. 

The production costs of all alternatives are higher than the ones of the TDI/MOCA system. 

All alternatives have higher raw material costs, as high as 13 times the price of MOCA. In 

addition, many of the alternatives have higher energy costs and scrap rates. Economically, 

this is a major issue for LUC UK due to i) distortion of the market by TDI/MOCA PU products 

from outside the UK and ii) the lack of motivations of the end-users. Next to this the 

durability is very low (not sustainable). 

i. As the finished PU products do not contain any MOCA, they cannot be regulated

based on MOCA. Thus, non-UK moulders can continue freely to place their

TDI/MOCA PU products on the UK market. LUC UK has to compete with these

products both in terms of price and performance. This puts LUC UK in the vulnerable

position where their customers (the end-users) may leave them for a non-UK

moulder at any time. Thus, any non-MOCA PU based products LUC UK

manufactures must perform at least as well as their TDI/MOCA PU counterparts.

This means that it is essentially impossible for LUC UK to reflect the substitution
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costs and the higher production costs in the price of the PU made with alternative 

systems. 

ii. LUC UK’s customers are accustomed to use TDI/MOCA PU products and they have

no driver to change. As demonstrated in Chapter 3.3, the PU products made with

alternative systems are more expensive to produce while their performances are

lower. LUC UK’s customers have little motivation to pay more for a relatively non-

proven PU product that potentially performs worse during end-use (over the

lifetime of the article). As LUC UK’s customers have no driver to transfer to non-

MOCA based PU products, there is a very real risk that they prefer to stick with

what they know and stay with TDI/MOCA PU products. If LUC UK’s customers were

in the same situation where they would also need to find alternatives, the situation

would be easier in that the goal would be a common one. However, the current

situation is that end-users are only concerned about price and performance.

In conclusion, in order to remain competitive, LUC UK would either need to provide an PU 

product made with an alternative system that perform as well as their TDI/MOCA PU 

counterparts for the same price or a better performing product for a higher cost. The 

alternatives discussed fulfil neither. 
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4. SOCIO-ECONOMIC ANALYSIS

4.1. Continued use scenario 

4.1.1. Summary of substitution activities 

As part of LUC Group, LUC UK’s efforts to find a suitable replacement for MOCA in the 

manufacture of their PU products have been extensive. LUC Group’s investigations on 

alternatives to MOCA started already in June 2009 and they have tested dozens of non-

MOCA based curatives and polyurethane systems. LUC Group has tested like-for-like 

diamine alternatives, chain extender blends and non-TDI polyurethane systems.  

The rejected alternative candidates along with an explanation why they were rejected are 

listed in Chapter 3.2.4.1. Chapter 3.2.4.2 contains the chain extenders that were used in 

different combination and ratios to make chain extender blends. Chain extender blends 

were rejected as well on the basis that the mechanical properties of the end products were 

lower and the reactivity of the blend was not uniform. In Chapter 3.3, the chain extenders 

and polyurethane systems that most closely match MOCA based PUs or the most common 

replacements to MOCA according to raw material manufacturers are discussed in terms of 

availability, safety considerations, technical feasibility and economic feasibility.  

As highlighted in the alternative assessment, there is currently no suitable alternative to 

replace MOCA in the manufacture of LUC UK’s products covered by this application. None 

of the chain extenders or polyurethane systems tested provide products with the same 

mechanical and dynamic properties, nor do the products have the same reliability. This is 

not acceptable for LUC UK as the products covered by this application have high reliability 

and technical requirements. Lower mechanical and dynamic properties may lead to failures 

during end-use, which can cause dramatic accidents involving personal injury and 

equipment damage. In addition, MOCA based PU systems have relatively short curing 

times compared to MOCA-free PU systems. This saves oven space and allows for higher 

production output and saves lots of energy (one day cure vs. 3 weeks). 

It is currently uncertain when a non-MOCA chain extender that can produce a high 

performance and high durability polyurethane material that fulfils every key technical 

requirement would be available on the market. Based on the current market, it can easily 

take several years before a suitable alternative is available. LUC Group has therefore 

developed an R&D plan taking this into account. 

4.1.2. Conclusion on suitability of available alternatives in general 

There are currently no suitable alternatives to MOCA for the manufacture of the high-

performance PU products covered by this use. Therefore, LUC Group will need to continue 

their R&D efforts to find a suitable replacement. As all the potential alternatives currently 

available on the market have already been tested by LUC Group, it is uncertain when a 

new potential alternative to MOCA for the products covered by this application can be 

found. LUC Group has defined an R&D plan in case a suitable alternative is found. 
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4.1.3. R&D plan 

This chapter presents the R&D plan defined by LUC Group in case a suitable alternative to 

MOCA is found. As part of LUC Group, LUC UK follows this R&D plan and the substitution 

will be completed on a Group level. The R&D efforts are performed by LUC Group. The 

R&D plan is valid for both Use 1 and Use 2. 

LUC Group’s substitution plan consists of five phases and describe the steps LUC Group 

would take to replace MOCA in their processes should a viable alternative be found. A short 

overview of the different phases for each use is presented below. 

Use 1: 

- Phase 0: R&D

▪ Deliverables: Preliminary test data and potential alternative candidate(s)

▪ Estimated duration: Unknown

▪ Milestone: Go/no go

- Phase 1: Upscaling from R&D scale to production scale

▪ Deliverables: Test data and process parameters

▪ Estimated duration: 3 years

▪ Milestone: Go/no go

- Phase 2: Casting prototypes

▪ Deliverables: List of potentially replaceable products

▪ Estimated duration: 4 years

▪ Milestone: Go/no go

- Phase 3: Verification trials with the customers

▪ Deliverables: Customer feedback and data on the prototype’s behaviour in

end-applications

▪ Estimated duration: 6.5 years

▪ Milestone: Go/no go

- Phase 4: Debriefing

▪ Deliverables: Final report and list of products where substitution is possible

▪ Estimated duration: 1.5 years

▪ Milestone: Go/no go

Use 2: 

- Phase 0: R&D

▪ Deliverables: Preliminary test data and potential alternative candidate(s)

▪ Estimated duration: Unknown

▪ Milestone: Go/no go

- Phase 1: Upscaling from R&D scale to production scale

▪ Deliverables: Test data and process parameters

▪ Estimated duration: 3 years

▪ Milestone: Go/no go
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- Phase 2: Casting prototypes

▪ Deliverables: List of potentially replaceable products

▪ Estimated duration: 4 years

▪ Milestone: Go/no go

- Phase 3: Verification trials at end-users

▪ Deliverables: Customer feedback and data on the prototype’s behaviour in

end-applications

▪ Estimated duration: 8 years

▪ Milestone: Go/no go

- Phase 4: Debriefing

▪ Deliverables: Final report and list of products where substitution is possible

▪ Estimated duration: 3.5 years

▪ Milestone: Go/no go

4.1.3.1. Factors affecting substitution 

Many factors affect the substitution of MOCA. They arise from the different motivations of 

the different actors (LUC Group, end-users and alternative providers), the diversity of 

sectors where PU products can be used in, the top-notch qualities of TDI/MOCA PU and 

the versatility of parts that can be produced with MOCA (e.g. soft and flexible seal vs. hard 

and tough roller). 

TDI/MOCA has an established reputation: TDI/MOCA PU products are well known to 

LUC UK’s customers as they have been using them for decades with satisfying results. 

TDI/MOCA PU products have an established reputation as reliable, high performance 

products with an excellent price/quality-ratio.   

End users have no motivations to change to non-MOCA based PU products: LUC 

UK’s customers (the end-users) are accustomed to TDI/MOCA PU products. Changing to 

non-MOCA based PU products would require end-users to switch to relatively untested 

products for installations that have long service life and where any downtime for repair, 

maintenance or replacement will result in lost production time. Furthermore, the current 

non-MOCA based PU products are more expensive to produce while their performance may 

be lower. As LUC UK’s customers have no driver to transfer to non-MOCA based PU 

products, there is a very real risk that customers prefer to stick with what they know and 

stay with TDI/MOCA PU products. If LUC UK’s customers were in the same situation where 

they would also need to find alternatives, the situation would be easier in that the goal 

would be a common one. However, the current situation is that LUC UK’s customers are 

only concerned about price and performance. 

TDI/MOCA-PU products from outside of the UK distorts the market: LUC UK’s 

customers can easily switch to non-UK moulders. As the finished PU products do not 

contain any MOCA, they are not affected by the ban on MOCA thus, non-UK moulders can 

continue freely to place their TDI/MOCA PU products on the UK market. LUC UK has to 

compete with these non-UK moulders, which puts them in a vulnerable position in that at 

any time, LUC UK’s customers may leave them for a non-UK moulder. Therefore, any non-

MOCA based PU products LUC UK manufacture must perform at least as well as their 

TDI/MOCA PU counterparts. This also means that it is essentially impossible for LUC UK to 

reflect the substitution costs (estimated at 850-962 k GBP) or the higher production costs 
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Labour costs: This includes the labour costs of all production workers involved in casting 

prototypes. This includes the cleaning and blasting of metal parts (substrates), the 

application of bonding agent to the metal parts, preparing PU, preparing and preheating 

the moulds, casting, demoulding and finishing of final products. This also includes the 

labour costs of workers involved in the preparations, which includes requesting quotes, 

ordering metal parts (e.g. steel cores and base plates) and designing and ordering new 

moulds. 

An R&D team is assigned to follow the casting of prototypes in production. After prototypes 

are casted, they are tested by R&D personnel to determine their technical properties. For 

instance, tests are carried out on LUC Group’s Friction Test Rig to determine friction pad 

behaviour. During and after testing, R&D personnel are tasked to process the test data 

and to write interim and final reports. 

Administrative & regulatory costs: This includes UK REACH registration costs, which 

may be required for some alternatives. LUK UK has submitted Downstream User Import 

Notifications (DUIN) for some of the alternative substances. 

Phase 3 costs: 

Material costs: 

Use 1: Steel cores for different designs of rollers need to be purchased as multiple 

customers will be contacted for verification trials. 

Use 2: Steel cores and steel base plates for different designs of heavy-duty rollers and 

tensioner pads need to be purchased as well. For tensioner pads, multiple sets of each pad 

design must be casted as they are used on multiple tensioners in series. Therefore, a high 

number of steel base plates are needed, which is why the material costs for Phase 3 are 

higher for Use 2 than Use 1.  

For both use: Besides the costs for the steel parts, also new moulds (to cover a wider 

variety of designs than the ones covered in Phase 2) and raw material costs are included. 

Labour costs: This covers the labour costs of LUC Group’s personnel making site visits at 

customers’ facilities. It includes the time spent at customers’ sites for safety/approval 

procedures that must be conducted before any on-site testing can start and any additional 

testing at LUC Group’s facilities that may be required. This is particularly important for Use 

2 products, which makes it a more time-consuming task. The customers have stricter 

safety/approval procedures for Use 2 products explaining the difference in costs between 

Use 1 and 2. 

After approval is received from customers, LUC Group casts the required prototypes for 

verification trials. The labour costs thus include the costs for all production worker involved 

in the manufacture of the prototypes from the beginning to the end. It also includes the 

cleaning and blasting of metal parts, the application of bonding agent to the metal parts, 

preparing PU, preparing and preheating the moulds, casting, demoulding, finishing and 

packaging of final products.  

It also covers the labour costs of workers involved in the preparations, which includes 

requesting quotes, ordering metal parts (e.g. steel cores and base plates) and designing 
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and ordering new moulds. The cost of personnel involved in final inspection/quality control 

of casted parts is also included. 

Lastly, it covers the time spent to monitor the performance of non-MOCA based products 

at end-users facilities by LUC Group’s personnel. 

Administrative & regulatory costs: None. 

Phase 4 costs: 

Material costs: None. 

Labour costs: This includes labour costs to write final reports, set-up new PU formulations 

and update product information in SAP. Labour costs to inform LUC UK’s production site 

of the new PU formulations and to give on-site trainings to production workers are also 

covered.  

As the non-MOCA based products do not benefit from MOCA’s established reputation, they 

need to be heavily advertised to other end-users, which is time-consuming for LUC Group. 

These costs have also been included in the estimate. 

Administrative & regulatory costs: None.  

4.1.3.2. List of actions and timetable with milestones 

A detailed description of the steps LUC UK will take in case an authorisation is granted is 

given below. The total time required for substitution of MOCA is the duration of Phase 0 

(unknown) and the duration of Phase 1-4 (10 years for Use 1 and 12 years for Use 2) 

since Phase 1 can only start once a suitable alternative is found. The phases partially 

overlap. The potential substitution timelines are given in Appendix 3 of this document. 

LUC UK is applying for a long review period of 12 years due to the current unavailability 

of suitable alternatives to MOCA in the manufacture of the high-performance PU products 

covered by this application and the time needed to develop a working formulation for each 

product. 

4.1.3.2.1. Phase 0: R&D 

As outlined in the AoA, none of the non-MOCA chain extenders/polyurethane systems 

currently available on the market provide the end-products with the same mechanical and 

dynamic properties as MOCA and the parts are often less reliable and more expensive to 

produce. Therefore, none of the alternative candidates tested can be used to replace MOCA 

in the manufacture of the products covered by this application as the performance of 

alternative PU products must at least equal the performance of TDI/MOCA PU products for 

a similar price to be accepted by LUC UK’s customers.  

Consequently, LUC Group will continue their R&D efforts until a suitable alternative to 

MOCA is found. LUC Group will continue to consult suppliers and search literature/internet 

for new potential alternative candidates. 

LUC Group will test any new potential alternative candidates in their facilities to determine 

their technical feasibility. The tests will be conducted in the same sequential manner as 

presented in the AoA. First, the pot-life (reactivity) and hardness of the material will be 

tested. In case the results are promising, preliminary tests on the mechanical properties 
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of the material will be conducted. If successful, the coefficient of friction and dynamic 

behaviour of the material will then be determined in a series of tests. 

Go/no-go decision: In case preliminary results are promising, the project will enter 

Phase 1 otherwise, the project will stay in Phase 0 and LUC Group will continue to look for 

and test new potential alternatives. 

This phase contains the biggest unknown component of the R&D plan in terms of duration. 

There is currently no suitable alternative to replace MOCA in the manufacture of the 

products covered by this application due to the products’ high reliability and performance 

requirements. It may take years before a new potential alternative candidate is available 

on the market and there is no certainty that it will be suitable to replace MOCA in the 

manufacture of LUC UK’s products. LUC UK is dependent on alternative providers to 

develop new MOCA-free polyurethane systems that have the same high-end properties as 

the MOCA systems and have similar production costs. 

4.1.3.2.2. Phase 1: Upscaling from R&D to production scale 

Once a suitable replacement for MOCA is found, upscaling tests must be performed. 

Several hurdles are expected during upscaling tests including issues with reactivity, which 

may limit the product’s volume that can be casted or narrow the hardness range that can 

be achieved. Other difficulties can for instance include issues with shrinkage or cracks. 

Upscaling is needed for both automated and semi-automated casting processes although 

the steps to be taken differ depending on the production method.  

Semi-automated process: 

The steps needed to upscale a potential alternative in semi-automated casting are listed 

below including the type of personnel needed for each step: 

1. Impact assessment of reactivity on higher volume products (R&D/production)

2. Adaptation/optimization of process parameters (R&D/production)

3. Determination of maximum batch volume (R&D/production)

4. Determination of hardness range that can be achieved (R&D)

5. Determination of end-products that may be reformulated (R&D/sales)

First, LUC Group will assess the impact of higher batch volumes on the reaction profile of 

the alternative PU system including its viscosity, reactivity and exothermicity (i.e. how 

much heat is released during the reaction and how does it impact the end-product for 

instance in terms of shrinkage and bonding). Based on the results of the tests, LUC Group 

may set a maximum limit to the batch volume and product size. LUC Group will also test 

multiple hardness systems to get an overview of the limits of semi-automated casting and 

set the hardness range that can be achieved with the MOCA-free system. 

After the initial upscaling tests, adaptation or optimization of the process parameters is 

necessary. The duration of this step is strongly dependent on the outcome of the initial 

upscaling tests. In worst cases, this can take an additional 9-12 months. The most time-

consuming task is the optimisation of the different PU systems at different hardnesses due 

to the large number of formulations. This step gives a first overview of the number of 

MOCA formulations that may be replaced with the MOCA-free system.  
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4.1.3.2.3. Phase 2: Casting prototypes 

The actions to be carried out in Phase 2 are the same for automated and semi-automated 

casting processes. These steps are: 

1. Casting prototypes for products in both uses. (production, R&D)

2. Determining if mould redesigns are necessary. (process engineer, work

preparation)

3. Testing for differences in finishing on lathes. (production, process engineer, R&D)

Based on the overview created in Phase 1, a selection of prototypes is casted. For this 

purpose, steel parts (substrates) are purchased and existing moulds are used. Depending 

on the results, LUC Group decides whether the moulds must be redesigned or not. 

Redesigning is necessary if, for instance, the amount of shrinkage in the PU is higher than 

when using the MOCA system. The redesign of moulds is done by LUC Group’s work 

preparation and process engineers. They make the new drawings for the moulds and order 

the moulds as custom-made pieces from an external provider. 

Finally, the finishing behaviour of the PU on lathes is checked. LUC Group checks for the 

difficulty of grinding, melting of PU caused by grinding, grooving, etc. If finishing is more 

difficult, LUC Group will design and buy new finishing tools in an aim to achieve the same 

quality of finishing as with TDI/MOCA polyurethane. 

Besides the differences in finishing, it is also of importance to know whether it is possible 

to meet certain finishing criteria, like surface roughness and surface quality (air bubbles 

or other defects in PU). If there are issues with the finish of the PU, the alternative is 

abandoned and the list of products where MOCA formulations can be replaced is updated. 

Milestone: An overview is made on the finishing surface criteria obtainable with the tested 

alternatives as well as on the differences in shrinkage per system and their impact on 

mould design. 

Go: Continue to Phase 3. 

No go: Improve finishing tooling or continue the search for new alternatives to MOCA in 

certain applications (Phase 0). 

4.1.3.2.4. Phase 3: Verification trials at end-users 

The actions in Phase 3 include: 

1. Contacting/visiting customers to present substitute for MOCA. (sales)

2. Additional testing at LUC Group’s/customers’ laboratory for customers’ specific

production lines. (R&D)

3. Seeking approval from customer to perform trials in process line. (QSHE, sales)

4. Casting prototypes for customer verification trials. (work preparation, production,

process engineer, R&D)

5. Reviewing product performance in customers’ production line. (sales, R&D)

Based on the more refined list of products obtained in Phase 2, LUC Group’s sales 

department contact a selection of customers. If invited by the customer, LUC Group’s sales 

team will give a presentation to convince the customer to perform a verification trial at 

their site using the newly developed MOCA-free formulation. 
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Typically, customers also request to carry out additional tests on the new product to gather 

information on properties relevant for their production line or require LUC Group to conduct 

them. The time needed for additional testing depends on the tests however, it typically 

takes at least 6 months. 

Verification trials in a customer’s production line cannot start before LUC Group has 

received the customer’s approval. To this end, LUC Group’s sales team contact the 

customer to inform and convince them to carry out verification trials. It is not an easy task 

as verification trials cause downtimes in the customers’ production lines and there are 

risks of malfunction. The new material must have promising technical properties, have a 

lower price or have other benefits in comparison to the old one for customers to agree to 

conduct verification trials. The customers have no interest in losing time and money in 

testing a new product that perform worse than the established TDI/MOCA product they 

are typically using.  

If the customer declines the request, LUC Group will conduct additional testing in an aim 

to convince him/her (back to step 2 of this phase). If no agreement can be achieved, the 

project will be abandoned with this customer and LUC Group will contact other customers 

who may be interested in carrying out verification trials (back to step 1 of this phase). 

If LUC Group receives the approval of the customer, LUC Group will cast prototypes to be 

used in the verification trials. To this end, a special order has to be made in SAP and LUC 

Group will request quotes for the steel parts (substrates). The parts will be ordered once 

the quotes are approved. Typically, the delivery of steel parts takes 3-5 months after 

which, it takes LUC Group 1-2 months to make the prototypes (including cast, cure and 

finishing of PU layer). 

LUC Group closely collaborates with the client during verification trials. LUC Group’s 

engineers regularly visit the customer’s site to monitor the condition of the polyurethane 

such that defects are discovered quickly. Verification trials typically last multiple years 

such that the durability of the new polyurethane can be assessed as well as the material’s 

behaviour throughout its lifetime can be monitored. 

Milestone: Get approval from/convince customer to start a verification trial at their site. 

Go: Product did not fail the verification trials at end-user sites. Continue to Phase 4. 

No go: If the product performed significantly less or even worse than the MOCA PU product 

or if it shown failure during verification trials: LUC Group will continue the search for a new 

alternative to MOCA (Phase 0). 

4.1.3.2.5. Phase 4: Debriefing 

1. Reviewing results with customer. (sales)

2. Writing final report. (R&D)

3. Seeking final approval from customer. (customer)

4. Customer to update documentation internally. (customer)

After completion of the verification trials, LUC Group’s Sales team will discuss the results 

with the customer. During this discussion, the new PU system will be compared to the 

MOCA PU system. LUC Group questions the customer about the differences in behaviour 

between the TDI/MOCA PU and the MOCA-free PU and whether the customer had to adapt 

their process parameters to implement the MOCA-free PU part. If the customer is not 
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satisfied with the results, LUC Group will need to start the entire process again, starting 

from Phase 0. 

LUC Group’s R&D team will record data gathered from the verification trials and customer 

feedback in a final report. This data will be used in the development of new PU material. 

Before the new product can be officially implemented at a customer’s site, the customer 

must give their approval. Depending on the customer’s approval process, this can take 

several months. For Use 2 products, this step typically takes longer as the end-users have 

much stricter safety processes and more complex approval processes in place. 

After approval of the product, LUC UK’s customers need to update their internal 

documentation (i.e. technical drawings, work instruction). The product is then 

implemented.  

Milestone: A MOCA based product is replaced with a MOCA-free alternative. 

Go: The new MOCA-free product is adopted by LUC UK’s customer 

No go: The customer does not give their approval to take the new product into use at 

their site. LUC Group must continue their search for a new alternative (Phase 0) 

It should be noted that the reformulation of a product may fail at any phase of the 

substitution work. A material that provides good results at R&D scale may not work in 

industrial scale production. The verification trials may be unsuccessful, or the customer 

may decide to keep using the TDI/MOCA PU product regardless of how the alternative 

product performs.  

Overall, the substitution of MOCA is a time-consuming task, hence the long review period 

requested by LUC UK. Firstly, there are no suitable alternatives to LUC UK’s high 

performance PU product currently available on the market. It may take several years 

before one is available. Secondly, the substitution work itself is time-consuming due to 

the number of steps and the need for engagement and buy-in from customers. Time is 

required to find the correct formulation and operating parameters with the alternative 

system. This necessarily involves a lot of trial and error. Prototypes go through a long 

series of tests in laboratory settings and then on-site at end-users facilities. Years of 

testing are required for verification trials as the durability of products must be 

demonstrated in end-use. The products covered with this application are high durability 

products, which must last for several years during end-use. 

4.1.3.3. Monitoring of the implementation of the R&D plan 

All LUC Group facilities have an ISO 9001 Quality Management System (QMS) in place. 

This means that the execution of the R&D plan as well as the related monitoring and 

documentation will all be done according to LUC Group’s QMS. LUC Group’s project 

flowchart for R&D projects such as the substitution of MOCA is presented in Appendix 4 of 

this document. 

LUC Group has assigned a project manager (the R&D manager) and an interdisciplinary 

core project team to work on the substitution. The team consist of R&D personnel, various 

engineers (work preparation, production and process engineers), sales and production 

personnel. 
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As described in the previous section, at the end of each phase of the substitution project, 

there is a decision gate. At this point, LUC Group’s project manager assess whether the 

phase’s deliverables have been successfully completed. A go/no-go decision is then taken 

and the project either advances to the next phase or an earlier step is repeated.  

The progress and results obtained during each phase are recorded in a report, which is 

then presented to the project manager. The project manager also monitors the status of 

milestones on a regular basis through meetings organised with the core project team. In 

case of issues blocking the project, ad-hoc meetings are organised to solve the issue.   

4.1.3.4. Conclusions 

LUC UK faces many hurdles with the substitution of MOCA. First, the established track 

record of TDI/MOCA for the manufacture of high performance and high reliability PU 

material and having an excellent price/quality ratio makes the end-users unwilling to try 

other PU material. In addition to the “why change something that works”-mindset 

displayed by end users, replacing a MOCA cured PU product with an alternative would 

require end-users to take into use relatively untested products for installations that have 

long service life and where any downtime for repair, maintenance or replacement will 

result in lost production time, which is extremely unattractive for end-users.  

Second, the TDI/MOCA PU products manufactured outside of the UK are a serious threat 

for LUC UK and their substitution efforts. As the finished polyurethane products do not 

contain any MOCA (it is fully consumed during the reaction), TDI/MOCA PU products cannot 

be regulated based on MOCA content and thus, can be freely imported to the UK. This 

effectively distorts the UK PU market. UK moulders, such as LUC UK, cannot produce 

TDI/MOCA PU products without an authorisation however, TDI/MOCA PU products are still 

readily available to end-users for purchase through non-UK moulders placing them on the 

UK market. Thus, LUC UK has to compete with non-UK moulders for market. This puts LUC 

UK in an extremely vulnerable position where LUC UK’s customers may leave them for a 

non-UK moulder. As LUC UK’s customers have no driver to transfer to non-MOCA based 

PU products, there is a very real risk that end-users prefer to stick with what they know 

and stay with MOCA-TDI PU products. Please also see Chapter 4.3 for a description of the 

non-use scenario in case of a refused authorisation for LUC UK. 

This situation set prerequisites to the substitution of MOCA as LUC UK’s end-users need to 

have an incentive to change to non-MOCA cured PU products. In order to remain 

competitive, LUC UK would either need to provide an alternative PU product performing 

as well as their MOCA counterparts for the same price or a better performing PU product 

for a higher price. As outlined in the AoA-SEA reports, none of the alternatives currently 

available on the market fulfil either of these requirements for the high-performance PU 

products covered by this application. Thus, LUC Group is continuing their search for 

alternatives to MOCA, which they started already more than 12 years ago. In this 

endeavour, LUC UK is fully dependent on alternative providers to develop new 

polyurethane systems. 
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4.2.1.1. Number of people exposed 

Worker 

Worker exposure is considered for direct exposure. LUC UK has 4 workers which are 

directly exposed. The rest of the LUC UK staff (9 people) are indirectly exposed workers 

and are included in the local people exposure assessment.  

Local people exposure 

The general people exposure is the most relevant to the local inhabitants nearby LUC UK’s 

site and the indirectly exposed workers who are included in this group. The local people 

exposure is considered for 10,000 people as a default number in the ECHA Guidance R.16 

(ECHA) recommended as the basis of the local exposure assessment. The wide range of 

population is a conservative approach. 

Regional people exposure 

Regional people exposure is considered for 20,000,000 people as a default number 

recommended in the ECHA Guidance R.16 (ECHA) as the basis of the regional exposure 

assessment. The wide range of population is a conservative approach. 

4.2.2. Impacts on environmental compartments 

Environmental impacts are not relevant for the proposed identification of the substance as 

an SVHC in accordance with article 57 (a & b).  

4.2.3. Compilation of human health and environmental impacts 

Monetised human health impacts are assessed for regional population, local population 

and workers for the 12-year period from 2022 to 2033 and also average per year. 

As outlined above, exposure to the general population is estimated based on modelled 

data and worker risk level is based on measured occupational exposure data and modelled 

data. The risk to human health is low due to both the low exposure concentration and the 

low number of directly exposed workers. 

The monetisation of cancer cases is assessed for fatal and non-fatal cases. It is assumed 

that 80 % of the cases are fatal. Fatal cancer assessment takes into account value of 

statistical life (VSL) and value of cancer morbidity as explained in guidance document24. 

Non-fatal assessment takes only value of cancer morbidity into account.25 

Fatal cancer cases 

The monetisation of fatal human health impacts for workers, local and general population 

in the continued for use scenario, and value per statistical cancer case for lower and upper 

bound26, is outlined in Table 63. To avoid underestimation due to inflation, lower and upper 

24 https://echa.europa.eu/documents/10162/13630/echa review wtp en.pdf/dfc3f035-7aa8-4c7b-90ad-

4f7d01b6e0bc  
25 Value of cancer case = Discount factor x (fatality probability x VSL + value of cancer morbidity)

26 ECHA, 2016a
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its profitability, it is not valuable to LUC Group anymore. LUC Group would relocate the 

entire UK production to its other facilities and close the LUC UK facility. As LUC Group’s EU 

REACH authorisation application for MOCA is in a process of being approved, LUC Group 

would produce the high-performance PU products for the UK market in its facilities in the 

EU and import the products to the UK market. As the finished PU products do not contain 

any MOCA, they are not affected by authorisation thus, non-UK moulders can continue 

freely to place their TDI/MOCA PU products on the UK market. 

It can be concluded that in case of a refused authorisation, LUC UK’s use would be taken 

up by market actors using the same substance operating outside the UK. 

4.3.1. Summary of consequences of non-use 

Supplier of MOCA 

Impacts of the non-use scenario on the MOCA supplier are negligible since they will 

continue supplying LUC Group, only to different location. 

LUC UK 

As mentioned, the most likely non-use scenario for LUC UK is ceasing of activities and 

business closure. This will result in producer surplus losses in the UK and costs related to 

the decommissioning of the UK facility. These negative economic impacts of the non-use 

scenario are monetised in Chapter 4.4.1. 

In addition, the non-use scenario results in societal cost to the UK as LUC UK’s 13 

employees would lose their jobs. This cost is monetised in Chapter 4.4.4. 

End-users 

Similarly to the MOCA supplier, the end-users of high-performance PU products in the UK 

will not be significantly impacted. They will continue purchasing the products from LUC 

Group, produced in and imported from the EU. However, the price of the products will 

increase due to an additional cost related to shipping. Global PU market is very 

competitive, therefore it is possible that some of the end-users could change to another 

TDI/MOCA producer due to the price increase.  

4.3.2. Identification of plausible non-use scenarios 

In addition to the business closure, LUC UK has identified 2 other non-use scenarios. These 

are 

• Using alternative curing agent

• Continue other PU production

The plausibility of the non-use scenarios for LUC UK is analysed in Table 67 below. The 

table outlines the analysed non-use scenarios with plausibility factor. 
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5. CONCLUSION

The aim of this combined Analysis of Alternatives (AoA) and Socio-economic Analysis 

(SEA) report was to: 1) demonstrate that no suitable alternative substances or 

technologies are implementable by LUC UK by the expiry of the extended sunset date 

MOCA under UK REACH passes on 30th of June 2022 and 2) to demonstrate that the socio-

economic benefits of the continued use of MOCA outweigh the risks to human health and 

environment. 

Since June 2009, LUC Group has tested dozens of non-MOCA based chain extenders and 

polyurethane systems including like-for-like diamine alternatives, chain extender blends 

and non-TDI PU systems. As it can be seen from the AoA, all the alternatives tested have 

many limitations making them unsuitable to replace TDI/MOCA in LUC UK’s production of 

high-performance PU products in this use.  

In terms of technical feasibility, the mechanical and dynamic properties of some 

alternatives is too low especially in terms of load bearing capacity and mechanical 

strength. For other PU systems, CoF is also an issue. In addition, many alternative PU 

systems have issues with fatigue, reliability and pot-life. End-users are particularly 

sensitive to reductions in reliability and fatigue as this increase their costs (parts need to 

be changed or recovered more often resulting in more frequent downtimes). 

Some alternatives are also currently unavailable or have limited availability, which further 

complicates the substitution of MOCA. 

In terms of sustainability, the PU materials made with the alternative systems had higher 

environmental loads compared to MOCA PU. The main reasons behind the lower 

sustainability of PUs made with alternative systems include lower fatigue properties, longer 

curing times, higher energy needs and/or higher scrap rate. This results into higher 

amounts of waste generated and higher energy consumption to produce the same amount 

of PU parts. 

In addition to giving PUs with lower technical performance, alternatives are also more 

expensive. All alternatives have higher raw material costs, as high as 13 times the price 

of MOCA and many also have higher energy costs and scrap rates. This is a major issue 

for LUC UK due to the distortion of the market by TDI/MOCA-PU products from outside of 

the UK and the lack of motivation of the end-users (LUC UK’s customers).  

LUC UK’s customers are accustomed to use TDI/MOCA-PU products and they have no 

motivation to pay more for a relatively non-proven PU product that potentially performs 

worse during end-use. As LUC UK’s customers have no driver to transfer to non-MOCA 

based products, there is a very real risk that they prefer to stick with what they know and 

stay with MOCA-TDI products. If LUC UK’s customers were in the same situation where 

they would also need to find alternatives, the situation would be easier in that the goal 

would be a common one. However, the current situation is that end-users are only 

concerned about price and performance.  

In conclusion, LUC UK has to compete with competitor products coming from outside the 

UK both in terms of price and performance. Thus, in order to remain competitive, LUC UK 

would either need to provide an alternative PU product performing as well as their MOCA 

counterparts for the same price or a better performing product for a higher cost. The 

alternatives currently available on the market fulfil neither.  
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The most likely non-use scenario for LUC UK would be business closure and the MOCA 

cured high-performance PU production would be relocated to LUC Group’s facilities in the 

EU. The UK society would benefit from the business closure only in terms of reduced cancer 

risk for the workers and general population. The human health value, the risk of continued 

use of MOCA for society for Use 1, is 0.000012 M GBP per year. The benefit of continued 

use of MOCA for society are the avoided cost of the non-use scenario (the producer’s 

surplus cost, decommissioning cost, corporate tax loss and societal cost from job losses). 

For Use 1, the benefit is 0.19 M GBP per year. The benefit-risk ratio of the continued use 

of MOCA for Use 1 is over 15,000 (0.19 M GBP / 0.000012 M GBP). The benefits outweigh 

the risks significantly. 

As outlined in Chapter 1, MOCA use at the LUC UK site fulfils the three conditions for 

“intermediate use” as given in the European Court of Justice (C -650/15/P5) decision and 

further clarified in the revised ECHA guidance of March 20226. Intermediate use is exempt 

from the authorisation requirement. LUC UK is submitting this application as a contingency 

measure as it is not yet clear how to document this decision for the relevant authorities in 

the UK.  
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APPENDICES 

Appendix 1. GC-MS results 

Appendix 2. Supplier communications 

Appendix 3. Potential substitution timelines 

Appendix 4. LUC Group’s project flowchart for R&D projects 
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Appendix 1. GC-MS results 
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NDI (trade name Desmodur 15): 

#C



ANALYSIS OF ALTERNATIVES and SOCIO-ECONOMIC ANALYSIS 

Use number: 1  LUC (UK) Limited 

191 

Appendix 3. Potential substitution timelines 

Use 1: 

Use 2: 
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