	Substance: Per- and polyfluoroalkyl substances (PFAS)
EC number: -
CAS number: -
	Annex XV report Third Party Consultation
From 22/03/2023 to 25/09/2023



General comments and answers to specific information requests

Specific information requests:

1. Sectors and (sub-)uses: Please specify the sectors and (sub-)uses to which your comment applies according to the sectors and (sub-)uses identified in the Annex XV restriction report (Table 9). If your comment applies to several sectors and (sub-)uses, please make sure to specify all of them.

2. Emissions in the end-of-life phase: The environmental impact assessment does not cover emissions resulting from the end-of-life phase. To get a better understanding of the extent of the resulting underestimation, (sub-)use-specific information is requested on emissions across the different stages of the lifecycle of products, i.e. the manufacture phase, the use phase and the end-of-life phase. Please provide justifications for the representativeness of the provided information. In particular:
a. Please provide, at the (sub-)use level, an indication of the share of emissions (as percentages) attributable to these three different stages. An indication of annual emission volumes in the end-of-life phase at sector or sub-sector level would also be appreciated.
b. If possible, please provide for each (sub-)use what share of the waste (as percentages) is treated through incineration, landfilling and recycling. Please provide information to justify the estimates as well as information on the form of recycling referred to.

3. Emissions in the end-of-life phase: With respect to waste management options, additional information is requested on the effectiveness of incineration under normal operational conditions (for different waste types, e.g. hazardous, municipal) with respect to the destruction of PFAS and the prevention of PFAS emissions.

4. Impacts on the recycling industry: To get an understanding of the impacts of the proposed restriction on the recycling industry, information is requested on:
a. The impacts that the concentration limits proposed in paragraph 2 of the proposed restriction entry text (see table starting on page 4 of the summary of the Annex XV restriction report) have on the technical and economic feasibility of recycling processes (together with a clear indication on the waste streams to which the described impacts relate).
b. The measures that recyclers would need to take to achieve the proposed concentration limits.
c. The costs associated with these measures.

5. Proposed derogations – Tonnage and emissions: Paragraphs 5 and 6 of the proposed restriction entry text (see table starting on page 4 of the summary of the Annex XV restriction report) include several proposed derogations. For these proposed derogations, information is requested on the tonnage of PFAS used per year and the resulting emissions to the environment for the relevant use. Please provide justifications for the representativeness of the provided information.

6. Missing uses – Analysis of alternatives and socio-economic analysis: Several PFAS uses have not been covered in detail in the Annex XV restriction report (see uses highlighted in blue and orange in Table A.1 of Annex A of the Annex XV restriction report). In addition, some relevant uses may not have been identified yet. For such uses, specific information is requested on alternatives and socio-economic impacts, covering the following elements:
a. The annual tonnage and emissions (at sub-sector level) and type of PFAS associated with the relevant use.
b. The key functionalities provided by PFAS for the relevant use.
c. The number of companies in the sector estimated to be affected by the restriction.
d. The availability, technical and economic feasibility, hazards and risks of alternatives for the relevant use, including information on the extent (in terms of market shares) to which alternative-based products are already offered on the EU market and whether any shortages in the supply of relevant alternatives are expected.
e. For cases in which alternatives are not yet available, information on the status of R&D processes for finding suitable alternatives, including the extent of R&D initiatives in terms of time and/or financial investments, the likelihood of successful completion, the time expected to be required for substitution (including any relevant certification or regulatory approvals) and the major challenges encountered with alternatives which were considered but subsequently disregarded.
f. For cases in which substitution is technically and economically feasible but more time is required to substitute:
i. the type and magnitude of costs (at company level and, if available, at sector level) associated with substitution (e.g. costs for new equipment or changes in operating costs);
ii. the time required for completing the substitution process (including any relevant certification or regulatory approvals);
iii. information on possible differences in functionality and the consequences for downstream users and consumers (e.g. estimations of expected early replacement needs or expected additional energy consumption);
iv. information on the benefits for alternative providers.
g. For cases in which substitution is not technically or economically feasible, information on what the socio-economic impacts would be for companies, consumers, and other affected actors. If available, please provide the annual value of EU sales and profits of the relevant sector, and employment numbers for the sector.

7. Potential derogations marked for reconsideration – Analysis of alternatives and socio-economic analysis: Paragraphs 5 and 6 of the proposed restriction entry text (see table starting on page 4 of the summary of the Annex XV restriction report) include several potential derogations for reconsideration after the consultation (in [square brackets]). These are uses of PFAS where the evidence underlying the assessment of the substitution potential was weak. The substitution potential is determined on the basis of i) whether technically and economically feasible alternatives have already been identified or alternative-based products are available on the market at the assumed entry into force of the proposed restriction, ii) whether known alternatives can be implemented before the transition period ends (taking into account time requirements for substitution and certification or regulatory approval), and iii) whether known alternatives are available in sufficient quantities on the market at the assumed entry into force to allow affected companies to substitute.

A summary of the available evidence as well as the key aspects based on which a derogation is potentially warranted are presented in Table 8 in the Annex XV restriction report, with further details being provided in the respective sections in Annex E.

To strengthen the justifications for a derogation for these uses, additional specific information is requested on alternatives and socio-economic impacts covering the elements described in points a) to g) in question 6 above.

8. Other identified uses – Analysis of alternatives and socio-economic analysis: Table 8 in the Annex XV restriction report provides a summary of the identified sectors and (sub-)uses of PFAS, their alternatives and the costs expected from a ban of PFAS. More details on the available evidence are provided in the respective sections in Annex E.

For many of the (sub-)uses, the information on alternatives and socio-economic impacts was generic and mainly qualitative. In particular, evidence on alternatives was inconclusive for some applications falling under the following (sub-)uses: technical textiles, electronics, the energy sector, PTFE thread sealing tape, non-polymeric PFAS processing aids for production of acrylic foam tape, window film manufacturing, and lubricants not used under harsh conditions.

More information is needed on alternatives and socio-economic impacts to conclude on substitution potential, proportionality, and the need for specific time-limited derogations. Therefore, specific information (if not already included in the Annex XV restriction report or covered in the questions above) is requested on alternatives and socio-economic impacts covering the elements listed in points a) to g) in question 6 above.

9. Degradation potential of specific PFAS sub-groups: A few specific PFAS sub-groups are excluded from the scope of the restriction proposal because of a combination of key structural elements for which it can be expected that they will ultimately mineralize in the environment. RAC would appreciate to receive any further information that may be available regarding the potential degradation pathways, kinetics or produced metabolites in relevant environmental conditions and compartments for trifluoromethoxy, trifluoromethylamino- and difluoromethanedioxy-derivatives.

10. Analytical methods: Annex E of the Annex XV restriction report contains an assessment of the availability of analytical methods for PFAS. Analytical methods are rapidly evolving. Please provide any new or additional information on new developments in analytics not yet considered in the Annex XV restriction report.
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	General Comments:
-

	
	
	Answer to specific info request 1:
Substance of PFAS: Diazirine-based chemical crosslinking monomers containing two fully fluorinated methyl (CF3-) carbon atoms per molecule (without any H/Cl/Br/I attached to them).  Our products:  BondLynx BLD-201 (CAS 2816776-70-0) and related bis-diazirine molecules. Product applications:  Expected to be used in a wide range of applications, including the manufacture of semiconductor devices and displays.

	
	
	Answer to specific info request 5:
PFAS production:  Approximately 2 tons/year by 2030

	
	
	Answer to specific info request 6:
a) Products using the substances are expected to be used in a wide range of applications, including semiconductor devices and displays. It is a critical additive to the base polymer in photosensitive adhesives. Estimated annual production will ramp up from a few pounds/year to approximately 2 tons/year by 2030. b) The substance has the following simultaneous performance requirements: It must be solvent-soluble, developer-soluble, transparent, and have appropriate dielectric properties. It is a critical additive to (and covalently crosslinks with) the base polymer in photosensitive adhesives. The required performance is essential for the manufacture of high-performance semiconductor devices and displays, and is an extremely important component for the semiconductor and display industries. c) It is estimated that companies in the field such as manufacturers of semiconductor devices and displays will be greatly affected by the inability to use the substances. d) There are currently no potential substitutes on the market. e) Development of the bis-diazirine chemical crosslinkers has taken more than four years, and R&D is underway on the development of non-fluorine based alternatives. However, at this time, no technically or economically replaceable substance has yet been developed, making the introduction of replacement substances particularly challenging. f) At the current time, there is no technologically and economically feasible alternative. g) The socioeconomic impact on companies, consumers, and other stakeholders is expected to make it difficult for electronics products such as smartwatches and smartphones to cope with the miniaturization of advanced functions. Based on the above, PFAS regulations should exempt these substances from this proposed restriction since there are no appropriate substitutes.

	
	
	Answer to specific info request 10:
See synthesis and NMR spectra for Compound 9 in the attached Non-confidential Document.
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	Answer to specific info request 6:
lithium-ion rechargeable battery electrode binders currently using PVDF polymers. Other none PFAS containing polymers may partially or completely replace PVDF binder for lithium-ion rechargeable battery applications. The replacement binder also enables green recycling of the lithium-ion batteries with no PFAS emission. Please refer to the peer-reviewed scientific publication on the alternative electrode binders:  Liu, Z. M.;  He, X.;  Fang, C.;  Camacho-Forero, L. E.;  Zhao, Y. Z.;  Fu, Y. B.;  Feng, J.;  Kostecki, R.;  Balbuena, P. B.;  Zhang, J. H.;  Lei, J. X.; Liu, G., Reversible Crosslinked Polymer Binder for Recyclable Lithium Sulfur Batteries with High Performance. Advanced Functional Materials 2020, 30 (36), 9.  Please also refer to the links for more information on this new technology:  https://www.forbes.com/sites/alanohnsman/2023/02/01/a-new-glue-could-make-lithium-ion-battery-recycling-cheaper---and-less-toxic/?sh=7f6ca4fd5da3  https://newscenter.lbl.gov/2023/02/01/an-easy-new-way-to-recycle-batteries-is-here/#:~:text=A%20battery%20made%20with%20Quick,the%20water%20and%20air%2Ddried.
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	General Comments:
Ninomiya Electric Wire Co., Ltd. supports the statement made by FCJ on the issues of proposed restriction, as per attached in Section IV. Ninomiya Electric Wire Co., Ltd. opposes the uniform limitation of fluoropolymer as PFAS. If fluoropolymer is limited as it is, there is no alternative material that can achieve heat resistance, chemical resistance, and high-performance electrical properties. Silicon rubber and PVC listed as alternative candidates are not performing well.
A case study of use of Ninomiya Electric Wire Co., Ltd. that could not be substituted is attached to IV.
As per attached in Section IV, the lack of fluoropolymer wires will face a serious crisis in the manufacture of semiconductor manufacturing equipment. Semiconductors cannot be manufactured without semiconductor manufacturing equipment. In other words, if fluoropolymer is restricted and cannot be used, it means semiconductors cannot be manufactured.
We fell into a crisis of semiconductor shortage due to the COVID-19. If fluoropolymer is restricted, in EU area, major confusion will be caused again like that.
Fluoropolymer is also used in a variety of fields other than the wire insulated by fluoropolymer we use. Limited fluoropolymer, that has a variety of negative consequences for BEV and hydrogen-utilizing The European Green Deal Investment Plan.
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A wide variety of PFAS-applied products on the market are closely related to the European Green Deal.
We believe that this proposal to regulate PFAS will have significant implications for the European Green Deal, which is targeted to be achieved by 2050.
In REACH, persistence is subject to risk assessment only when combined with bioaccumulation and in some cases with toxicity. However, this restriction proposal is based on persistence alone, which is not considered a hazard endpoint, as if all PFASs are hazardous. In addition, while exposure assessments should be made for each use by creating exposure scenarios, all PFASs are grouped together, so the assessment for each use is insufficient and does not indicate the existence of unacceptable risks as required by Article 68. Therefore, we believe that this proposal does not meet the requirements for a restriction proposal as required by REACH, and it is not appropriate to discuss a restriction.
In addition to the exclusion of fully degradable PFAS, we think risk of PFAS with potential to degrade (soil remediation potential) would not be “unacceptable risk” and the risk of each substance should be quantitatively assessed and discussed.
The current PFAS regulation will have a tremendous impact on the chemical industry, which provides materials for a wide variety of applications and products, and will affect not only the chemical industry but also the global supply chain.
Since PFAS-applied products cover a wide range, there is a high possibility of a situation that cannot be handled by testing laboratories that carry out tests to prove that PFAS is not contained in products.
In addition, for some PFAS, even analysis methods have not been established.
Furthermore, these tests require a great deal of time and new economic burdens, and many businesses are forced to give up their businesses, which may result in a large number of unemployed people.

	
	
	Answer to specific info request 1:
Foam blowing agents

	
	
	Answer to specific info request 7:
Fluorinated gases are highly safe substances in terms of toxicity and flammability, and are used in many applications due to their efficiency and cost. In particular, on-site foam polyurethane spray insulation exhibits excellent insulation performance, and fluorinated gas is indispensable for preventing fires during spraying work. Refference 1 shows that about 2% trifluoroacetic acid (TFA) is produced by the reaction of HFO-1233zd(E) with OH radicals in atmosphere. Reference 2 also reports that the evidence is clear and irrefutable that TFA occurs naturally in large quantities in the environment.Furthermore, according to references3 and 4, TFA which are of concern in the proposed regulations, actually pose a low risk of toxicity to living organisms and humans, even in the reports of the German and Norwegian environmental agencies that submitted this proposed regulation. In addition, according to Reference 5, HFO-1233zd(E) is negative in the OECD TG471 Ames test and negative in the OECD TG473 chromosome aberration test, so it is expected to have no mutagenicity.  The LC50 (rat) in the inhalation test was 120,000 ppm, and the NOAEC (No Observed Adverse Effect Concentration) in the OECD TG413 90-day repeated inhalation test was 4,000 ppm. The working environment exposure limit (WEEL) of 800 ppm (8 hours, TWA) was determined, and toxicity to humans is expected to be low. Further, Reference 6 reported that “UV-driven photodegradation of some of the compounds controlled by the Montreal Protocol (e.g., hydrofluorocarbons (HFCs))produce contaminants such as trifluoroacetic acid (TFA), but concentrations of these breakdown products in the environment are currently deemed too low to be a concern for human health or the environment."  Therefore, we request that fluorinated gas including HFO-1233zd(E) for this application be exempted from the application or given as a special exemption without a time limit.   Ref.1：Atmospheric Environment vol179, 2018, P250-259 https://doi.org/10.1016/j.atmosenv.2018.02.018 Ref.2：EFCTC summary publication Naturally Occurring TFA. https://www.fluorocarbons.org/wp-content/uploads/2020/08/EFCTC-TheEvidenceThatTFAoccursNaturally_A4.pdf Ref.3：German Environment Agency, Reducing chemical input into water bodies trifluoroacetate (TFA) as a persistent and mobile substance from many sources, 2021 Ref.4：Norwegian Environment Agency, Study on environmental and health effects of HFO refrigerants, 2017 Ref.5：Workplace Environmental Exposure Level (HCFO-1233zd(E)) https://tera.org/OARS/1233zdE%20HCFO%20OARS%20WEEL%20Public%20Comment.pdf Ref.6：Pages 8-9, Summary Update 2021 for Policymakers, UNEP Environmental Effects Assessment Panel Environmental Effects of Stratospheric Ozone Depletion, UV Radiation, and Interactions with Climate According to Volume 1: Progress Report published in May 2023 by the Technology and Economic Assessment Panel (TEAP), the technical and economic advisory body for the parties to the Montreal Protocol, points out " If mainstream uses of F-gases are limited in Europe, there could be broader implications for investment in HFOs and HCFOs going forward. " In addition, according to the "2022 Assessment Report" released by the FTOC (Flexible and Rigid Foams Technical Options Committee) reported that " Some European governments are consulting on the development of regulations related to per- and poly-fluoroalkyl substances (PFAS), the definition of which may or may not include Montreal Protocol controlled substances and their substitutes. This is creating uncertainty for industry regarding long-term availability of some alternatives. Some companies and other stakeholders have reported that they are delaying decisions regarding selection of alternatives with concerns about how some or all those fluorinated alternatives might be limited as a result of future regulations.”  Ref.1：TEAP Progress Report 2023 https://ozone.unep.org/system/files/documents/TEAP-May2023%20Progress%20Report.pdf Ref.2：FTOC 2022 Assessment Report https://ozone.unep.org/system/files/documents/FTOC-Assessment-Report-2022.pdf
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	Answer to specific info request 7:
We use various fluoropolymers such as Ethylene tetrafluoro ethylene (ETFE), Fluorinated ethylene propylene (FEP), Perfluoroalkoxy alkane (PFA) and Polytetrafluoroetylene (PTFE) as insulation and buffer materials for our cables.  Fluoropolymers are the only materials that simultaneously possess the excellent features listed in  1) to 5) above. 1) Wide operating temperature range  Fluoropolymers are the only materials that can operate in high-temperature environments of 250°C or higher.  It is the only material that can maintain elasticity in extremely cold environments of -100°C or lower.  2) Higher resistance to weather, chemicals, oil, and flame than other materials   Material with extremely low dielectric breakdown under exposure to ultraviolet rays and ionizing radiation. Extremely little mechanical deterioration due to corrosion from corrosive gases, acids/alkalis, organic solvents, and various types of oil. Corrosive gases, acids, alkalis, organic solvents, various oils, and other corrosives.  High oxygen index of 95% or higher, making it a material that is difficult to burn.  3) Combines lubricity, wear resistance, tensile strength, bending modulus and elongation not found in other materials. Coating materials that combine high tensile strength with high flexural modulus and elongation include alternative materials (silicone materials, polyether ether ketone (PEEK), mica, EPDM, polyvinyl chloride, polyethylene, ceramic based and one confidential polymer).  There are no alternative coating materials other than fluoropolymers, including alternative materials (Silicone materials, Polyether ether ketone (PEEK), mica, EPDM, Polyvinyl chloride, Polyethylene, ceramic based and one confidential polymer).  There are no alternative materials (silicone materials, Polyether ether ketone (PEEK), mica, EPDM, Polyvinyl chloride, Polyethylene, ceramic based and one confidential polymer). The material has water repellency, lubricity, abrasion resistance, and non-adhesiveness at the same time.  Fluoropolymers that combine these characteristics are necessary materials for long-life movable wires.  4) Extremely high voltage resistance and the lowest dielectric constant and dissipation factor among polymers  Lowest dielectric constant and dielectric loss tangent of any alternative material (silicone materials, polyether ether ketone (PEEK), mica, EPDM, polyvinyl chloride, polyethylene, ceramic based and one confidential polymer) The volume resistivity (>1018Ω-cm) is higher than that of alternative materials (silicone materials, polyether ether ketone (PEEK), mica, EPDM, polyvinyl chloride, polyethylene, ceramic based and one confidential polymer)  Lowest dielectric constant (2.1) and dissipation factor (2×10-4) among all polymers. It is an ideal material for high-speed transmission.  5) Thin-wall Formability Unmatched by Other Materials  High elongation allows for excellent thin-wall formability.  About cables for moving parts Cables for moving parts are used in a variety of equipment because they can supply power to the end of the equipment as sensor cables and motor power cables without breaking while the cable is moving. They are mainly used in industrial robots (e.g., articulated robots with multiple axes, scalar robots, and robots that move on XY stages). Industrial robots are required to be automated and highly precise in manufacturing production lines and are responsible for labor production shortages. Fluoropolymers used for cables for moving parts, as explained above, have a high volume resistivity and can reduce the insulation thickness, making it possible to make thinner cables while maintaining the insulation performance than cables using other insulation materials. Robots have been miniaturized in recent years, and cables are required to be moving parts with narrow wiring. Going forward, cables will continue to need to be made thinner. The only resin that can meet this requirement is fluoroplastic. If the cables are too thick, they cannot be routed inside the robot and the robot housing itself will become huge, and the motors to move them will also become larger and use more electricity. As a result, CO2 emissions will increase, worsening the global environment. Since ETFE, FEP, and PFA have high mechanical properties such as tensile strength, elongation, and hardness, the resin will not crack or break due to movement, and wires coated with ETFE, FEP, or PFA can be used as wires for moving parts. If wires made of other insulation materials are made to move, the insulation will crack and lose its insulating properties, making them unusable as wires for moving parts. In particular, FEP has a low dielectric constant and is a material that combines telecommunication characteristics such as attenuation and leakage with a small diameter. In terms of durability under movement, fluoropolymer-insulated conductors are 1.9 times more durable than PVC-insulated conductors and 1.2 times more durable than cross-linked polyethylene conductors. (See Appendix for test conditions and results.) PTFE is also an essential material for cables used in moving parts. PTFE (in tape form), which has a low coefficient of friction, is applied to the inside of the wire. By applying PTFE (in the form of tape) as a buffer between the wire core and the shield, it is possible to prevent the shaving of insulation by the metal shield that occurs when the cable is moved. PTFE also has a high elongation, so it is a material with no alternative that can withstand the violent movements caused by repeated movement and maintain cushioning protection without cracking.  Our Impact Even if we were to switch to an alternative material to PFAS, we would need to replace five extruders, and we would not be able to bear the cost of the equipment. Even if the company could bear the cost, it would take more than seven years to replace the equipment. Our cables for moving parts are designed and proposed in accordance with the operating conditions of each machine and robot, and are used not only in Japan but also throughout the world. We are a manufacturer that supplies approximately 10,000 types of cables for moving parts to the world, More than 90% of its products (cables for moving parts) are made of fluoroplastic. Fluoropolymers are indispensable to our company, and maintaining the same level of performance and sales with non-fluoropolymers is technically and economically unfeasible, and we can expect to be unable to maintain our 180 employees. In addition, it is easy to believe that it would put the entire society at risk of slowing down the pace of development of manufacturing. Based on the above, we advocate the continued use of ETFE, FEP, PFA, and PTFE.
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Many lubricants which include such PFASs as perfluoropolyethers (PFPEs), polytetrafluoroethylene (PTFE), and fluorinated additives have been applied to a lot of machinery and equipment for more than some decades to realize various requirements from industries and markets: safe functioning, safety of equipment, withstanding harsh conditions, a necessary service life, etc.
We think that this all-inclusive restriction proposal against PFASs is not appropriate to the lubricants and the industries as lubricant users. Our understanding about the lubricants under the restriction proposal is as follows: no alternatives to PFASs exist at present, there is a possibility that the alternatives won’t appear during and after the transition and derogation period, and the proposal doesn’t include any clauses of exemptions about the lubricants.
If the PFAS restriction without right care comes into force, the restriction probably disturbs and deteriorates various activities regarding the industries and markets. We also think that it is very difficult for PFAS-free lubricants to meet the various requirements from the industries and markets because non-PFAS materials don’t have the same properties as the PFAS substances.
Therefore, we submit our comments, technical views, and others with the PFAS-containing lubricants, especially greases. Japan Grease Institute already provided several comments for the annex XV restriction report. This will support and supplement theirs.
We hope that all comments and data will be helpful to you.

	
	
	Answer to specific info request 1:
We apply our comments to “Lubricants (Annex E.2.14.), Sector as a whole” in the table 9 of ANNEX XV RESTRICTION REPORT.

	
	
	Answer to specific info request 5:
We show several data in our confidential attachment. Please refer to the confidential attachment.

	
	
	Answer to specific info request 6:
a) We show some data in the confidential attachment. Please refer to the confidential attachment. b) We show key functionalities regarding PFASs and some relevant information in the confidential attachment. Please refer to the confidential attachment. g) This comment in this paragraph supplements the preceding paragraph b).  Grease techniques with the PFAS materials are one of the most sophisticated grease technologies at present. Since the techniques result from the excellent diverse and distinctive properties of PFASs, the non-PFAS substances without the same chemical and physical characteristics as PFASs can’t realize the techniques. In this above field, PFASs generally have notable characteristics to the industries and markets in comparison with the non-PFAS materials.  Therefore, except for cases applying the PFAS-containing greases with properties over required specifications to the machinery and equipment at present, we guess that the lack of the said techniques significantly impacts the appropriate motions and functions of the machinery and equipment using the above techniques and the various activities in the industries and markets.  Please refer to the confidential attachment.

	
	
	Answer to specific info request 7:
We agree about Japan Grease Institute’s comment to this topic. The PFAS-applied lubricants are like one of the symbols of “the end point of lubricant technology”. We can’t change PFASs to the PFAS-free materials about the lubricants because the technology using PFASs is currently very essential to the machinery and equipment and the non-PFAS alternatives don’t exist. Please refer to the confidential attachment.  The diverse and peculiar properties of the lubricants gained by PFASs can't be achieved by the non-PFAS substances because the non-PFAS substances don't have the same properties as PFASs.  Therefore, just before the end of "a transition period of 18 months and a 12-year derogation" for the lubricants in the table 9 of ANNEX XV RESTRICTION REPORT, p.138, in the event of no existence of any applicable PFAS-free lubricants and feasible mechanical countermeasures realizing non-PFAS lubrication and when the industries and markets have to avoid any loss, damage, and unsafe conditions resulting from the non-use of PFASs, the current restriction proposal of PFASs needs the following relief measures: 1) the derogation period can be renewed for successive derogation periods and/or 2) manufacturers, importers, and downstream users can manufacture, place on the market, and use the PFAS substances through an approval process after the transition and derogation period.

	
	
	Answer to specific info request 8:
We agree about Japan Grease Institute’s comment to this topic.  The industries and markets need to treat all applications under no alternative materials at present within the rule of the transition period of 18 months and the 12-year derogation for the lubricants in the table 9 of ANNEX XV RESTRICTION REPORT at least in order to maintain the various activities and avoid any loss, damage, and unsafe conditions resulting from the non-use of the PFAS-containing lubricants.  The PFAS-containing greases are not chosen by only whether harsh or non-harsh conditions. Being expensive, PFASs are generally applied to the greases in special cases as far as we know.
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	Answer to specific info request 1:
Electronics and semiconductors

	
	
	Answer to specific info request 7:
Section V Attachments Reference
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	Answer to specific info request 1:
Electronics and semiconductors

	
	
	Answer to specific info request 7:
Section V Attachments Reference
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	Answer to specific info request 1:
Electronics and semiconductors

	
	
	Answer to specific info request 7:
Section V Attachments Reference
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	Answer to specific info request 1:
Electronics and semiconductors

	
	
	Answer to specific info request 7:
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	Answer to specific info request 1:
Electronics and semiconductors
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	Answer to specific info request 1:
Medical devices (Annex E.2.9.); Metered Dose Inhalers

	
	
	Answer to specific info request 7:
Information provided on substitution potential and need for specific time-limited derogations.
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Privacy statement:
Test data
	General Comments:
-

	
	
	Answer to specific info request 1:
Electronics and semiconductors

	
	
	Answer to specific info request 7:
Section V Attachments Reference
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China
	General Comments:
On behalf of Inner Mongolia 3F Wanhao Fluorochemical Co., Ltd., we would like to extend greetings to the 5 countries proposing the ECHA and PFAS control draft. We have been making unremitting efforts to comply with domestic and international regulations, and continue to conduct strict self-review of products exported to the EU for compliance. We have long supported ambitious attempts by the EU to reduce the risks caused by toxic and hazardous substances and take practical measures in good faith to meet the requirements of EU chemicals regulations, including REACH.
Inner Mongolia 3F Wanhao Fluorochemical Co., Ltd. is a main polyvinylidene fluoride resin and fluorine rubber products enterprise. For polyvinylidene fluoride resin coatings, we use perfluoropolyether to achieve stable polymerization reaction, excellent product performance, with strong chemical corrosion resistance, strong weather resistance and other unique requirements. Since there is no viable alternative for this application, and even if the alternative is certified, complete elimination will take longer due to previous pipe residue, we request an unlimited time extension for this use application.
In this application, PFASs has the properties of repelling water and oil, heat resistance, chemical substances and non-absorption of light, and has been widely used in water repellents, surface treatment agents, emulsifiers, fire extinguishers, coatings, etc., as well as a wide range of industrial applications such as semiconductors, automotive and batteries. Many of these applications and uses are considered "essential applications." Specifically, the viscosity of PVDF has a great impact on the production, storage and construction of coatings, as well as the cost of coatings. Viscidity exorbitance will have a bad impact on production and construction, especially in the case of high leveling requirements in the construction, such as coil coating will be difficult to meet the requirements, it is too low viscosity to achieve the same factory viscosity index means the increase in solid content and the increase in cost. At present, the alternatives that exist in the market and the draft cannot be completely replaced.
Regarding this bill, we also have the following comments:
1.Summary, Introduction, page 1 of the text, two paragraphs:
Introduction
This Annex XV report addresses the risks to the environment and human health of the use of per- and polyfluoroalkyl substances (PFASs) and provides an assessment of the effectiveness, practicability, monitorability and socio-economic impacts of two  restriction options (ROs) under REACH as the most suitable risk management option (RMO) to address the identified risks.
PFASs are a group of thousands of mainly man-made substances that are used in numerous applications  in  the  EU.  These  applications  comprise  uses  in  textiles,  (food)  packaging, lubricants, refrigerants, electronics, construction and many more. The substances are used as  substances  on their own  (either  non-polymeric  or  polymeric)  and  as  constituents  in mixtures and (complex) articles for consumer, professional, and industrial uses.
The annex XV report deals with risks to the environment and human health of the use of perfluorinated and polyfluoroalkyl substances (PFASs). and provides an assessment of the effectiveness, practicability, monitorability and socio-economic impacts of two  restriction options (ROs) under REACH as the most suitable risk management option (RMO) to address the identified risks， and provides an assessment of the effectiveness, practicability, monitorability and socio-economic impacts of two  restriction options (ROs) under REACH as the most suitable risk management option (RMO) to address the identified risks.
PFASs are a group of thousands of mainly man-made substances that are used in numerous applications in the EU. These applications comprise uses in textiles, (food) packaging, lubricants, refrigerants, electronics, construction and many more. The substances are used as substances on their own (either non-polymeric or polymeric) and as constituents in mixtures and (complex) articles for consumer, professional, and industrial uses.
Opinion: This report mentions the risk, but what does risk specifically mean? What are the environmental and human health risks? There is no exact number of PFASs in the proposal, only thousands, is that 1,000, 2,000 or 10,000?  So each of these many substances carries the same risk? Can it be equated?
What does "composite" products mean? Products or composite products? For our PVDF, the whole process of suspension polymerization does not contain fluorine additives, and the final PVDF product is a product or a composite product? Without PFAS sources, how can PVDF be placed on the prohibited list?
2. Scope text page 2, paragraph 1, Restrictions text page 4, column 2:
Scope
The chemical scope of the restriction proposal is defined as: Any substance that contains at least one fully fluorinated methyl (CF3-) or methylene (-CF2-) carbon atom (without any H/Cl/Br/I attached to it). There are however a few exceptions (see para below).
Proposed restriction - Annex XVII entry PFASs (Restriction Option 2)
in a concentration of or above:
i.   25   ppb   for  any  PFAS  as  measured  with targeted   PFAS   analysis   (polymeric   PFASs excluded from quantification)
ii.   250  ppb for the sum  of PFASs measured as sum of targeted PFAS analysis, optionally with prior  degradation  of  precursors  (polymeric PFASs excluded from quantification)
iii.   50 ppm for PFASs (polymeric PFASs included). If  total  fluorine  exceeds   50  mg  F/kg  the manufacturer,  importer or downstream  user shall upon request provide to the enforcement authorities a proof for the fluorine measured as content of either PFASs or non-PFASs.
Opinion: The scope of chemicals in this restriction proposal is defined as follows: any substance containing at least one perfluoromethyl (CF3-) or methylene (-CF2-) carbon atom (without any H/Cl/Br/I attached to it). This definition is consistent with the OECD's PFASs definition, which was published in 2021.The definition has been carefully reviewed by the international scientific community and is already widely accepted. This definition covers more than 10,000 PFASs, including a small number of fully degradable PFAS subgroups. At present, there are only a few hundred known detection methods, which is far from 10,000. Since there are so many definitions, and we cannot know all the detection methods, how did the 10,000 methods come up? And the restriction in the second column of Restriction Option 2: Any PFAS determined by targeted PFAS analysis (polymerized PFASs) is 25 ppb. 250 ppb is the sum of PFASs, as the sum of the target PFAS analysis, it can be selected with the previous precursor degradation (polymer PFASs excluded from quantification). PFASs 50ppm (including polymer PFASs). If the total fluorine content exceeds 50 mg F/kg, manufacturers, importers and downstream users should provide a fluorine certificate as a PFASs and non-PFASs content measurement to law enforcement authorities upon request. Even the detection methods are not complete, how to ensure that the PFASs sum of more than 10,000 substances can be measured does not exceed 250ppb; In addition, it is a fluoropolymer, Can the total fluorine content not exceed 50 mg F/kg? Is it a contradiction?
3、Article and mixture manufacturing emissions，Text, page 40, paragraph 3
Application of fluoropolymer coatings, an important PFAS application method in many sectors, could lead to emissions from product manufacturing sites (Langberg et al., 2021). Although processes are likely closed, some PFAS (micropowder) emissions might occur that are not accounted for in ERCs. During the call for evidence and the 2nd stakeholder consultation, the amount of information received on emissions  related to article manufacturing was very limited. Based on US permit information, in PFAS paste extrusion lines, printing lines, melt extrusion lines and fuse lines there is potential to generate toxic thermal PFAS decomposition products. Emissions are not quantifiable as they are highly variable due to variations in e.g. oven temperature and line speed.  But emissions are likely. Therefore, the emissions calculated for product manufacturing using ERCs might be an underestimation.
Opinion: This paragraph proposes that fluoropolymer coatings are an important application method for PFAS in many fields, which may lead to emissions at the product manufacturing site(Langberg et al.，2021). Although the process may be closed, some emissions of PFAS (micro-powders) may occur in the erc with very limited emission information received during the call for evidence and the second stakeholder consultation in connection with the manufacture of the article.
The bill raised that fluoropolymer coatings could probably lead to emissions at product manufacturing sites. That's the word "probably". At present, there is no exact data to prove that fluoropolymer coatings will definitely cause PFAS emission and affect the environment, so we believe that fluoropolymer coatings are not completely PFAS emission, therefore, it is not possible to generically ban all fluoropolymer coatings.
4. Summary, Concern, page 1, first paragraph:
Concern
The main concern for all PFASs and/or their degradation products that are in the scope of this restriction proposal is the very high persistence, exceeding the criterion for very persistent (vP) according to Annex XIII of the REACH Regulation by far. PFASs and their degradation products may persist in the environment longer than any other man-made chemical. Further supporting concerns are their bioaccumulation, mobility,  long range transport potential (LRTP), accumulation in plants, global warming potential and (eco)toxicological effects. PFASs enter the environment via emissions during manufacture, the use phase, and the waste stage.
Opinion: The main concern for all PFASs and/or their degradation products within the scope of this proposed restriction is the very high persistence. Significantly exceeding the very persistent standards set out in Annex XIII of REACH (vP, very persistent). PFASs and their degradation products may persist in the environment longer than any other human-made chemical. Further supporting concerns are their bioaccumulation, mobility, long range transport potential, and accumulation in plants), global warming potential, (eco)toxicological effects. PFASs enter the environment via emissions during manufacture, the use phase, and the waste stage.
So what is the relationship between persistence and risk? Is persistence necessarily a risk? Is there reliable data to support it? Is fear a good enough reason for restriction? Do these substances all have these negative characteristics? Is the durability of all substances the same? Persistence is not sufficient to divide PFAS and assess human health risks. For example, perfluorinated propylene is defined as a PFAS substance, it is durable regard to the concerns mentioned above. However, according to our contact, when sampling perfluoropropylene for analysis, accidentally inserting a needle into the skin, as long as the blood is squeezed out, it has no impact on the body, and it has not been found to be persistent, which has a huge impact on our health.
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	General Comments:
see attachment

	
	
	Answer to specific info request 1:
see attachment

	
	
	Answer to specific info request 2:
see attachment

	
	
	Answer to specific info request 3:
see attachment

	
	
	Answer to specific info request 4:
see  attachment

	
	
	Answer to specific info request 5:
see attachment
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	General Comments:
We manufacture sealing parts for actuators that mainly use fluids, mainly hydraulic and pneumatic, and sell REACH-compliant products in the EU, we sell REACH compliant products within the EU. The applications range from public transportation such as automobiles, construction machinery, and railroads to various industrial components such as agricultural machinery, food machinery, and semiconductors, as well as control equipment for power plants, including nuclear power plants.
These industrial machines are used in the manufacture of all the essentials needed to support daily life in the modern world. Our sealing components are the parts that support the foundation of these industrial machines. Therefore, the impact on various social activities in general can be judged to be enormous.
　 It is therefore proposed that a permanent derogation or a permanent exemption be granted for this use case, referred to as ‘industrial automation components and equipment.'

	
	
	Answer to specific info request 1:
We manufacture and sells sealing parts for actuators that use mainly fluids, mainly hydraulic and pneumatic. Its applications range from public transportation such as automobiles, construction machinery, and railroads to various industrial parts such as agricultural machinery, food machinery, and semiconductors, as well as production plants such as steel mills and control equipment for power plants including nuclear power plants. Therefore, the impact on various social activities in general is enormous and difficult to deal with. In view of this, we request that permanent exemptions or exemptions be granted for all components.

	
	
	Answer to specific info request 2:
We have maintained ISO14001 certification since 2003 and are committed to fulfilling our social responsibility to the environment. These efforts include compliance with the revised RoHS Directive, and the "Revised RoHS Directive Compliance Regulations" have been issued and incorporated into the management system. 　All PTFE and fluorine rubber emitted during our manufacturing processes are disposed of appropriately in accordance with legal regulations and in a manner that is currently considered to have the least impact on the environment. In addition, since items shipped as products are used by organizations, not individuals, and since items such as automobiles are subject to disposal based on laws and regulations, we believe that disposal in accordance with laws and regulations is being properly implemented.

	
	
	Answer to specific info request 5:
We supply PTFE products as seals for power steering and gas dampers for automobiles. 　Chips emitted from cutting operations are properly collected by dust collectors, and environmental measurements confirm that there is no exposure to workers. In addition, materials spilled into the water during cleaning are separated in a sedimentation tank within the factory and disposed of appropriately as industrial waste.

	
	
	Answer to specific info request 6:
The missing use for PFAS is 'industrial automation components and equipment'. Sub-uses are almost unlimited. Restricting or inhibiting the supply of these "industrial automation components and equipment" will adversely affect the manufacturing and process industries in the European Union.  Fluoropolymers are often used in industrial applications such as the automotive, machinery and semiconductor industries. These polymers have been assessed as being of low concern (PTFE, FEP, PFA, and ETFE).  These polymers have proven to be chemically stable, non-toxic, non-bioavailable, non-water soluble and non-migratory. For these reasons, in addition to factors such as safety, energy consumption and service life, fluoropolymers are also approved as materials for food contact and medical technology. The use of fluoropolymers is highly relevant to the whole industry, as a wide range of components and equipment are used to manufacture industrial machinery across the European Union. This machinery is used in the manufacture of almost all the essentials needed to support the daily lives of modern society.  a.  I don't have information on this topic. b.  The main features of the PFAS materials used are their physical properties. Chemical resistance, temperature resistance and general mechanical properties uniquely provide the functionality required for many industrial automation components and equipment. Many applications in components and equipment cannot be satisfied by alternative materials, making corresponding industrial machinery and processes impossible. “Seals" (packing) are used in industrial machinery as sealing systems (sealing components) to prevent fluid leakage and intrusion of foreign substances from the outside. Since seals seal fluids, the materials used must have appropriate elasticity, so various elastomers and resin materials are used. In seals (packings) used under high-pressure conditions, seals tend to protrude from the overhang gap of sliding parts and are easily damaged. Therefore, "backup rings" are used in combination to fill the gap, thereby extending the life of the seal. Since the material of this backup ring must have adequate rigidity and elasticity, resin materials are mainly used. Fluorine rubber and PTFE, which are the subject of the proposed regulation, are used as important materials in the construction of various sealing systems, including hydraulic and pneumatic cylinders.　  【Fluorine rubber】 Fluorine rubber is used for seals that are used under high temperature conditions. Silicone rubber and HNBR are also available as rubber materials that can be used under high temperature conditions. However, silicone rubber and HNBR have significantly inferior mechanical strength and abrasion resistance compared to fluorine rubber, so they can be used for seals for fixed applications. Although it is possible, it is difficult to use silicone rubber, especially in reciprocating seals, so fluorine rubber is used instead.　 Furthermore, fluorine rubber is resistant to various fluids including acidic and alkaline solutions, so fluorine rubber is used not only under high-temperature conditions but also as a sealing material in environments with special fluids.  【PTFE】 PTFE is used as a back-up ring material as well as a sealing material because of its heat resistance and flexibility. PTFE is used as a material for backup rings as well as sealing materials. There are backup rings made of synthetic resins such as polyethylene and nylon, but these materials do not have any of the characteristics of PTFE, such as “heat resistance”, “flexibility”, and “low friction properties”. However, since it does not satisfy all requirements, it can only be used for limited purposes. Currently, it is difficult to establish an existing sealing system without a PTFE backup ring. c.  I don't have information on this topic. d. There are currently no known alternative materials to fluoropolymers used in the industry to manufacture components and equipment for industrial automation. Since the development of alternative materials that meet the usage conditions and environment of regulated fluorine rubber and PTFE is extremely difficult considering the history of material development, the grace period for application of regulations to fluorine rubber and PTFE has been extended. I think this should be a special measure with no time limit. e. f. g. I don't have information on this topic.
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	General Comments:
-

	
	
	Answer to specific info request 1:
Sector: Electronics, Household Industry, Uses: PTFE insulation of NTC in induction coils --> Use is not considered in restriction report. Therefore information are provided within point 3.6

	
	
	Answer to specific info request 6:
Description of use: Used in some induction coils of induction hobs. PTFE insulation is used for insulation of NTC-thermistor towards radiating heat from the ceramic glass during cooking. The NTC-thermistor is placed directly beneath the ceramic glass to detect temperatures, therefore high temperatures (above 250C°) occur. PTFE is used as insulation of NTC-wires and insulation sleeve around the NTC.  a) Approximately 1.000.000 parts will be sold per year in the future, for that approx. 100kg PTFE is used  b) Thermal stability to assure electrical insulation at recurring high temperatures. c) Wide range of B2B customers. PTFE insulation in induction coils is commonly used industry.  d) Alternatives are in general available and are used in other induction coil series. But a redesign of the induction coil is necessary. A simple switch to other induction coils series is not possible due to functional reasons. Other coil series are not able to provide the same power/performance level in the final application, hence this is a blocking point for a specific category of cooking hobs. Furthermore, is the alternative material/construction associated with higher costs per part. A transition period of 18months would be hardly sufficient due to lifecycle test, approbation (safety relevant) for various product types, change of production and especially clearing the supply chain towards the final customer.
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	General Comments:
-

	
	
	Answer to specific info request 1:
Sector: Electronics, Household Industry, Uses: FEP cable insulation in wiring of induction hobs --> Use is not considered in restriction report. Therefore information are provided within point 3.6

	
	
	Answer to specific info request 6:
FEP is used in Lin-Bus cable insulation in induction hobs. These cables connect touch controls with the generator. The cabling of touch controls goes near the induction coils. Due to the radiating heat from a pan/cooktop the operating temperatures require the use materials with high temperature resistance. Currently is technically assessed if alternative cable insulation are possible without negative effects on safety requirements. a) Approx. 4500km cable b) Heat resistance, mechanical strength, electrical insulation c) All customers of application d)  - Technical alternatives with different wire routing to reduce temperature may be an option, but does not work in all cases due electromagnetic compatibility (EMC). Other cabling would require other/more openings in the shielding plate between inductor and generator which would cause EMC problems. Substitution with other cable insulation material is being assessed. Possible options are silicon or glass fiber insulation, but depending on temperature resistance and approval requirements. Especially in US approval requirements are strict when it comes to flammability. e) see d) evaluation of technical availability is performed f)  A transition period of 18 months is not sufficient. As soon as alternative material is identified lifetime test take approx. one year. Afterwards approval must be granted by external agencies. If the new alternative material does not fulfill lifetime requirements or does not get an approval this procedure needs to start from the beginning. Some procedure may need to be done by our customers for the final application as well. Furthermore, the complete product portfolio (several assemblies/appliances) need to be changed and the complete supply chain need to cleared of FEP containing cable. In sum a transition period of 6.5 years EIF would be suitable.  Cost are difficult to calculate. First of all, implementation costs for change of material, lifetime test, approval, change of applications and drawings, etc. are going into several 100.000€. Furthermore, additional cost for alternative insulation material will occur. Costs are depending on used material. g) We are confident, that a substitution is possible but not within 18 months! A transition period of 18 months would bear a high risk that no suitable alternative can be found, tested and approved. Therefore sales of induction hobs would need to be stopped and already produced hobs would need to be destroyed. Furthermore would a restriction in EU also affect our business with countries outside the EU, when PFAS containing parts can't be used anymore. Therefore negative long-term effects on market position and return occur when companies outside the EU can deliver products but we are not able due to the PFAS restriction. Consequently also negative impact on workforce are to be expected.
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	General Comments:
We are manufacturers of earth movement machinery (non-road mobile machinery) which are working tools to help build the houses, offices, factories, roads, railways and bridges… that serve citizens.
We would like to make the following comments, related to our industry sector, on the restriction report:
The PFAS restriction proposal may call the fulfilment of the objectives of the Green Deal into question and, if applied as is, would drastically affect our sector’s supply chains, halting the manufacturing of our products. The PFAS restriction proposal, if brought into force as is, would put the placing on the Single Market and the export of construction equipment, manufactured in EU-based plants, in jeopardy for several years. Therefore, we call upon the European Commission to ultimately take the most proportionate measures to safeguard our industry whilst fulfilling the EU Green Deal.
As an interested party, we would like to submit the following recommendations to ECHA and the European Commission:
1. Anticipating that an 18-month transition period will be conducive to impeding our supply chains with durable and severe repercussions on the Single Market, in addition to putting at risk the EU Green Deal and its circularity objectives, we request ECHA to provide for transition periods of four to eight years in keeping with our industry’s specificities. On principle, applications of PFAS should be allowed until the full-scale availability of technically suitable, commercially viable and irrefutably safe alternatives can be demonstrated.
2. We call upon ECHA to level the playing field between industries that share supply chains and technologies and request ECHA to grant the construction equipment industry, at the very least, the same derogations for the applications of refrigerants as the ones granted to the automotive industry.
3. Similarly, we call upon ECHA to grant the construction equipment industry, at the very least, the same derogations for the use of PFAS in applications affecting the proper functioning related to its safety, its operators, workers/users, and goods in addition to proposing a 13.5-year derogation after entry into force.
4. We stand for an exclusion of fluoropolymers (including fluoroelastomers and polytetrafluoroethylene) from this restriction proposal or, at the very least, a 13.5-year derogation after entry into force for our essential fluoropolymers uses on O-rings, seals, coatings, hoses, clutch plates alongside brake friction disks. We invite ECHA to work on restrictions of high-risk PFAS instead of adopting the Dossier Submitters’ “one-ban-fits-all” approach.
5. In case of any fluoropolymers (including fluoroelastomers and polytetrafluoroethylene) restriction, we request a general 13.5-year derogation after entry into force for all other essential PFAS uses on O-rings, seals, coatings, hoses, clutch plates alongside brake friction disks.
6. Considering that the revision of REACh is likely to take years, we call upon the Commission to publish, at its earliest convenience, a Communication delineating the Essential Use concept and its methodology in future substance restrictions under REACh.
7. We stand for a cross-sector 13.5-year derogation after entry into force for uses of PFAS in Li-ion batteries.
8. Uses of PFAS in spare parts, remanufactured, refurbished, or second-hand products should benefit from a permanent derogation.

	
	
	Answer to specific info request 1:
The earth-moving machinery that we manufacture is a complex product group designed for harsh conditions and an extended service life, regularly over 20 years. The proposed ban on PFAS affects our production process as well as our products in multiple ways. Please find below the sectors and (sub-)uses to which our comment applies according to the sectors and (sub-)uses identified in the Annex XV restriction report (Table 9 & 2).  - Applications of fluorinated gases: refrigeration, air conditionning in non-road mobile machinery. - Transport: sealing and gaskets applications, combustion engine systems, coating and finishings. - Electronics & semi-conductors: wires and cables, coating, solvents, cleaning, electronic components - Energy sector: batteries - Lubricants: low viscosity lubricants, solid/dry-film lubrication, release agents, greases.

	
	
	Answer to specific info request 2:
We agree with Plastics Europe’s Fluoropolymers Product Group (FPG) who argued that concerns of persistence can be appropriately mitigated by regulating manufacturing and waste practices in lieu of a blanket ban[1].  Based on an industry-supported study, fluoropolymers should be differentiated from other PFAS as they meet the criteria to be classified as polymers of low concern due to their high molecular weight, narrow molecular weight distribution and negligible oligomer content in addition to their organic and inorganic leachability[2]. The study demonstrated that PTFE does not present any acute or sub-chronic systemic toxicity, irritation, sensitization, local toxicity on implementation, in vitro and in vivo genotoxicity, hemolysis, complement activation, or thrombogenicity.   It should be considered that in case of a non-derogation of spare parts/re-use/remanufacturing, recyclers might face a substantial increase of waste volumes from machinery and other products that can no longer be repaired adequately because of missing spare parts. This is jeopardising the objectives of the Green Deal.   [1] https://fluoropolymers.plasticseurope.org/application/files/8716/7991/0281/21_March_FPG_Statement_on_the_PFAS_REACH_restriction_report.pdf  [2] Henry BJ, Carlin JP, Hammerschmidt JA, Buck RC, Buxton LW, Fiedler H, Seed J, Hernandez O. A critical review of the application of polymer of low concern and regulatory criteria to fluoropolymers. Integr Environ Assess Manag. 2018 May;14(3):316-334. doi: 10.1002/ieam.4035. Epub 2018 Mar 30. PMID: 29424474.  [Accessible from: https://doi.org/10.1002/ieam.4035]

	
	
	Answer to specific info request 6:
REFRIGERANTS   Refrigerants, such as R-134a and R-1234yf, are used for heating, ventilation and air conditioning (HVAC) systems. The construction equipment industry utilizes refrigerants (containing PFAS) to fulfil various health, safety and ergonomic requirements to cool down operator stations. These fluorinated gases (especially R-1234yf) present non-corrosive and non-toxic characteristics with a low global warming potential (GWP), zero ozone depleting potential (ODP) and a low boiling point.  The EU regulatory framework already provides for the control and prevention of exposure, including leakage, in addition to requiring proper service personnel training. All currently available solutions are either intended to be banned or present an extreme risk to health and safety of the machine operator due to their flammability (e.g., ammonia, propane, and isobutane). First estimates by our industry foresee a 7-year timeframe needed to develop a commercially viable and available alternative. CO2-based air conditioning systems are being explored by the automotive industry, but the viability for production in the near future has not yet been demonstrated. For lack of drop-in substitutes for PFAS, our industry estimates that, upon identification of a suitable alternative, a 20 to 25-year timespan is needed to make any alternative substance operational across our complex supply chains. This alternative development process entails lengthy steps such as the revision of data collection and information exchange systems, training, formatting of information, testing, validation, and certification among others.   Air conditioning  Air-conditioning systems are vital to provide operators of construction machinery with a controlled temperature in the cabin, allowing them to operate machinery in a safe way without adverse effects to their health. There are currently no commercially viable alternatives meeting our HVAC system requirements. The continued usage of R134a or R1234yf is necessary. The derogation for those systems is crucial. Without derogation, our industry will have no choice but to place machines without air conditioning on the European Union market, which would be extremely detrimental to the health of operators. Therefore, the safe operations of the machine may be at risk due to an unhealthy and unsafe working environment.  Earth-moving machinery sales would be seriously impacted both in the EU and in non-EU countries, as most markets require air conditioning for their operators’ comfort and safety.  We stand for an extensive derogation period. As in most other sectors, engineering resources are scarce, hence the resources that will have to be mobilized to redevelop air-conditioning systems will adversely affect the development of battery-electric machines alongside other green transition technologies. Additionally, testing capacities of manufacturers and independent testing companies will be overloaded due to the new requirements which can result in unwanted delays in deliveries and in loss of business for the end user.  The usage of F-gases in the machinery is not only needed for HVAC, but also for cooling batteries and electrical cabinets in the larger battery-electric machines. This application needs to benefit from a similar derogation as well.   Lithium-ion batteries  In the context of the electrification of our industrial machinery, including construction equipment and with the ever-growing demand for long-lasting batteries, it has become apparent that certain fluoropolymers will be instrumental in facilitating this cross-sector transition to zero-emission technology.  The automotive industry as well as the construction equipment industry need lithium-ion (Li-ion) batteries for their electric vehicles and machines. This increased demand relies on gaskets for the electrodes of li-ion batteries. Certain corporate researchers surveyed the use of fluororesin made of PFA (Perfluoroalkoxy Copolymer), which is a co-polymer of PTFE, due to its electrolyte resistance, electrical insulation properties, climate resistance and low moisture permeability[3]. They found that PFA gaskets present a long-term reliability in the case of automotive Li-ion batteries.  It is noteworthy that the European Commission’s Joint Research Centre (JRC) recently released a study that acknowledges the importance of fluoropolymers in the supply chains of strategic technologies and sectors in the EU[4]. Regarding Li-ion battery technology, the JRC interestingly classified two fluorinated polymers, PVDF (Polyvinylidene Fluoride) and PTFE, as precursor materials for battery components and key intermediate materials to produce battery precursors (cf. p.243). Polytetrafluoroethylene and expanded polytetrafluoroethylene were also identified, among other PFAS, as materials for electrolysers, data transmission networks and robotics. In addition, another fluorinated polymer, optical fiber cladding material, was singled out as processed material for data transmission networks alongside data storage and servers.  [3] Liu J, Aoyama T, Tsuda H, Sukeagawa M. Long-term reliability evaluation of fluororesin gasket for electrode of automotive lithium-ion battery using simulation. COUPLED VIII : proceedings of the VIII International Conference on Computational Methods for Coupled Problems in Science and Engineering [Internet]. CIMNE; 2019. p. 269–79. [Accessible from: https://upcommons.upc.edu/handle/2117/190005]  [4] Carrara, S., Bobba, S., Blagoeva, D., Alves Dias, P., Cavalli, A., Georgitzikis, K., Grohol, M., Itul, A., Kuzov, T., Latunussa, C., Lyons, L., Malano, G., Maury, T., Prior Arce, A., Somers, J., Telsnig, T., Veeh, C., Wittmer, D., Black, C., Pennington, D. and Christou, M., Supply chain analysis and material demand forecast in strategic technologies and sectors in the EU – A foresight study, Publications Office of the European Union, Luxembourg, 2023, doi:10.2760/334074, JRC132889. [Accessible from: https://op.europa.eu/en/publication-detail/-/publication/9e17a3c2-c48f-11ed-a05c-01aa75ed71a1/language-en]    SEALINGS   PFAS used: Fluoroelastomers : FKM - FMVQ - FFKM ; Fluoroplastics : PTFE - PFA - PVDF - ECTFE – PCTFE  Key functionalities: chemical inertness, friction properties and resistance to a wide range of temperatures, so Fluorocarbon-based fluoroelastomers, such as FKM products, are used within systems with upper usage limit around 230-250°C, depending on the sealing material applied and which require strong (chemical) resistance.  O-Rings  FKM is the preferred method for sealing a wide range of fluids and gases. O-Rings are relatively low cost, durable and serviceable and are therefore used extensively in our products. As the complexity of products has increased, O-Rings have also had to adapt particularly in their physical characteristics considering pressure, temperature and chemical resistance. As an example, due to the addition of emissions reduction technologies, temperatures in and around engines and their ancillary components have significantly increased and, as a result, the requested target life for seals has increased accordingly. This has driven most manufacturers to transition to FKM over the years. If manufacturers were required to replace those seals with others made of inferior materials, there would be a drastic reduction in durability. Customers would be obliged to replace and rebuild at much lower hours, drastically increasing the workload for technicians and creating additional waste. There is no alternative polymer that has equivalent performance and durability on the market.  Alternatives:  PEEK, HDPE and PA have been identified for specific uses but are not suitable for every application, due to inferior performance. PEEK is significantly more expensive and is not a viable alternative for many applications.  Substitution of PTFE and fluoroelastomers in static seals: Metal seals can be used in rare cases and are not suitable for many uses, notably for pressure equipment and long-term performance, because of inferior tightness performances that can conduct to leakages with risks of environmental pollution.  Substitution of fluoroelastomers: No substitution solution for applications requiring resistance to extreme temperatures has been identified. More generally, applications requiring a combination of several PFAS properties do not appear to be substitutable.  Depending on the application and system conditions, an FKM-based O-ring could have a functional performance life from 10 to 100 times longer than an NBR- or EPDM-based O-ring, which are currently the best performing non-PFAS replacement material. With the average life of a machine being 10k-40k hours, the lifecycle reduction has a significant impact on cost and waste produced.   Viton™ seals  The widely used Viton™ seals are made of Fluorine Latex (‘Kautschuk’) Material (FKM), which is a fluorocarbon-based fluoroelastomer. The closest material, in terms of temperature and chemical resistance, which is not a PFAS, is AEM/ACM, which has ~75°C less temperature resistance and a ~20% weaker oil resistance proving it to be not suitable for the harsh applications in construction equipment. It has become apparent that there are no viable alternatives available today. Any restriction on the use of FKM as a material will result in significantly reduced seal lifetime and higher risk of leaks.   Press-in-Place Seals  Most of these seals are FKM for the same reasons as FKM used for O-rings.   Fuel Systems  FKM is a recommended seal material in diesel and biodiesel fuels. As well as the other properties noted, FKM is able to better withstand degradation from exposure to fuel and this is particularly true of the more recent biodiesel blends which are favoured where decarbonization is being implemented. Other materials swell significantly and most, if not all, manufacturers switched exclusively to FKM in fuel systems over 20 years ago.   Water Seals  Water seals are used to seal the coolant passages on engine blocks. These are typically coolant resistant FKM (CR-FKM). This material is the only available option because the application requires a coolant resistant material that can also withstand high ambient temperatures (from the cylinder).   Liner Seals  Manufacturers use FKM and CR-FKM on cylinder liner seals as well. The upper liner (or filler bands) are typically CR-FKM, because they are exposed to high temperatures and seal coolant from the bottom side of the seal.   Shaft Seals  Some rotating shaft seals are also made of FKM because of the need for high temperature resistance.  Crankshaft Seals  These seals use a PTFE wafer as the main sealing lip on the crankshaft. To our knowledge, most if not all engine models use this type of sealing technology. There may be a few other types of crankshaft seals that do not use PTFE, but it would be a massive undertaking to design all new crank seals if PTFE would be banned.   Reciprocating Seal Rings  There is a family of PTFE rectangular shaped seal rings that are used with rubber energizers to seal reciprocating joints. PTFE is used because of its low friction properties.   Lip Seals Coatings  There is a family of machined lip seals made from PTFE billets that are used in brakes and transmissions as reciprocating seals again because of the low friction properties.  A large percentage of highly durable O-rings (and most of the very high-volume STOR/ORFS O-rings) are coated with PTFE. This is done to reduce the friction when the O-ring is installed into the joint.   FRICTION APPLICATIONS  PFAS used: PTFE, PVDF, PCTFE, ETFE, FEP, THE-EFP, PVDF-HFP  Key functionalities: Tribological properties (coefficient of friction, pressure-velocity limit, abrasion resistance and abrasion volume), extreme temperature and acids resistance, surfactants, improved resistance, antistatic agent, non-stick, resistance to aggressive chemical fluids and extreme temperatures fire resistance, anti-corrosion, insulation, non-wettability.   Alternatives: No alternative solution has yet been identified. Most of the documents studied address the use of PFASs without focusing on the alternative materials that would meet the specifications of each sector.  Substituting nickel PTFE seems impossible at this time. More generally, applications requiring a combination of several PFAS properties do not appear to be substitutable. In addition, solutions based on brass (with lead content) cannot be deployed or in a limited way because already regulated under the REACH and RoHS regulations.Substitution of PTFE for friction bearings: PEEK and PA are not satisfactory.  Clutch Disks  Friction disks for transmissions commonly use FKM compounds. FKM is preferred over other polymers, such as NBR, because of its superior temperature resistance.  PFAS is used in a proprietary compound in high energy transmission clutch plates, and brake friction disc packs (e.g., large mining equipment) due to the high temperature requirements and cycles these systems face. Any known substitute would decrease the current life of the friction discs by 75%. Switching to this material will cause a redesign of transmission controls, cooling systems and recertifying brake systems.  A new/replacement compound would reduce the life of the clutch, and friction disc plates by 75% which will require three additional replacements of the plates during the service life of the machines transmission and braking systems.   LUBRICANTS  PFAS used: Fluoropolymers (notably PFPE), HFE, perfluoroalkyl ethers/alkanes, n:2 FTO, PTFE as additive, perfluoroether Key functionalities of PFPE : resistance to extreme temperatures and harsh chemical conditions, very good oxidation stability, compatibility with oxidizing gases applications. Alternatives: Substitution in perfluoropolyether-based lubricants: Research is underway into new types of lubricant, such as those based on vegetable oils or ionic liquids. Other lubricants on the market are based on mineral oils, silicones, polyol esters or poly-alkylene glycol. However, the performance of these different solutions is inferior to that of PFPE. None of the existing alternatives is efficient as PFPE lubricants. Ionic solutions are still at an early stage of research at the moment.   GENERAL COMMENT ON PROPOSED 18-MONTH TRANSITION PERIOD   In view of the amplitude of this restriction proposal, a transition period longer than the proposed 18-month timespan would enable the construction equipment industry to continue developing sustainable substitutions, placing safe and durable products on the market and, ultimately, reducing waste generation. As recently proposed by Orgalim1, representing Europe’s technology industries, transition periods of four to eight years after entry into force would facilitate transition and mitigate possible socioeconomic impacts.

	
	
	Answer to specific info request 7:
We would like to highlight the necessity of a permanent derogation on essential uses of PFAS in spare parts, remanufactured, refurbished, or second-hand products:  a) Spare parts  All our products have extended lifecycles, regularly over 20 years. This longevity is key in the purchasing decisions of our customers, and we have extensive spare parts and service networks that have been developed over many years to foster repair of products. Spare parts constitute an important area of our industry and without a spare part derogation, this will adversely affect both our business in Europe, including loss of full-time equivalents (FTEs), and the possibility to simply and quickly repair machines already on the market. It would be impossible for us to develop and supply full component assemblies including alternative sealing technologies (even if they would be available) for these older machines that today would be repaired through the relatively simple replacement of a seal or O-ring. Our machines today work in many applications including civil construction, mining of essential minerals, infrastructure and waste treatment. If the users of our machinery are deprived of spare parts to maintain their equipment, the impact on their business would be detrimental.  With an extensive prohibition of PFAS, and in the absence of drop-in alternatives without PFAS, the ‘end-of-life’ of construction equipment will be fast-tracked and its servicing, repair, and maintenance will be put in jeopardy.  Remanufacturing, refurbishing, servicing, maintenance, and repairs are instrumental in the EU Green Deal and circular economy.   b) Remanufactured, refurbished, or second-hand products  In the context of the inter-institutional negotiations on the Proposal for Ecodesign for Sustainable Products Regulation (ESPR) and notably the negotiations between the European Union and India on a future trade agreement, the PFAS restriction proposal is at odds with the remanufacturing, refurbishment, and wider incentives for circular economy that the European Commission has been developing over the last few years. As an exemplification of this policy direction, the Commission tabled a Proposal for a Directive on common rules promoting the repair of goods earlier this year. If adopted, this directive would apply to the repair of goods purchased by consumers in the event of a defect of the goods that occurs or becomes apparent outside the liability of the seller.  The consequences of a PFAS prohibition on the aftermarket across industries should not be underestimated. Given that many engines would have to be withdrawn from the market, the supply of second-hand products would severely shrink and thereby incentivize the disposal of products. The coherence of the EU regulatory framework would thus be undermined. In addition, the socio-economic costs of engine and other products shortages should not be downplayed. The subsequent price increases of products, usually subject to remanufacturing and refurbishment and placed on the aftermarket, will further highlight the negative effects of this PFAS restriction proposal.

	
	
	Answer to specific info request 8:
See our answer to point 7
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	Answer to specific info request 1:
Please see the attached document.

	
	
	Answer to specific info request 2:
Please see the attached document.

	
	
	Answer to specific info request 3:
Please see the attached document.

	
	
	Answer to specific info request 4:
Please see the attached document.
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Please see the attached document.
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Please see the attached document.
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Please see the attached document.

	
	
	Answer to specific info request 9:
Please see the attached document.
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	General Comments:
We are a manufacturer of medical devices and care for the wellbeing of our patients in every aspect. This covers our direct role as a provider of instruments and products to facilitate diagnostics and therapy. But also as part of the society and individual citizens we care for the environment and are concerned about chemicals accumulating in nature and humans. As medical device manufacturers we are part of an industry with long and complex supply chains. From what we know it is very likely that among the many parts we purchase from our direct suppliers there are parts that either contain PFAS or where PFAS are involved during the manufacturing process.
During the consultation period it was not possible for us to perform a complete and thorough analysis, which of our parts and components would be affected by a potential ban of PFAS. We as a small enterprise, order very low volumes of materials compared to consumer product companies or the automotive industry, but nevertheless require high quality products and many proofs for regulatory purposes. This results in a very low impact and priority with our suppliers. As a manufacturer we do not purchase PFAS directly. As the knowledge which parts, components or processes involve PFAS often is not available at our direct supplier but is only available further upstream in the supply chain, gathering information is a time consuming and sometimes futile endeavor. This absence of support is hard to show as supporting evidence.
Publicly available information show that metal parts (e.g. with friction reduction surface treatment), certain polymer parts or electronics containing PTFE, PVDF, PFA or PFPE or using these polymers during manufacturing would be subject to the ban. This will result in major efforts to replace these materials, while even the major chemical companies do not provide or promise replacement materials in the foreseeable future. Even when those would be available at some point in the future the effort to introduce the replacement within engineering is calculated by us to be 2 to 3 years with further 3 years to validate their application in medical devices. The necessary change control and gathering of clinical data is strongly enforced by the notified bodies following EU regulation. As there are presently no replacement materials available the cost of engineering and validation cannot be calculated to be presented as supporting evidence.
It is very likely that following a PFAS ban as planned many of the medical devices listed below under “1 Sectors and (sub-)uses” will be discontinued and be no longer available for patients benefit. Even with the maximum derogation time a timely replacement of PFAS and uninterrupted availability is far from sure.
For us as an SME medical device manufacturer it is impossible to give detailed substantiated information on the alternatives and efforts needed after a complete ban of PFAS. However, the very likely consequence will be a discontinuation of medical devices that are in daily use all over Europe!



	
	
	Answer to specific info request 1:
Sector: Medical devices (Annex E.2.9.)  We request that  - MR diagnostic incubator system - neonatal coils (head and body) be newly added to derogation as missing use. Our company is where MRI meets neonatology. The globally unique MR diagnostic incubator system allows newborns and premature babies to be transported from the pediatric intensive care unit directly to the MR room. There they are examined using optimal, non-invasive magnetic resonance imaging. The baby is protected throughout the entire transport and examination in the life-sustaining MR incubator, which also constantly controls the temperature and humidity. In the past, it was almost impossible to examine premature babies using MRI. As a rule, they rely on the special protection of an incubator and should not leave it. With the MR diagnostic incubator system, this gap in pediatric radiology could be closed. The child is already placed in the neonatal intensive care unit with the appropriate coil in the MR incubator - the time-consuming and stressful repositioning in radiology is no longer necessary. During the entire examination, the patient lies protected in the MR incubator and is looked after by the neonatologist during the examination. The advantage of the MR incubator is that almost the entire body can be scanned using different coil combinations. After the measurement, the radiologist evaluates the MRI images together with the pediatrician and can thus immediately initiate further measures.

	
	
	Answer to specific info request 6:
As already stated in the general comments, the medical devices listed under 1. Sectors and (sub-)uses are very likely affected by a PFAS ban, as they consist of parts and materials listed in many other sectors covered in the Restriction Report e.g. electronics or coated metal parts.  Missing these products will very likely lead to a discontinuation of the listed medical devices after a PFAS ban. Even when replacement materials for these parts and materials would be available at some point during a derogation period, we as a medical device manufacturer would have only the remaining time of said derogation period to engineer and validate the use within our medical devices. The current enforcement of the medical device regulation is very clear regarding the necessary proofs.  We therefore request the exemption or at least the maximum derogation period of 12 years for the products listed under 1. Sectors and (sub-)uses on the basis of the negative impact on patient care if said medical devices would be no longer available due to the non- availability of necessary pre-products and the time-consuming revalidation after technical changes.
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	General Comments:
The following comment is provided as text in the specific form fields and as attachment for better reading.

	
	
	Answer to specific info request 1:
Sector: Metal plating and manufacture of metal products Sub-use: Hard chrome plating

	
	
	Answer to specific info request 7:
The use of PFAS as fume suppressant is marked for reconsideration after the consultation. With this comment we would like to strengthen the justification for the derogation as we consider that there is not a technically and economically feasible alternative to the use of PFAS as fume suppressant in hard chrome plating.  It is crucial to note that PFAS are used in very limited quantity, nonetheless they are essential for the protection of both workers' health and the environment. The following data provide further support for our argument.  ---  a) Annual Tonnage and Emissions of PFAS In consideration of the PFAS draft regulation for its use as a fume suppressant in hard chrome plating, we offer the following estimates based on available data:  1. Annual Tonnage of PFAS use: The annual usage in Europe of PFASs substance is estimated between 6 and 9 metric tons. This figure represents the total quantity of PFAS utilized across all European companies engaged in hard chrome plating. This estimation is calculated as following:  1.1. The specific usage of PFAS substance on unit of chromium trioxide consumed (used tons of PFAS on used tons of chromium trioxide), has been derived from the real world usage data from hard chrome facilities. The specific usage of PFAS ranges between 0,0010 and 0,0015 tons/tons of used chromium trioxide.  1.2. The European annual usage of PFAS has been calculated multiplying the specific usage of PFAS by the estimated annual usage of chromium trioxide as estimated for Europe by the CTACSub authorization documents of hard chrome use (6.000 tons per year). Even though this data originates from a 2015 document, due to the market remaining relatively unchanged, the estimated annual usage of chromium trioxide, which is about 6.000 tons per year, is still considered valid as of 2023.  2. Emissions of PFAS are categorized as follows:  2.1. Water Emissions: The quantity of water emissions varies depending on whether the company employs a closed-loop water system or not. For companies not using a closed-loop water system, PFAS emissions typically occur as a byproduct of the plating process, where the drag-out from the plating tank flows into the rinsing tank, and then through the company's wastewater physio-chemical treatment plant. Here, if activated carbon is used, some of the PFAS will be adsorbed by the carbon and will eventually be treated externally as waste. If no activated carbon is used, PFAS will be discharged into the sewage system. Usually, due to the specifics of the process, most of hard chromium plating shops adopts a closed-loop water system with no waste water emissions.   2.2. Waste Emissions: Waste emissions also differ based on the water system employed by the company. Here are the main types of waste emissions: 2.2.1. Exhausted Concentrated Rinsing Water: Following the plating process, parts that have been coated with a chrome plating electrolyte containing PFAS are rinsed in a non-renewing water bath. Once this rinsing bath reaches its capacity and becomes exhausted, it is handled as waste and sent to external waste treatment facilities. This solution is usually concentrated before disposing to reduce its volume and minimize waste. 2.2.2. Eluate from Deionized Water Resins regeneration: In companies using a closed-loop water system, the rinsing water containing PFAS is treated by DI resin, typically preceded by an activated carbon treatment. This is because the presence of organic pollutants can compromise the efficiency and regenerability of ion exchange resins, hence the use of activated carbon. If activated carbon is not used, PFAS is captured by the DI resin. The spent DI resin may be treated within the plant or externally. However, the eluate containing the PFAS will become waste and treated externally. 2.2.3. Carbon used for Absorption: When activated carbon is used (in either type of water system), it will absorb PFAS. This spent carbon is usually disposed of as waste and generally incinerated, a process that destroys the PFAS, thereby helping to reduce the environmental impact. 2.2.4. Spent Bath: These wastes, which contain PFAS, result from the disposal of spent hard chrome plating baths. The frequency of the disposal, that may be total or partial, of the bath is very low, usually ranging from 3 to 10 years. The disposal depends on the accumulation of pollutants of the plating bath during the plating operation. The spent baths are disposed to authorized waste treatment facilities.  ---  b) Key Functionalities Provided by PFAS: PFAS plays an essential role as a fume suppressant in hard chrome plating primarily due to its ability to reduce surface tension. This characteristic significantly curtails aerosol emissions during the plating process, enhancing both worker safety and environmental protection. PFAS based fume suppressants have been used in hard chromium plating for more than twenty years and the management of this kind of suppressants is easy and well established. A critical aspect to highlight is that PFAS surfactants are the only known surfactants capable of withstanding oxidation by chromic acid, a common constituent in hard chrome plating solutions. This unique resistance allows PFAS to maintain its effectiveness over time, unlike other surfactants which would degrade in such conditions. The use of other surfactants that degrade under such conditions could pose unacceptable risks to workers as they could fail to adequately suppress fumes, leading to potential health hazards due to increased aerosol exposure. Therefore, PFAS surfactants provide a reliable, long-lasting solution for aerosol suppression in hard chrome plating processes. This unique characteristic, is the primary reason for its widespread use within the industry.  ---  c) Number of Companies Affected: Current data indicates that at least 650 European companies involved in hard chrome plating, which utilize chromium trioxide and likely PFAS-based fume suppressants, could face potential operational disruptions due to any future limitations on PFAS use. This data is primarily derived from companies that have either notified their use of chromium trioxide for hard chrome plating or obtained their own authorization for the same.  ---  d) Availability, Technical and Economic Feasibility, Hazards, and Risks of Alternatives: Currently, alternatives to PFAS as a fume suppressant in hard chrome plating are extremely limited in the market. There is only one known supplier who has developed a potential alternative using non-fluorinated surfactants. However, while this alternative does exist and is utilized to some extent, it has not been extensively tested and it’s still in the early stages of adoption. This potential alternative also presents technical challenges and potential risks. Accurate and constant monitoring is required for effective use, which may not be feasible for all companies given their resources, expertise, or the scale of their operations. Moreover, it has been reported that maintaining adequate worker protection is challenging due to the complicated operation of control and replenishment necessary for this alternative. Given the current state of development and the challenges presented by the sole potential alternative, it's anticipated that there could be significant shortages in the supply of effective alternatives if a restriction on PFAS use were to be implemented in the short term. Further research and development are needed before a technically and economically feasible alternative with comparable efficacy to PFAS could be widely available and adopted.  ---  e) Status of R&D Processes for Finding Suitable Alternatives: Most of the companies operating within the European hard chrome plating industry are SME enterprises, meaning their resources to explore and develop alternative substances to PFAS are significantly limited. Currently, our understanding regarding the progress of R&D activities in the sector to identify viable alternatives to PFAS in hard chrome plating is quite restricted. The scale of these R&D initiatives, in terms of duration and financial commitments, remains unclear. Similarly, projected timelines for introducing substitutes, inclusive of acquiring any requisite certifications or regulatory approvals, have yet to be defined. In conclusion, it's evident that a substantial amount of work is still required in the exploration and incorporation of PFAS alternatives within the hard chrome plating industry.  ---  f and g) Substitution technically and economically feasible The following sections, namely (f) and (g), are designed to address two distinct scenarios relating to the potential substitution of PFAS in hard chrome plating. Scenario (f) explores cases where substitution is technically and economically feasible, but more time is needed for the transition. In contrast, scenario (g) considers cases where substitution is not technically or economically feasible. It is important to note, however, that at present, while there is an existing alternative to PFAS, it is not extensively adopted and its feasibility is not yet conclusively proven, as stated before. Furthermore, it remains uncertain whether other alternatives will emerge in the near future. The complex nature of this situation necessitates a comprehensive approach to addressing the matter, which is why both scenarios are detailed below.  ---  f) For cases in which substitution is technically and economically feasible but more time is required to substitute:  f1) Type and Magnitude of Costs Associated with Substitution: Providing an accurate estimation of the costs associated with replacing PFAS with the currently available alternatives is complex at the moment, especially considering that there is only one known supplier of this alternative. This monopolistic scenario could create potential price and supply chain risks. It's only after the alternative has been completely developed, commercialized, and competition introduced in the market, that we'll be able to make a more precise assessment of the initial implementation costs, ongoing operating costs, and market dynamics.  f2) Time Required for Completing the Substitution Process: Our best estimate for the total time required to replace PFAS, which includes all necessary testing, implementation, validation, and obtaining necessary regulatory approvals, ranges from 4 to 10 years. It is important to note, however, that this is an estimate and the actual timeline could vary significantly depending on various factors including market conditions, the progress of research and development efforts, and regulatory processes. Moreover, it is crucial to acknowledge the inherent uncertainty in this process, as there is always a possibility that a technically and economically viable alternative may not be found.  f3) Possible Differences in Functionality and Consequences for Downstream Users and Consumers: A paramount concern regarding the potential replacement of PFAS is its impact on worker safety and environmental protection. PFAS plays a crucial role in suppressing aerosols of chromic acid, which significantly reduces exposure risks for workers and also limits emissions into the environment. Any alternative that is less effective at suppressing aerosols could potentially increase workplace health hazards and environmental risks. Therefore, the presence of PFAS not only serves as a safety measure for the workers but also acts as a critical control to minimize environmental contamination. This highlights the importance of comprehensive testing and validation of any proposed alternatives to ensure they can provide the same level of worker protection and environmental safety. Furthermore, it's crucial to note that if an alternative doesn't offer an equivalent level of safety, or introduces different exposure scenarios, it will invalidate the current authorization for the use of chromium trioxide under the REACH regulation. Such a development could necessitate the suspension of plating production, leading to significant implications for the sector. Moreover, implementing a closed system with Local Exhaust Ventilation (LEV) using no fume suppressant is not a viable alternative either. Although this approach might seem to address worker safety concerns, it will lead to increased emissions to environment, posing higher risks to the air and the overall environment. Hence, any substitution must consider both human safety and environmental impact to ensure sustainable operations.  f4) Benefits for Alternative Providers: At this point, the potential benefits for providers of PFAS alternatives are uncertain and may depend on various factors such as market demand, pricing, and regulatory developments. Furthermore, the fact that there is only one known alternative supplier creates a challenge to the alternative providers market, since the existence of a monopoly offers no competitive advantage. More study and market analysis are required to gain a comprehensive understanding of this aspect.  ---  g) For cases in which substitution is not technically or economically feasible, information on what the socio-economic impacts would be for companies, consumers, and other affected actors:  g1) Impact on Companies: If substitution of PFAS is not technically or economically feasible, the potential socio-economic impacts on companies within the hard chrome plating sector would be considerable. The use of chromium trioxide, a key element in this sector, is subject to authorization under the REACH regulation. This authorization depends on an assessment of the chemical risks associated with its use, which is significantly minimized by PFAS fume suppressants. The inability to find a viable alternative to PFAS will increase the risk to workers, will invalidating the authorization. In such a scenario, companies may be forced to cease operations, leading to severe socio-economic implications, including job losses and impacts on related industries.  g2) Impact on Consumers and Other Affected Actors: The ramifications would be equally significant for consumers and other stakeholders. Hard chrome plating is a crucial surface treatment for a wide range of applications, which currently lack viable alternatives. If operations were to cease due to a lack of a feasible PFAS substitute, it could considerably impact European industry and consumers, potentially leading to a decrease in product availability and an increase in costs.  g3) Annual Value of EU Sales, Profits of the Relevant Sector, and Employment Numbers: The inability to find a viable alternative to PFAS as a fume suppressant, leading to the invalidation of the authorization for the use of chromium trioxide for hard chrome plating, can have extensive social and economic impacts. These impacts are multi-tiered, affecting suppliers of chromium trioxide, hard chrome platers, various industries that rely on hard chrome plating, and ultimately the customers. Economic Impact: The following data are taken from the Socio-economic Analysis carried out by the Chromium Trioxide Authorization Consortium (CTAC) , and annexed to the Application for Authorisation for Use 2, functional chrome plating, submitted by the CTACSub . Economic impact on suppliers of chromium trioxide. If hard chrome plating were to be discontinued, the expenses for raw materials, including chromium trioxide, and energy would plummet, leading to an estimated loss of €648.72 million, considering the NPV of future expenses over 12 years. Economic Impact on Hard Chrome Platers: The direct impact on hard chrome platers would be severe. With at least 23,205 employees potentially losing their jobs, the sector could face a severe downturn. The estimated loss, considering the NPV of future payments of wages over 12 years, is a staggering €7,939 million. Economic Impact on Industrial Companies Using Chrome Plating: The hard chrome plating sector underpins many other industries, including automotive, aerospace, defense, and heavy machinery. If hard chrome plating were to cease, these industries could face significant disruption, potentially causing job losses, production delays, and cost increases. Economic Impact on Customers: Customers may face the repercussions of these changes in the form of decreased product availability and increased costs. These impacts could affect product affordability and availability, leading to reduced consumer choice and potentially higher prices. Wider Economic Impacts: Beyond these direct impacts, there would also be broader economic implications, including a reduction in taxes paid by affected sectors, adverse impacts on economic development as the European supply chain for surfaces treated with chromium trioxide relocates to non-EEA countries, and potential quality and security concerns associated with increased dependency on imported parts and components treated with chromium trioxide.
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	Answer to specific info request 1:
Please refer to the confidential attachment in section V.

	
	
	Answer to specific info request 2:
Please refer to the confidential attachment in section V.

	
	
	Answer to specific info request 5:
Please refer to the confidential attachment in section V.

	
	
	Answer to specific info request 6:
Please refer to the confidential attachment in section V.
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Please refer to the confidential attachment in section V.
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	General Comments:
We agree and supports the statements made by JVMA on the issues of proposed restriction,as per attached in Section Ⅳ.
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Materials and Methods  
 


General considerations  


All commercial materials were used as received. THF was freshly dried over Na/benzophenone. Anhydrous 


cyclohexane was used in crosslinking experiments. Spectranalyzed™ pentane was used for purification of 


diazirines.  


NMR spectra were acquired on either a Bruker AVANCE 300 (300.27 MHz for 1H, 282.54 MHz for 19F, 75.5 


MHz for 13C) or a Bruker AVANCE Neo 500 (500.27 MHz for 1H, 470.72 MHz for 19F, 125.7 MHz for 13C) 


spectrometer. Chemical shifts were reported in parts per million (ppm) and were calibrated to the central 


peak of residual NMR solvent (central peak of chloroform-d: 1H NMR δ = 7.26 ppm, 13C NMR δ = 77.16 


ppm; dichloromethane-d2: 1H NMR δ = 5.32 ppm, 13C NMR δ = 53.84 ppm; acetone-d6: 1H NMR δ = 2.04 


ppm, 13C NMR δ = 29.8 ppm; methanol-d4: 1H NMR δ = 3.31 ppm). 13C spectra and 19F spectra were 1H 


decoupled. Data is reported as follows: chemical shift (multiplicity [s = singlet, d = doublet, t = triplet, q = 


quartet, qd = quartet of doublet, p = pentet, dt = doublet of triplet, tt = triplet of triplet, td = triplet of 


doublet, br-s = broad singlet, m = multiplet], coupling constant in Hz, integration). Chemical shifts in 19F 


spectra are reported in ppm and reported as obtained. Melting points were measured using a Gallenkamp 


melting point apparatus and are uncorrected. 


High resolution mass spectrometry (HRMS) data were acquired using field desorption (FD) ionization on a 


JEOL AccuTOF GCx mass spectrometer. IR spectra were recorded using a Perkin-Elmer ATR spectrometer. 


IR wave numbers (ν) are reported in cm−1. UV spotlight 365 nm (ThorLabs, 3685 lux, 38 W/m2) and LED 


Strip Lights 395 nm (Waveform Lighting, 5129 lux, 53 W/m2) were used for photochemical C–H insertion 


experiments. Illuminance readings were made using a wireless light sensor from PASCO (PS-3213). 


Differential Scanning Calorimetry analysis was performed using a DSC 25 TA instrument. 


All diazirine-forming reactions were performed in the dark. Removal of solvent was done at 25 °C, avoiding 


the use of excessive vacuum. 
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Synthesis of aryl ether crosslinker 9 with a flexible aliphatic linker 
 


Synthetic scheme for compound 9 


 


 


Synthesis of 1,8-bis(4-bromophenoxy)octane (S1) 


 
 


In a 1 L round bottom flask equipped with a magnetic stir bar and a condenser, to a stirring mixture of 4-


bromophenol (14.8 g, 85.8 mmol, 2.2 equiv.) and potassium carbonate (21.5 g, 155.9 mmol, 4 equiv.) in 


DMF (200 mL), 1,8-dibromooctane (10.6 g, 38.9 mmol, 1 equiv.) was added. The mixture was heated to 


60 °C for two days. The reaction mixture was cooled to room temperature, diluted with Et2O followed by 


water, the aqueous layer was extracted with Et2O (3 times) and EtOAc (1 time). The organic layers were 


combined, washed subsequently with brine, dried over Na2SO4, and concentrated in vacuo. The crude 


compound S1 was obtained as colourless crystals (17.6 g, 38.6 mmol, 99%). Melting point = 39–40 °C. 1H 


NMR (500 MHz, CDCl3) δ 7.36 (d, J = 8.9 Hz, 4H), 6.77 (d, J = 8.9 Hz, 4H), 3.91 (t, J = 6.5 Hz, 4H), 1.77 (p, J = 


6.6 Hz, 4H), 1.46 (qt, J = 6.8, 2.9 Hz, 4H), 1.42 – 1.34 (m, 4H). 13C NMR (126 MHz, CDCl3) δ 158.36, 132.33, 


116.43, 112.72, 68.32, 29.40, 29.28, 26.07. HRMS (FD+) m/z [M•] + calculated for C20H24Br2O2: 454.0138, 


found: 454.0142. 
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Fig. S1. 1H NMR spectrum of S1 in CDCl3. 


 


 


Fig. S2. 13C NMR spectrum of S1 in CDCl3. 
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Synthesis of 1,1'-((octane-1,8-diylbis(oxy))bis(4,1-phenylene))bis(2,2,2-trifluoroethan-1-one) (S2) 


 


To a stirring solution of compound S1 (1.2 g, 2.6 mmol, 1 equiv.) in dry THF (15 mL) under argon 


atmosphere at ─78 °C, n-butyllithium (2.5 ml, 6.3 mmol, 2.4 equiv.) was slowly added and stirring was 


maintained at ─78 °C for 1 h. Then ethyl trifluoroacetate (0.6 mL, 5.3 mmol, 2 equiv.) was added dropwise, 


and the mixture was stirred for a further 1 h at ─78 °C and then allowed to warm to room temperature 


with continued stirring. After 6 h the reaction was quenched with sat. aq. NH4Cl, and the aqueous layer 


was extracted with diethyl ether (3 times) and dried over MgSO4. The dried organic layer was filtered and 


concentrated under reduced pressure. Flash-column chromatography over silica gel using petroleum 


ether:Et2O (8:2) as eluent yielded pure compound S2 as a white solid (1.2 g, , 2.4 mmol, 92%).  Melting 


point = 64–65 °C. 1H NMR (500 MHz, CDCl3) δ 8.04 (d, J = 7.9 Hz, 4H), 6.98 (d, J = 9.0 Hz, 4H), 4.07 (t, J = 


6.5 Hz, 4H), 1.88 – 1.79 (m, 4H), 1.56 – 1.46 (m, 4H), 1.44 – 1.40 (m, 4H).13C NMR (126 MHz, CDCl3) δ 


165.15, 132.91, 122.77, 114.98, 68.67, 29.36, 29.11, 26.03. 19F NMR (283 MHz, CDCl3) δ ─70.97. HRMS 


(FD+) m/z [M•]+ calculated for C24H24F6O4: 490.1573, found: 490.1557. 


 


Fig. S3. 1H NMR spectrum of S2 in CDCl3. 
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Fig. S4. 13C NMR spectrum of S2 in CDCl3. 


 


 


Fig. S5. 19F NMR spectrum of S2 in CDCl3. 
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Synthesis of 1,1'-((octane-1,8-diylbis(oxy))bis(4,1-phenylene))bis(2,2,2-trifluoroethan-1-one) dioxime 


(S3) 


 


To a stirred solution of compound S2 (4.4 g, 8.97 mmol, 1 equiv.) in ethanol (0.2 M), hydroxylamine 


hydrochloride (3.7 g, 53.83 mmol, 6 equiv.) and pyridine (5.8 mL, 71.77 mmol, 8 equiv.) were added and 


the reaction mixture was heated to reflux for 16 h. The mixture was then cooled to room temperature 


and the mixture was treated with 2M HCl and extracted with Et2O (3 times). The combined organic layers 


were washed with distilled water until the pH of the washing layer became neutral, and then dried with 


sodium sulfate, filtered and concentrated. The residue was dried under high vacuum for a prolonged time 


to afford the desired crude bis-oxime S3 (as a mixture of geometric isomers) as a white solid (4.6 g, 8.84 


mmol, 99%). The compound was submitted to the next step without further purification. 19F NMR (283 


MHz, CDCl3) δ ─62.32, ─66.26 (major isomer). 


On one occasion, for the purpose of NMR characterization, the residue was purified by flash-column 


chromatography over silica gel using pentane:EtOAc (7:3) to afford the pure bis-oxime (major isomer). 


Melting point = 127–131 °C. 1H NMR (500 MHz, Acetone) δ 7.53 (d, J = 8.8 Hz, 4H), 7.05 (d, J = 8.9 Hz, 4H), 


4.08 (t, J = 6.4 Hz, 4H), 1.86 – 1.76 (m, 4H), 1.56 – 1.48 (m, 4H), 1.44 (p, J = 3.3 Hz, 4H). 19F NMR (471 MHz, 


Acetone) δ ─66.40. HRMS (FD+) m/z [M•] + calculated for C24H26F6N2O4: 520.1791, found: 520.1773. 


 


Fig. S6. 1H NMR spectrum of S3 in (CD3)2CO. 
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Fig. S7. 19F NMR spectrum of S3 in (CD3)2CO. 


 


 


Synthesis of 1,1'-((octane-1,8-diylbis(oxy))bis(4,1-phenylene))bis(2,2,2-trifluoroethan-1-one) O,O-di((2-


nitrophenyl)sulfonyl) dioxime (S4) 


 


Compound S3 (5.2 g, 10.0 mmol, 1 equiv.) was dissolved in CH2Cl2 (50 mL), and triethylamine (4.2 mL, 


30.18 mmol, 3 equiv.), DMAP (61 mg, 0.50 mmol, 5 mol%) and 2-nitrobenzenesulfonyl chloride (4.5 g, 20.0 


mmol, 2 equiv.) were successively added at 0 °C. The ice bath was removed after 5 min, and the reaction 


mixture was stirred at room temperature for 1 h. The mixture was then treated with sat. aq. NH4Cl and 


extracted with CH2Cl2. The combined organic extracts were dried with magnesium sulfate, filtered, and 


concentrated to afford the desired crude bis-nosyloxime S4, which was submitted to the next step without 


further purification.  


On one occasion, for the purpose of NMR characterization, the residue was purified by flash-column 


chromatography over silica gel using pentane:EtOAc (7:3) to afford the pure bis-nosyloxime as an off-


white solid (7.48 g, 8.39 mmol, 84%). Melting point = 114–117 °C. 1H NMR (500 MHz, CDCl3) δ 8.27 (d, J = 


7.8 Hz, 2H), 7.94 – 7.74 (m, 6H), 7.60 (d, J = 8.6 Hz, 4H), 7.00 (d, J = 8.9 Hz, 4H), 4.03 (t, J = 6.4 Hz, 4H), 1.88 


– 1.76 (m, 4H), 1.49 (q, J = 6.4, 5.5 Hz, 4H), 1.42 (p, J = 3.4 Hz, 4H). 19F NMR (471 MHz, CDCl3) δ ─65.59. 


HRMS (FD+) m/z [M•]+ calculated for C36H32F6N4O12S2: 890.1357, found: 890.1341. 
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Fig. S8. 1H NMR spectrum of S4 in CDCl3. 


 


 


Fig. S9. 19F NMR spectrum of S4 in CDCl3. 
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Synthesis of 1,8-bis(4-(3-(trifluoromethyl)diaziridin-3-yl)phenoxy)octane (S5) 


 


Bis-nosyloxime S4 (7.48 g, 8.39 mmol, 1 equiv.) in anhydrous THF (42 mL) was transferred to a flame-dried 


3-neck flask under argon and cooled to ─20 °C. Anhydrous gaseous ammonia was bubbled into the stirred 


solution for 30 min. Then, the reaction was left stirring for 1 h, during which time it was allowed to warm 


from ─20 °C to room temperature. The mixture was quenched with sat. aq. NH4Cl and extracted with Et2O 


(3 times). The combined organic layers were washed with brine and then dried with magnesium sulfate, 


filtered and concentrated to afford the desired crude bis-diaziridine S5, which was submitted to the next 


step without further purification. 


On one occasion, for the purpose of NMR characterization, the residue was purified by flash-column 


chromatography over silica gel using pentane:EtOAc (7:3) to afford the pure bis-diaziridine as a white solid 


(4.2 g, 8.1 mmol, 96%). Melting point = 81–83 °C. 1H NMR (500 MHz, CDCl3) δ 7.52 (d, J = 8.7 Hz, 4H), 6.91 


(d, J = 8.8 Hz, 4H), 3.97 (t, J = 6.5 Hz, 4H), 2.74 (d, J = 8.8 Hz, 2H, N-H), 2.15 (d, J = 8.9 Hz, 2H, N-H), 1.84 – 


1.74 (m, 4H), 1.52 – 1.43 (m, 4H), 1.39 (p, J = 3.5 Hz, 4H). 13C NMR (126 MHz, CDCl3) δ 160.55, 129.60, 


123.65, 114.76, 68.21, 29.40, 29.26, 26.09. 19F NMR (471 MHz, CDCl3) δ ─75.78. IR (diamond-ATR) ν: 3675, 


3260, 2930, 2858, 1742, 1613, 1519, 1247, 1153, 1053, 939, 832, 755. HRMS (FD+) m/z [M•]+ calculated 


for C24H28F6N4O2: 518.2111, found: 518.2091. 


 


Fig. S10. 1H NMR spectrum of S5 in CDCl3. 
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Fig. S11. 13C NMR spectrum of S5 in CDCl3. 


 


 


Fig. S12. 19F NMR spectrum of S5 in CDCl3. 
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Synthesis of 1,8-bis(4-(3-(trifluoromethyl)-3H-diazirin-3-yl)phenoxy)octane (9) 


 


To a solution of bis-diaziridine S5 (4.2 g, 8.1 mmol, 1 equiv.) in CH2Cl2 (41 mL) at 0 °C were added 


successively triethylamine (6.8 mL, 48.6 mmol, 6 equiv.) and iodine (4.52 g, 17.8 mmol, 2.2 equiv.). The 


coloured mixture was stirred at 0 °C for 1 h. The mixture was diluted with CH2Cl2 and washed with sat. aq. 


sodium thiosulfate. The aqueous layer was re-extracted with CH2Cl2 (3 times). Then the combined organic 


extracts were washed with brine and dried with magnesium sulfate, filtered, and concentrated. The 


residue was purified by silica gel column chromatography using pentane: Et2O (8:2) as eluent to afford the 


desired bis-diazirine 9 (3.04 g, 5.91 mmol, 73%) as a pale-yellow solid. Melting point = 48–49 °C. 1H NMR 


(500 MHz, CDCl3) δ 7.13 (d, J = 8.4 Hz, 4H), 6.88 (d, J = 8.9 Hz, 4H), 3.95 (t, J = 6.5 Hz, 4H), 1.78 (p, J = 6.6 


Hz, 4H), 1.46 (dp, J = 12.4, 6.5 Hz, 4H), 1.43 – 1.35 (m, 4H). 13C NMR (126 MHz, CDCl3) δ 160.32, 129.55, 


128.25, 123.50, 121.32, 120.85, 114.99, 68.22, 29.38, 29.23, 26.07. 19F NMR (283 MHz, CDCl3) δ ─65.63. IR 


(diamond-ATR) ν: 2939, 2860, 1707, 1603, 1519, 1259, 1235, 1181, 1155, 939, 825, 626, 525. UV (n-


hexane): λmax, diazirine = 372 nm. HRMS (FD+) m/z [M•]+ calculated for C24H24F6N4O2: 514.1798, found: 


514.1779. 


 


Fig. S13. 1H NMR spectrum of 9 in CDCl3. 
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Fig. S14. 13C NMR spectrum of 9 in CDCl3. 


 


 


Fig. S15. 19F NMR spectrum of 9 in CDCl3. 
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Synthesis of rigid bis-aryl ether crosslinker 3 
 


Synthetic scheme for compound 3 


 


 


 


Synthesis of 1,1'-(oxybis(4,1-phenylene))bis(2,2,2-trifluoroethan-1-one) (S6) 


 


To a stirring solution of 4,4'-oxybis(bromobenzene) (5.12 g, 15.61 mmol, 1 equiv.) in dry THF (90 ml) under 


argon atmosphere at ─78 °C, n-butyllithium (15 mL, 37.48 mmol, 2.4 equiv., 2.5 M) was slowly added and 


stirring was maintained at ─78 °C for 1 h. Then ethyl trifluoroacetate (5.6 mL, 46.8 mmol, 3 equiv.) was 


added dropwise, and the mixture was stirred for a further 1 h at ─78 °C and then allowed to warm to room 


temperature with continued stirring. After 6 h the reaction was quenched with sat. aq. NH4Cl, and the 


aqueous layer was extracted with Et2O (3 times) and dried over MgSO4. The dried organic layer was filtered 


and concentrated under reduced pressure. Flash-column chromatography over silica gel using petroleum 


ether:Et2O (8:2) as eluent yielded pure compound S6 as a colourless oil (5.46 g, 15.07 mmol, 97%) with 


spectroscopic data in accordance with the literature.[1] 1H NMR (300 MHz, CDCl3) δ 8.14 (d, J = 8.0 Hz, 4H), 


7.20 (d, J = 8.9 Hz, 4H). 19F NMR (283 MHz, CDCl3) δ ─71.32. 
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Fig. S16. 1H NMR spectrum of S6 in CDCl3. 


 


 


Fig. S17. 19F NMR spectrum of S6 in CDCl3. 
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Synthesis of 1,1'-(oxybis(4,1-phenylene))bis(2,2,2-trifluoroethan-1-one) dioxime (S7) 


 


To a stirred solution of compound S6 (5.36 g, 14.8 mmol, 1 equiv.) in ethanol (0.2 M), hydroxylamine 


hydrochloride (6.17 g, 88.85 mmol, 6 equiv.) and pyridine (9.5 mL, 118.4 mmol, 8 equiv.) were added and 


the reaction mixture was heated to reflux for 16 h. The mixture was then cooled to room temperature 


and the mixture was treated with 2M HCl and extracted with Et2O (3 times). The combined organic layers 


were washed with distilled water until the pH of the washing layer became neutral, and then dried with 


sodium sulfate, filtered, and concentrated. The residue was dried under high vacuum for a prolonged time 


to afford the desired crude bis-oxime S7 (as a mixture of geometric isomers) (5.8 g, 14.78 mmol, 99%) 


with spectroscopic data in accordance with the literature.[1] The compound was submitted to the next 


step without further purification. 1H NMR (300 MHz, CD3OD) δ 7.53 (d, J = 8.6 Hz, 4H), 7.13 (d, J = 8.8 Hz, 


4H).19F NMR (283 MHz, CDCl3) δ ─62.26, ─66.42. 


Fig. S18. 1H NMR spectrum of S7 in CD3OD. 
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Fig. S19. 19F NMR spectrum of S7 in CDCl3. 


 


 


Synthesis of 1,1'-(oxybis(4,1-phenylene))bis(2,2,2-trifluoroethan-1-one) O,O-di((2-nitrophenyl)sulfonyl) 


dioxime (S8) 


 


Compound S7 (5.8 g, 14.8 mmol, 1 equiv.) was dissolved in CH2Cl2 (74 mL), and triethylamine (6.2 mL, 44.4 


mmol, 3 equiv.), DMAP (90 mg, 0.74 mmol, 5 mol%) and 2-nitrobenzenesulfonyl chloride (6.89 g, 31.8 


mmol, 2.1 equiv.) were successively added at 0 °C. The ice bath was removed after 5 min and the reaction 


mixture was stirred at room temperature for 1 h. The mixture was then treated with sat. aq. NH4Cl and 


extracted with CH2Cl2. The combined organic extracts were dried with magnesium sulfate, filtered, and 


concentrated to afford the desired crude bis-nosyloxime S8 which was submitted to the next step without 


further purification.  


On one occasion, for the purpose of NMR characterization, the residue was purified by flash-column 


chromatography over silica gel using pentane:EtOAc (7:3) to afford the pure bis-nosyloxime (10.91 g, 


14.29 mmol, 96%) as a pale-yellow solid. Melting point = 116–117 °C. 1H NMR (500 MHz, CDCl3) δ 8.29 (d, 


J = 7.8 Hz, 2H), 7.96 – 7.79 (m, 6H), 7.65 (d, J = 8.7 Hz, 4H), 7.21 (d, J = 8.9 Hz, 4H). 13C NMR (126 MHz, 


CDCl3) δ 159.11, 136.10, 133.80, 132.38, 131.32, 127.51, 125.13, 119.59. 19F NMR (471 MHz, CDCl3) δ 


─66.09. HRMS (FD+) m/z [M•] + calculated for C28H16F6N4O11S2: 762.0156, found: 762.0176. 
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Fig. S20. 1H NMR spectrum of S8 in CDCl3. 


 


 


Fig. S21. 13C NMR spectrum of S8 in CDCl3. 
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Fig. S22. 19F NMR spectrum of S8 in CDCl3. 


 


 


 


Synthesis of 3,3'-(oxybis(4,1-phenylene))bis(3-(trifluoromethyl)diaziridine) (S9) 


 


Bis-nosyloxime S8 (10.91 g, 14.29 mmol, 1 equiv.) in anhydrous THF (70 mL) was transferred to a flame-


dried 3-neck flask under argon and cooled to ─20 °C. Anhydrous gaseous ammonia was bubbled into the 


stirred solution for 1 h. Then, the reaction was left stirring for 12 h, during which time it was allowed to 


warm from ─20 °C to room temperature. The mixture was quenched with sat. aq. NH4Cl and extracted 


with Et2O (3 times). The combined organic layers were washed with brine and then dried with magnesium 


sulfate, filtered, and concentrated to afford the desired crude bis-diaziridine S9 (5.4 g, 13.83 mmol, 96%) 


with spectroscopic data in accordance with the literature.[1] The compound was submitted to the next 


step without further purification. 1H NMR (500 MHz, CDCl3) δ 7.61 (d, J = 8.7 Hz, 4H), 7.06 (d, J = 8.7 Hz, 


4H), 2.80 (d, J = 9.1 Hz, 2H), 2.21 (d, J = 8.9 Hz, 2H).19F NMR (283 MHz, CDCl3) δ ─75.81. IR (diamond-ATR) 


ν: 3675, 3262, 2972, 2901, 1603, 1507, 1247, 1153, 884. 







page S20 


Fig. S23. 1H NMR spectrum of S9 in CDCl3. 


 


Fig. S24. 19F NMR spectrum of S9 in CDCl3. 
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Synthesis of 3,3'-(oxybis(4,1-phenylene))bis(3-(trifluoromethyl)-3H-diazirine) (3) 


 


 


To a solution of bis-diaziridine S9 (5.77 g, 14.8 mmol, 1 equiv.) in CH2Cl2 (74 mL) at 0 °C were added 


successively triethylamine (12.4 mL, 88.8 mmol, 6 equiv.) and iodine (7.5 g, 29.6 mmol, 2 equiv.). The 


coloured mixture was stirred at 0 °C for 1 h. The mixture was diluted with CH2Cl2 and washed with sat. aq. 


sodium thiosulfate. The aqueous layer was re-extracted with CH2Cl2 (3 times). Then the combined organic 


extracts were washed with brine and dried with magnesium sulfate, filtered, and concentrated. The 


residue was purified by silica gel column chromatography using pentane as eluent to afford the desired 


bis-diazirine 3 (4.66 g, 12.06 mmol, 81%) as a colourless liquid. 1H NMR (300 MHz, CDCl3) δ 7.20 (d, J = 8.8 


Hz, 4H), 7.01 (d, J = 8.9 Hz, 4H). 13C NMR (126 MHz, CDCl3) δ 157.79, 128.67, 124.52, 119.45, 29.86. 19F 


NMR (283 MHz, CDCl3) δ ─65.45. IR (diamond-ATR) ν: 2971, 1603, 1508, 1251, 1154, 938, 827, 539. UV (n-


hexane): λmax, diazirine = 360 nm. HRMS (FD+) m/z [M•]+ calculated for C28H32F6O: 386.0597, found: 


386.0599. 


 


 


Fig. S25. 1H NMR spectrum of 3 in CDCl3. 


 


 







page S22 


Fig. S26. 13C NMR spectrum of 3 in CDCl3. 


 


 


Fig. S27. 19F NMR spectrum of 3 in CDCl3. 
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Synthesis of molecular control 10 
 


Synthesis of 2,2,2-trifluoro-1-(4-((8-phenoxyoctyl)oxy)phenyl)ethan-1-one (S10) 


 


During the purification of 1,1'-((octane-1,8-diylbis(oxy))bis(4,1-phenylene))bis(2,2,2-trifluoroethan-1-


one) S2 described above, the corresponding mono-ketone S10, precursor of molecular control 10, was 


isolated in small amounts (260 mg, 0.6591 mmol). 1H NMR (300 MHz, CD2Cl2) δ 8.04 (d, J = 8.0 Hz, 2H), 


7.26 (tt, J = 7.5, 2.3 Hz, 2H), 7.01 (d, J = 9.0 Hz, 2H), 6.97 – 6.82 (m, 3H), 4.08 (t, J = 6.5 Hz, 2H), 3.95 (t, J = 


6.5 Hz, 2H), 1.90 – 1.69 (m, 4H), 1.51 – 1.35 (m, 8H). 13C NMR (126 MHz, CD2Cl2) δ 182.61, 165.66, 159.63, 


133.05, 129.77, 122.84, 120.77, 115.31, 114.80, 69.14, 68.23, 29.68, 29.63, 29.35, 26.37, 26.23. 19F NMR 


(283 MHz, CDCl3) δ –70.95. HRMS (FD+) m/z [M•]+ calculated for C22H25F3O3: 394.1750, found: 394.1771. 


 


Fig. S28. 1H NMR spectrum of S10 in CD2Cl2. 
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Fig. S29. 13C NMR spectrum of S10 in CD2Cl2. 


 


Fig. S30. 19F NMR spectrum of S10 in CDCl3. 
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Synthesis of 2,2,2-trifluoro-1-(4-((8-phenoxyoctyl)oxy)phenyl)ethan-1-one oxime (S11) 


 


To a stirred solution of compound S10 (260 mg, 0.6591 mmol, 1 equiv.) in ethanol (0.2 M), hydroxylamine 


hydrochloride (65.6 mg, 0.943 mmol, 1.5 equiv.) and pyridine (0.16 mL, 1.97 mmol, 3 equiv.) were added 


and the reaction mixture was heated to reflux for 16 h. The mixture was then cooled to room temperature 


and the mixture was treated with 2M HCl and extracted with Et2O (3 times). The combined organic layers 


were washed with distilled water until the pH of the washing layer became neutral, and then dried with 


sodium sulfate, filtered, and concentrated. The residue was dried under high vacuum for a prolonged time 


to afford the desired crude oxime S11 (as a mixture of geometric isomers) as a white solid (261.3 mg). 1H 


NMR (500 MHz, Acetone) δ 11.63 (s, 1H), 7.52 (d, J = 8.8 Hz, 2H), 7.26 (dd, J = 8.8, 7.2 Hz, 2H), 7.05 (d, J = 


8.9 Hz, 2H), 6.93 – 6.85 (m, 3H), 4.07 (t, J = 6.5 Hz, 2H), 3.99 (t, J = 6.5 Hz, 2H), 1.85 – 1.73 (m, 4H), 1.51 (q, 


J = 6.8, 6.3 Hz, 4H), 1.43 (dt, J = 14.5, 7.4 Hz, 4H). 19F NMR (471 MHz, Acetone) δ –63.02, –66.41. 


 


Fig. S31. 1H NMR spectrum of S11 in (CD3)2CO. 
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Fig. S32. 19F NMR spectrum of S11 in (CD3)2CO. 


 


 


 


Synthesis of 2,2,2-trifluoro-1-(4-((8-phenoxyoctyl)oxy)phenyl)ethan-1-one O-((2-nitrophenyl)sulfonyl) 


oxime (S12) 


 


Compound S11 (261 mg, 0.638 mmol, 1 equiv.) was dissolved in CH2Cl2 (4 mL), and triethylamine (0.133 


mL, 0.957 mmol, 1.5 equiv.), DMAP (4 mg, 0.032 mmol, 5 mol%) and nosyl chloride (141.4 mg, 0.638 


mmol, 1 equiv.) were successively added at 0 °C. The ice bath was removed after 5 min, and the reaction 


mixture was stirred at room temperature for 30 min. The mixture was then treated with sat. aq. NH4Cl 


and extracted with CH2Cl2. The combined organic extracts were dried with magnesium sulfate, filtered, 


and concentrated to afford the desired crude nosyloxime S12 (380 mg), which was submitted to the next 


step without further purification. 1H NMR (500 MHz, CDCl3) δ 8.28 (d, J = 7.8 Hz, 1H), 7.93 – 7.78 (m, 3H), 


7.60 (d, J = 8.7 Hz, 2H), 7.31 – 7.25 (m, 2H), 7.00 (d, J = 8.9 Hz, 2H), 6.92 – 6.86 (m, 3H), 4.00 – 3.91 (m, 


4H), 1.87 – 1.73 (m, 8H), 1.65 – 1.57 (m, 2H), 1.52 – 1.45 (m, 8H).19F NMR (471 MHz, CDCl3) δ ─61.16, 65.60 


(major isomer). 
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Fig. S33. 1H NMR spectrum of S12 in CDCl3. 


 


 


 


Fig. S34. 19F NMR spectrum of S12 in CDCl3. 
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Synthesis of 3-(4-((8-phenoxyoctyl)oxy)phenyl)-3-(trifluoromethyl)diaziridine (S13) 


 


 


Nosyloxime S12 (380 mg, 0.63 mmol, 1 equiv.) in anhydrous THF (20 mL) was transferred to a flame-dried 


3-neck flask under argon and cooled to ─20 °C. Anhydrous gaseous ammonia was bubbled into the stirred 


solution for 30 min. Then, the reaction was left stirring for 30 min, during which time it was allowed to 


warm from ─20 °C to room temperature. The mixture was quenched with sat. aq. NH4Cl and extracted 


with Et2O (3 times). The combined organic layers were washed with brine and then dried with magnesium 


sulfate, filtered, and concentrated to afford the desired crude diaziridine S13 (256 mg) as yellow solid, 


which was submitted to the next step without further purification. 1H NMR (500 MHz, CDCl3) δ 7.52 (d, J 


= 8.5 Hz, 2H), 7.31 – 7.25 (m, 2H), 6.98 – 6.84 (m, 5H), 3.96 (q, J = 6.3 Hz, 4H), 2.74 (d, J = 8.8 Hz, 1H), 2.16 


(d, J = 8.9 Hz, 1H), 1.79 (p, J = 6.7 Hz, 4H), 1.54 – 1.44 (m, 4H), 1.43 – 1.36 (m, 4H). 13C NMR (126 MHz, 


CDCl3) δ 160.56, 159.24, 129.58, 129.55, 123.61, 122.51 (d, J = 41.7 Hz), 120.62, 114.76, 114.63, 68.21, 


67.94, 29.85, 29.46, 29.44, 29.41, 29.26, 26.15, 26.08. 19F NMR (471 MHz, CDCl3) δ ─75.87. IR (diamond-


ATR) ν: 3258, 2928, 2856, 1727, 1613, 1518, 1471, 1245, 1152, 1033, 754, 692. 


 


Fig. S35. 1H NMR spectrum of S13 in CDCl3. 
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Fig. S36. 13C NMR spectrum of S13 in CDCl3. 


 


 


Fig. S37. 19F NMR spectrum of S13 in CDCl3. 
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Synthesis of 3-(4-((8-phenoxyoctyl)oxy)phenyl)-3-(trifluoromethyl)-3H-diazirine (10) 


 


To a solution of the crude diaziridine S13 (256 mg) in CH2Cl2 (4 mL) at 0 °C were added successively 


triethylamine (0.27 mL, 1.91 mmol, 3 equiv.) and iodine (178 mg, 0.702 mmol, 1.1 equiv.). The coloured 


mixture was stirred at 0 °C for 1 h. The mixture was diluted with CH2Cl2 and washed with sat. aq. sodium 


thiosulfate. The aqueous layer was re-extracted with CH2Cl2 (3 times). Then the combined organic extracts 


were washed with brine and dried with magnesium sulfate, filtered, and concentrated. The residue was 


purified by silica gel column chromatography using pentane: Et2O (8:2, Rf =0.71) as eluent to afford the 


desired diazirine 10 (250 mg, 0.62 mmol, 98%) as a yellow solid. Melting point = 41–42 °C. 1H NMR (500 


MHz, CD2Cl2) δ 7.26 (dd, J = 8.7, 7.2 Hz, 2H), 7.15 (d, J = 8.7 Hz, 2H), 6.98 – 6.89 (m, 1H), 6.95 (d, J = 9.0 Hz, 


2H), 3.95 (q, J = 6.5 Hz, 4H), 1.81 – 1.73 (m, 4H), 1.52 – 1.43 (m, 4H), 1.40 (dt, J = 6.7, 4.6 Hz, 4H). 13C NMR 


(126 MHz, CD2Cl2) δ 160.81, 159.63, 129.77, 128.50, 123.86, 120.78, 120.76, 120.74, 115.28, 114.80, 


68.63, 68.25, 29.70, 29.68, 29.48, 26.38, 26.29. 19F NMR (471 MHz, CDCl3) δ ─65.67. IR (diamond-ATR) ν: 


2929, 2857, 1723, 1601, 1518, 1497, 1244, 1180, 1154, 1054, 939, 754, 692. HRMS (FD+) m/z [M•]+ 


calculated for C22H25F3N2O2: 406.1863, found: 406.1877. 


 


Fig. S38. 1H NMR spectrum of 10 in CD2Cl2. 
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Fig. S39. 13C NMR spectrum of 10 in CD2Cl2. 


 


 


Fig. S40. 19F NMR spectrum of 10 in CDCl3. 
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Evaluation of crosslinker efficacy by crosslinking of cyclohexane 
 


Cyclohexane crosslinking with bis-diazirine 9 


 


In a flame-dried sealed tube, bis-diazirine 9 (11.3 mg, 0.022 mmol, 1 equiv.) in cyclohexane (15 mM), 


flushed gently with argon and capped, was heated at 140 °C for 2 h. After cooling the mixture to room 


temperature, the reaction mixture was transferred into a round bottom flask and concentrated in vacuo 


to provide crude product (14 mg). Flash-column chromatography over silica gel using 100% petroleum 


ether afforded 1,8-bis(4-(1-cyclohexyl-2,2,2-trifluoroethyl)phenoxy)octane S14 (12 mg, 0.02 mmol) in 91% 


yield. 1H NMR (300 MHz, CDCl3) δ 7.13 (d, J = 8.6 Hz, 4H), 6.85 (d, J = 8.7 Hz, 4H), 3.94 (t, J = 6.5 Hz, 4H), 


2.97 (qd, J = 10.3, 7.9 Hz, 2H), 2.04 – 1.86 (m, 4H), 1.84 – 1.65 (m, 8H), 1.68 – 1.57 (m, 4H), 1.45 – 1.35 (m, 


8H), 1.34 – 1.28 (m, 2H), 1.20 – 1.02 (m, 6H), 0.84 – 0.72 (m, 2H). 13C NMR (126 MHz, CDCl3) δ 158.78, 


132.34, 130.34, 128.94 (q, J = 118.0 Hz), 114.45, 68.01, 55.31 (q, J = 25.8 Hz), 38.68, 31.67, 30.81, 29.85, 


29.46, 29.43, 26.34, 26.26, 26.17. 19F NMR (283 MHz, CDCl3) δ ─63.73. HRMS (FD+) m/z [M•]+ calculated 


for C36H48F6O2: 626.3553, found: 626.3565. 


 


Fig. S41. 1H NMR spectrum of S14 in CDCl3. 
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Fig. S42. 13C NMR spectrum of S14 in CDCl3. 


 


 


Fig. S43. 19F NMR spectrum of S14 in CDCl3. 
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Cyclohexane crosslinking with bis-diazirine 3 


 


In a flame-dried sealed tube, bis-diazirine 3 (24.9 mg, 0.064 mmol, 1 equiv.) in cyclohexane (15 mM), 


flushed gently with argon and capped, was heated at 140 °C for 2 h. After cooling the mixture to room 


temperature, the reaction mixture was transferred into a round bottom flask and concentrated in vacuo 


to provide crude product (34.6 mg). Flash-column chromatography overs silica gel 100% petroleum ether 


afforded 4,4'-oxy-bis((1-cyclohexyl-2,2,2-trifluoroethyl)benzene) S15 (17.6 mg, 0.034 mmol) in 54% yield. 


1H NMR (300 MHz, CDCl3) δ 7.20 (d, J = 8.7 Hz, 4H), 6.98 (d, J = 8.7 Hz, 4H), 3.03 (qd, J = 10.4, 9.9 Hz, 2H), 


2.03 – 1.84 (m, 5H), 1.84 – 1.71 (m, 2H), 1.68 – 1.59 (m, 5H), 1.22 – 1.01 (m, 8H), 0.85 – 0.72 (m, 2H).13C 


NMR (126 MHz, CDCl3) δ 156.68, 130.69, 118.92, 55.61 (q, J = 25.2 Hz), 38.69, 31.63, 30.85, 29.85, 26.30, 


26.24, 26.15. 19F NMR (283 MHz, CDCl3) δ ─63.60. HRMS (FD+) m/z [M•]+ calculated for C28H32F6O: 


498.2352, found: 498.2340. 


 


Fig. S44. 1H NMR spectrum of S15 in CDCl3. 
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Fig. S45. 13C NMR spectrum of S15 in CDCl3. 


 


 


Fig. S46. 19F NMR spectrum of S15 in CDCl3. 
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Crosslinking of cyclohexane under mild conditions 
 


General protocols for insertion reactions  


A) Thermal insertion reaction: a 15 mM solution of the desired crosslinker in cyclohexane was prepared 


in a vial. The reaction was immersed in an oil bath at the desired temperature and stirred at that 


temperature for the desired time. After cooling the mixture to room temperature, the reaction was 


concentrated in vacuo to provide the crude product.  


B) Photochemical insertion reaction (365 nm): a 15 mM solution of the desired crosslinker in cyclohexane 


was prepared in a vial. The reaction was irradiated with a 365 nm UV spotlight (ThorLabs, 3685 lux, 38 


W/m2) for the desired time. The reaction was concentrated in vacuo to provide the crude product.  


C) Photochemical insertion reaction (395 nm): a 15 mM solution of the desired crosslinker in cyclohexane 


was prepared in a vial. The reaction was irradiated with 395 nm LED Strip Lights (Waveform Lighting, 5129 


lux, 53 W/m2) for the desired time. The reaction was concentrated in vacuo to provide the crude product.  


All reactions were conducted under an air atmosphere. Crude 19F NMR (CDCl3) spectra were collected and 


compared.  


 


Cyclohexane crosslinking of bis-diazirine 9 at low temperatures 


 


 


Following the above general protocol (A), three reactions (a, b, c) were performed at 80 °C, and two 


reactions were performed at 90 °C using compound 9 (12.4 mg, 0.024 mmol) dissolved in cyclohexane 


(1.6 mL). The reactions were heated for 1 h (a and d); 2 h (b and e); 3 h (c). Silica plug filtration using 


petroleum ether as eluent afforded bis-adduct product S14; yields are reported in the following table. 


Spectroscopic data are consistent with those reported above for compound S14. 


Table S1. Thermal insertion reactions at low temperatures. 


 temperature 
(°C) 


time 
(h) 


bis-adduct 
(%) 


a 80 1 46 


b 80 2 73 


c 80 3 75 


d 90 1 52 


e 90 2 82 
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Fig. S47. Crude 19F NMR spectra of compound 9 under thermal C─H insertion condition at 80 °C. 
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Fig. S48. Crude 19F NMR spectra of compound 9 under thermal C─H insertion condition at 90 °C. 
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Cyclohexane crosslinking of bis-diazirines 9 and 1 at 365 and 395 nm. 


 


 


Following the above general protocol (B), three reactions (a, b, c) were performed under 365 nm light 


using compound 9 (12.6 mg, 0.024 mmol) dissolved in cyclohexane (1.6 mL). The reactions were irradiated 


for 1 min (a); 5 min (b); 10 min (c).  


Following the above general protocol (C), three reactions (d, e, f) were performed under 395 nm light 


using compound 9 (12.4 mg, 0.024 mmol) dissolved in cyclohexane (1.6 mL). The reactions were irradiated 


for 1 min (d); 5 min (e); 10 min (f); 60 min (g).  


Following the above general protocol (C), two reactions (h, i) were performed under 395 nm light using 


compound 1 (12.5 mg, 0.024 mmol) dissolved in cyclohexane (1.6 mL). The reactions were irradiated for 


1 min (h); 10 min (i). Bis-adduct product was not observed. 


Conversions of bis-adduct product S14 are reported in the following table. Product S14 in reaction (g) was 


isolated after filtration through a silica plug, using petroleum ether as eluent. Spectroscopic data are 


consistent with the ones reported above for compound S14. 


 


Table S2. Photochemical insertion reactions. 


 
compound 


λ 
(nm) 


time 
(min) 


bis-adduct 
(%) 


a 9 365 1 40 


b 9 365 5 75 


c 9 365 10 76 


d 9 395 1 67 


e 9 395 5 75 


f 9 395 10 81 


g 9 395 60 93 (92)a 


h 1 395 1 - 


i 1 395 10 - 


a Numbers in parentheses indicate isolated yield. 
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Fig. S49. Crude 19F NMR spectra of compound 9 under photochemical C─H insertion condition, 365 nm. 
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Fig. S50. Crude 19F NMR spectra of compound 9 under photochemical C─H insertion condition, 395 nm. 
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Fig. S51. Crude 19F NMR spectra of compound 1 under photochemical C─H insertion condition, 395 nm. 
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Assessment of thermal parameters for representative aryl ether 


crosslinkers 
 


General Protocol for DSC analysis  


A sample of the substance to be analyzed (typically 3-5 mg) was placed in a Tzero aluminum hermetic pan 


and sealed by a matching lid. The pan was pierced with a small pinhole to allow evolution of nitrogen gas. 


The pan was placed in the oven of a DSC25 device (TA instruments) and heated from 40 °C to 200 °C at a 


rate of 5 °C/min, with an identical empty pan as a reference. The oven was constantly flushed by a 50 


mL/min flow of nitrogen. The device recorded the difference in heat flow between the reference and the 


studied sample, allowing the assignment of Tonset and Tmax. DSC analysis for each substrate was conducted 


8 times for compound 9 and 7 times for compound 3. Representative DSC traces for crosslinkers 9 and 3 


are provided below. 


 


DSC plot of 9 


 


 


Fig. S52. Representative DSC trace for crosslinker 9. 
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DSC plot of 3 


 


 


Fig. S53. Representative DSC trace for crosslinker 3.  
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Table S3. Collected thermal data for representative bis-diazirine crosslinkers.a 


 


 
  


 1 3 9 


MPb 34 °C n.d. 48.9 ± 0.2 °C 
Tonset


c 112.8 ± 0.2 °C 96.8 ± 0.2 °C 81.2 ± 1.3 °C 
Tpeak


d 138.5 ± 0.2 °C 121.9 ± 0.1 °C 105.8 ± 1.5 °C 


H (by mass)e 683 ± 9 J/g 920 ± 35 J/g 680 ± 25 J/g 


H (by mole)e 355 ± 5 kJ/mol 355 ± 13 kJ/mol 350 ± 13 kJ/mol 


SSf –0.17 ± 0.01 +0.03 ± 0.02 –0.03 ± 0.02 
EPg –0.20 ± 0.01 –0.03 ± 0.02 –0.12 ± 0.02 


a Error bars indicate standard error across multiple DSC runs. n=15 for compound 1; n=7 for compound 3; n=8 for compound 9. 
b The melting point (MP) for compound 1 was taken from reference [2]. No melting point was determined for compound 3, which 


was an oil at room temperature and did not freeze upon long term storage at ─18 °C. The melting point for compound 9 was 
taken as the peak of the endothermic melting transition visible in the DSC trace.  


c The onset temperature (Tonset) was determined by extrapolation of the tangent of the upward slope in the DSC experiment, to 
the fitted baseline of the plot. 


d The peak temperature (Tpeak) was determined as the temperature at which the maximum heat flow was observed in the DSC 
experiment.  


e H refers to the total integrated peak area (per unit mass or per mole), for the exotherm associated with diazirine activation.    
f The shock sensitivity metric (SS) was determined according to the method of Yoshida and co-workers.[3] 


SS = log (QDSC) – 0.72 x log (Tonset – 25) – 0.98; where QDSC is the enthalpy of nitrogen release (in cal/g), and Tonset is measured as 
described above. A value of >0 indicates a risk of shock sensitivity for the compound. 


g The explosive propagation metric (EP) was likewise determined according to Yoshida’s methods. 
EP = log (QDSC) – 0.38 x log (Tonset – 25) – 1.67; where QDSC is the enthalpy of nitrogen release (in cal/g), and Tonset is measured as 
described above. A value of >0 indicates a risk of explosive propagation for the compound. 
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Fig. S54. Enthalpy output associated with thermal diazirine activation for three representative bis-diazirines.  


 


a. Enthalpy per molar unit. b. Enthalpy per gram. The data indicate that each trifluoromethyl aryl diazirine unit produces 
that same amount of energy upon activation (within experimental error), regardless of the electron density associated with 
the aromatic ring. However, the molecular weight of the tether plays a significant role in the total energy output per unit 
mass. Thus, compounds 1 and 9, which have similar molecular weights (520 and 514 g/mol, respectively), produce equivalent 
energy per gram, while compound 3, which has a lower molecular weight (388 g/mol), produces a proportionately higher 
energy per gram of material. It is this larger energy output per unit mass that contributes to the potential explosion hazard 
associated with 3. 
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Fig. S55. Yoshida correlation data for compounds 1, 3, 9, 6a and 6b. 


 


Compounds for which QDSC vs. Tonset falls above either of the two curves are predicted to have an inherent risk of shock 
sensitivity or explosive propagation. For the compounds analyzed herein, only compound 3 falls into this danger zone. 
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Crosslinking of monodisperse poly(ethylene glycol) (PEG-1000 Da) 
 


A series of samples was prepared by mixing monodisperse poly(ethylene glycol) (PEG-1000 Da) (20 mg) 


with various amounts of 1, 9, or 3 in glass vials (Table S4). Four different stock solutions with PEG-1000, 


1, 9, or 3 in DCM were prepared. All vials were mixed for 15 seconds on a vortex mixer, sonicated (280 W 


for 30 seconds), and left to dry in the fume hood overnight. The contents of the vials were further dried 


by placing them under high vacuum (ca. 10-2 mbar) after mixing them for 15 seconds on a vortex mixer. 


The removal of solvents was monitored by measuring the weights of each vial over the whole process. 


The samples were placed in a heat block and heated at 110 °C for 16 hours. This induced crosslinking via 


thermal activation. Once cooled, each sample was homogenized (vortex mixer) and 1 mg was dissolved in 


1 mL THF. The solutions were then filtered through a 0.2 µm PTFE filter directly into vials for GPC analysis. 


A vehicle control was prepared in the same way without the addition of any crosslinker and an untreated 


sample was prepared by dissolving 1 mg of PEG-1000 into 1 mL of THF and filtering the resulting solution 


through a 0.2 µm PTFE filter. All filtered samples were clear solutions.  


 


Gel Permeation Chromatography (GPC)  


GPC was carried out using Malvern Viscotek TDAmax system. Measurements were carried out at 1.0 


mL/min with HPLC-grade tetrahydrofuran (Fisher) containing tetrabutylammonium bromide (0.1% w/w) 


as the eluent at 35 °C. Results were calibrated against polystyrene standards. All samples were dissolved 


in the eluent (1 mg/mL) and filtered with a polytetrafluoroethylene membrane of 0.2 μm pore size before 


analysis. 


 


Fig. S56. GPC data showing increasing polydispersity (Mw/Mn) as a result of crosslinking. 
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Table S4. Composition of samples prepared for crosslinking PEG-1000. 


vial crosslinker 
MW 


(g/mol) 
loading 
(μmol/g) 


PEG 
(mg) 


crosslinker 
(μmol) 


crosslinker 


(mg) 


loading 


(wt%) 


loading 


(mol%) 


A1 1 520.28 20 20 0.4 0.21 1.0% 2.1% 


A2 1 520.28 40 20 0.8 0.42 2.1% 4.1% 


A3 1 520.28 70 20 1.4 0.73 3.6% 7.2% 


A4 1 520.28 100 20 2 1.04 5.2% 10.3% 


A5 1 520.28 130 20 2.6 1.35 6.8% 13.4% 


A6 1 520.28 160 20 3.2 1.66 8.3% 16.5% 


A7 1 520.28 200 20 4 2.08 10.4% 20.6% 


B1 9 514.47 20 20 0.4 0.21 1.0% 2.1% 


B2 9 514.47 40 20 0.8 0.41 2.1% 4.1% 


B3 9 514.47 70 20 1.4 0.72 3.6% 7.2% 


B4 9 514.47 100 20 2 1.03 5.1% 10.3% 


B5 9 514.47 130 20 2.6 1.34 6.7% 13.4% 


B6 9 514.47 160 20 3.2 1.65 8.2% 16.5% 


B7 9 514.47 200 20 4 2.06 10.3% 20.6% 


C1 3 386.26 20 20 0.4 0.15 0.8% 2.1% 


C2 3 386.26 40 20 0.8 0.31 1.5% 4.1% 


C3 3 386.26 70 20 1.4 0.54 2.7% 7.2% 


C4 3 386.26 100 20 2 0.77 3.9% 10.3% 


C5 3 386.26 130 20 2.6 1.00 5.0% 13.4% 


C6 3 386.26 160 20 3.2 1.24 6.2% 16.5% 


C7 3 386.26 200 20 4 1.55 7.7% 20.6% 


D1 vehicle ctrl N/A 0 20 0 0 0% 
 


D2 untreated 
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Adhesion testing 
 


Preparation of HDPE–HDPE samples 


Pairs of 4"x1"x¼" bars of HDPE (Quadrant Engineering Plastics) were treated with 1 or 5 mg of crosslinkers 


1, 9, or 3, or 1 mg of molecular control 10. After cutting the HDPE sheet into bars of the appropriate size, 


the edges were scraped to smoothness using a utility knife and the bars were wiped with Kimwipes and a 


solution of 70% isopropanol to remove grease/dust/plastic particles. Stock solution of crosslinkers and 


molecular control in diethyl ether were prepared and 60 µL was deposited onto the 1"x 0.5" overlap zone 


using a micropipette. The solvent was allowed to evaporate at room temperature, and then each pair of 


bars was held together with binder clamps and placed into an oven pre-heated to 110 °C. After 4 h, the 


samples were removed from the oven, cooled to room temperature, and challenged on a lap-shear 


experiment. Negative (vehicle) controls were prepared in an identical manner, except that 60 µL of pure 


diethyl ether was added to the bars in place of the crosslinker solution described above. Vehicle control 


samples were incubated at the same temperature (110 °C) as the other samples, for an identical length of 


time.  


Lap-shear test 


The lap-shear test was implemented according to ASTM D5868. The two trailing ends of the adhered HDPE 


samples prepared as described above were clamped in a universal testing system (Instron, Series 5969) 


and pulled apart at a rate of 5 mm/min until breakage of the bond.  


 


Fig. S57. Adhesion strength of HDPE–crosslinker–HDPE lap-shear composites; numerical values indicate the number of 
samples that were sufficiently well adhered to be measured. 
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Table S5. Adhesion data for HDPE–crosslinker–HDPE lap-shear composites. 


sample 
fraction 
bondeda adhesion (MPa) 


vehicle control 2 / 5 0.20 ± 0.01 


1 (1 mg) 3 / 5 0.94 ± 0.03 


9 (1 mg) 4 / 4 1.91 ± 0.25 


3 (1 mg) 5 / 5 1.76 ± 0.37 


10 (1 mg) 0 / 5 0.00 ± n/a 


1 (5 mg) 5 / 5 2.86 ± 0.56 


9 (5 mg) 5 / 5 2.13 ± 0.56 


3 (5 mg) 5 / 5 1.80 ± 0.27 


a The number of samples that were sufficiently well bonded to permit analysis. 
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Loading of crosslinker into UHMWPE fabric  
 


Irreversible crosslinking of ultra-high molecular weight polyethylene (UHMWPE) 


Commercial 75 g/m2 UHMWPE fabric was impregnated with either 1 or 9, by placing 1" x 1" pieces of 


fabric into close-fitting aluminum pans filled with solutions of the desired bis-diazirine in pentane. The 


concentration of the solution was calculated to correspond to 1.25 wt%, 6.25 wt%, or 12.5 wt% of 


crosslinker, relative to the mass of fabric being employed in the experiment. The bath was covered with 


aluminum foil and incubated at room temperature for 30 min. The cover was then removed to allow the 


pentane to evaporate in a fume hood for 20 min. After pentane evaporation, the impregnated sheets 


were wrapped in aluminum foil and placed into an oven at 110 °C for 4 h. 


Control samples were prepared following an identical procedure, but without adding crosslinker to the 
pentane bath.  
 
Following thermal curing, the samples were weighed to determine the total mass of reacted crosslinker 


that was associated with each square of fabric. Each sample was then extracted for 5 min at room 


temperature using 20 mL of methanol, to remove any reaction products that were not irreversibly 


attached to the fabric. After drying the treated fabrics in an oven (5 min at 100 °C), each sample was 


weighed again to determine the mass of reaction products that were lost to the methanol extraction. 


 


Table S6. Gravimetric analysis following methanol extraction of crosslinked UHMWPE fabric. 


crosslinker 


nominal 
loading 
(wt%) 


  
percent retention  


after loading and curing 


  
percent retention  


after methanol extraction 


vehicle ctrl 0% -0.27% ± 0.03% -0.71% ± 0.08% 


1 12.5% 8.75% ± 0.21% 0.14% ± 0.40% 


1 6.25% 4.17% ± 0.07% 0.94% ± 0.25% 


1 1.25% 0.93% ± 0.02% 0.13% ± 0.12% 


9 12.5% 8.08% ± 0.49% 7.89% ± 0.53% 


9 6.25% 4.35% ± 0.16% 3.79% ± 0.19% 


9 1.25% 0.92% ± 0.07% 0.68% ± 0.16% 
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Crosslinking of apparel fabric  
 


Loading of crosslinker into apparel fabric 


Representative apparel fabric samples of low- and high-stretch modulus were crosslinked with bis-


diazirines 1 or 9 at a nominal loading of 1wt% or 5wt%, following a similar protocol to that outlined above 


for UHMWPE fabric. Both types of fabrics were comprised of nylon and Lycra, but were selected on the 


basis of their different stretch moduli.  


For each crosslinking experiment, fabric samples were cut to 5"x6" rectangles, which were matched 


exactly to fit inside of a 5"x6" aluminum tray. Each portion of fabric was weighed, and the appropriate 


amount of crosslinker was calculated. In order to account for losses to the pan, a mass of 1.25wt% 


crosslinker was used in order to achieve a nominal loading of 1wt% in the treated fabric. Likewise 6.25wt% 


of crosslinker was used to achieve a nominal loading of 5wt% in the treated fabric. The crosslinker of 


interest was dissolved in 75 mL of pentane. For vehicle control samples, 75 mL of pentane containing no 


crosslinker was used.  


The crosslinker solution (in 75 mL of pentane, or else pure pentane for vehicle control samples) was then 


poured over the fabric sample in the close-fitting aluminum pan. The pan was covered with aluminum foil 


for 30 minutes to allow the crosslinker to penetrate into the fabric. The covering was then removed in a 


fume hood and the pentane solvent was allowed to evaporate. Following evaporation, the impregnated 


fabric sample was removed from the pan and weighed to confirm crosslinker adsorption (at ca. 1wt% or 


5wt%) within the material.  


Crosslinking of apparel fabrics under thermal and photochemical conditions 


Thermal activation was achieved by incubating the treated samples in a 110 °C oven for 4 hours. 


Photochemical activation was achieved by suspending the treated samples in a Rayonet photochemical 


reactor (RMR-600) equipped with eight 350 nm bulbs. The light output measured at the sample location 


was 1640 lux (16 W/m2). Photochemical activation was allowed to proceed for 4 hours. 


Following the 4 hour curing time, the fabric samples were again weighed to confirm that no significant 


material losses had occurred during the activation step.   


Testing of crosslinked apparel fabric samples 


The treated fabric samples were cut using scissors into 150 mm x 25 mm strips, and then the mechanical 


performance was evaluated using a James Heal Titan fabric testing machine. Each strip of fabric was pulled 


to 150% of its static extension, and then allowed to relax. The extension/relaxation process was repeated 


for 10 cycles to assess the performance of crosslinked vs. noncrosslinked material over repeated stretches. 


For apparel fabric with a low starting stretch modulus (ca. 0.5 N peak force), addition of 1wt% of bis-


diazirine 1 (followed by thermal activation) was capable of doubling the stretch modulus (ca. 1 N peak 


force) while addition of 5wt% 1 resulted in another doubling of modulus (ca. 2 N peak force). For apparel 


fabric with a higher starting stretch modulus, however (ca. 4 N peak force), 1wt% of 1 was ineffective at 


improving stretch modulus relative to vehicle control samples (Fig. S58b and c). For this stronger starting 


fabric, 5wt% of 1 was required in order to achieve a significant increase in modulus (Fig. S58c).  
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By contrast, 1wt% of crosslinker 9 (following thermal activation) was found to effect roughly the same 


increase to stretch modulus as 5wt% of crosslinker 1 (compare Fig. S58b to Fig. S58c). These data confirm 


the superior crosslinking performance of 9 relative to 1. Data from photochemically crosslinked samples 


(also using fabric of high starting modulus) likewise showed a greater increase in stretch modulus for fabric 


samples treated with 9 than for fabric samples treated with 1 (Fig. S58a). However, the maximum stretch 


modulus was lower for photochemically activates samples than for thermally activated samples, perhaps 


indicating incomplete activation under the selected UV irradiation conditions. 


 


Fig. S58. Increasing stretch modulus through crosslinking of apparel fabric with crosslinkers 1 and 9. 
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Mechanical testing of crosslinked UHMWPE fabric  
 


General fabric preparation procedure A (thermo-activation) 


Commercial 75 g/m2 UHMWPE fabric was impregnated with each test compound, by placing a piece of 


fabric of desired dimensions into close-fitting aluminum filled with a solution of the desired bis-diazirine 


or molecular control in pentane/diethyl ether at the appropriate concentration. The concentration was 


calculated to correspond to 1 wt% (plus an extra 0.25 wt% to compensate for crosslinker deposited on 


the sides and bottom of the aluminum pan), relative to the mass of fabric being employed in the 


experiment. The bath was covered with aluminum foil and incubated at room temperature for 30 min. 


The cover was then removed to allow the solvent to evaporate in a fume hood for 20 min. After solvent 


evaporation, the impregnated sheets were wrapped in aluminum foil and placed into an oven at 110 °C 


for 4 h. 


Vehicle control samples were prepared following the same procedure, but without adding crosslinker in 


the solvent bath.  


Molecular control samples were prepared following the same procedure but with the crosslinker replaced 


by the corresponding molecular control 10 bearing only one diazirine moiety.  


 


General fabric preparation procedure B (photo-activation) 


Commercial 75 g/m2 UHMWPE fabric was impregnated with each test compound, by placing a piece of 


fabric of desired dimensions into close-fitting aluminum filled with a solution of the desired bis-diazirine 


or molecular control in pentane/diethyl ether at the appropriate concentration. The concentration was 


calculated to correspond to 1 wt% and 0.2 wt% (plus an extra 0.25 wt% to compensate for crosslinker 


deposited on the sides and bottom of the aluminum pan), relative to the mass of fabric being employed 


in the experiment. The bath was covered with aluminum foil and incubated at room temperature for 30 


min. The cover was then removed to allow the solvent to evaporate in a fume hood for 20 min. After 


solvent evaporation, the impregnated sheets were placed into a home-built photoreactor, constructed 


from a 15 cm diameter pyrex crystallizing dish (7.5 cm in height), wrapped laterally with 2.5 m of 395 nm 


LED Strip Lights, (Waveform Lighting) and irradiated for 5 min.  


Vehicle control samples were prepared following the same procedure, but without adding crosslinker in 


the solvent bath. 
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Tensile testing of crosslinked fabric using procedure A (thermo-activation) 


Tensile tests were conducted on samples 75 mm × 250 mm in size, using an Instron 5969 dual column load 


frame. Each sample was inserted into the grips in such a way that 50 mm from each end of the fabric was 


clamped within each grip. Consequently, the area between the grips (i.e. the area upon which the tensile 


experiment was performed) had dimensions of 150 mm x 75 mm. To ensure consistent results, three 


samples were analyzed for each treatment condition. The loading rate was 5 mm/min. The force-


displacement curves (Fig. S59) indicated that the maximum load was considerably increased in UHMWPE 


that had been crosslinked with bis-diazirines 9 and 3, compared to both untreated and vehicle control 


samples.  


 


Fig. S59. Force-displacement curves obtained during tensile testing of variously treated UHMWPE samples. 
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Table S7. Composition of samples prepared for tensile test. 


sample 


loading 
(wt%) 


wt. of 
fabric 


(g) 


wt. of 
crosslinker 


(mg) 


wt. of 
fabric 
after 


curing 
(g) 


wt. gain 
/loss 
(mg) 


wt% 
gain/loss 


wt. after 
extraction 


with 
pentane 


(g) 


wt. 
gain/loss 


(mg) 
wt% 


gain/loss 


vehicle 
control 


0 3.4436 --- 3.4442 0.0 0.0% 3.4478 0.0 0.1% 


3.4182 --- 3.4197 0.0 0.0% 3.4187 0.0 0.0% 


3.4806 --- 3.4791 0.0 0.0% 3.4771 0.0 -0.1% 


1 1.25 3.4034 42.5 3.4425 39.1 1.1% 3.4397 36.3 1.1% 


3.4303 42.8 3.4509 20.6 0.6% 3.4492 18.9 0.6% 


3.4214 42.7 3.4508 29.4 0.9% 3.4503 28.9 0.8% 


9 1.25 3.4607 43.2 3.4948 34.1 1.0% 3.4948 34.1 1.0% 


3.4224 43.7 3.4695 47.1 1.4% 3.4628 40.4 1.2% 


3.4177 42.7 3.4476 29.9 0.9% 3.4485 30.8 0.9% 


3 1.25 3.3969 42.5 3.4392 42.3 1.2% 3.427 30.1 0.9% 


3.4284 42.8 3.4711 42.7 1.2% 3.4592 30.8 0.9% 


3.4037 42.5 3.455 51.3 1.5% 3.4405 36.8 1.1% 
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Tear test of crosslinked fabric using procedure A (thermo-activation) 


Tear resistance of fabric was characterized according to ASTM D2261. In a sample of 100 mm × 100 mm, 


a centered edge cut of 50 mm in length was introduced using a hot wire cutter. The two “legs” of the 


sample were then clamped symmetrically, over a length of 25 mm on each, in a universal testing system 


(Instron, Series 5969), and pulled apart at a rate of 30 mm/min, while the force-extension curve was 


recorded. Five samples of each group were tested. The force–displacement results are shown in Fig. S60. 


 


Fig. S60. Force-displacement curves obtained during tear testing of variously treated UHMWPE samples. 


 


 


 


 


 


 


 


 


 


0


200


400


600


800


1000


1200


0 20 40 60 80 100


Fo
rc


e 
(N


)


Displacement (mm)


1 (1 wt%)


3 (1 wt%)


9 (1 wt%)


10 (1 wt%)


vehicle control


untreated







page S59 


Table S8. Composition of samples prepared for tear test. 


sample 


loading 
(wt%) 


wt. of 
fabric 
(mg) 


wt. of 
crosslinker 


(mg) 


wt. of 
fabric 
after 


curing 
(mg) 


wt. gain 
/loss(mg) 


wt% 
gain/loss 


wt. after 
extraction 


with 
pentane 


wt. 
gain/loss 


(mg) 
wt% 


gain/loss 


vehicle 
control 


0 796.8 --- 796.2 -0.6 -0.1% 795.2 -1.6 -0.2% 


818.6 --- 805.4 -13.2 -1.6% 804.7 -13.9 -1.7% 


816.7 --- 798.8 -17.9 -2.2% 799.7 -17 -2.1% 


805.2 --- 809.6 4.4 0.5% 802.1 -3.1 -0.4% 


809.5 --- 808.2 -1.3 -0.2% 807.5 -2 -0.2% 


1 1.25 844.3 10.6 844 -0.3 0.0% 838.9 -5.4 -0.6% 


820.4 10.4 850.1 29.7 3.6% 811.6 -8.8 -1.1% 


915 11.4 942.2 27.2 3.0% 807.8 -107.2 -11.7% 


830.6 10.4 839.4 8.8 1.1% 790.8 -39.8 -4.8% 


825.8 10.3 805.6 -20.2 -2.4% 802.3 -23.5 -2.8% 


9 1.25 775.1 9.7 784.9 9.8 1.3% 783.8 8.7 1.1% 


793.8 9.9 801.8 8 1.0% 801.8 8 1.0% 


797.2 10 805.6 8.4 1.1% 805.1 7.9 1.0% 


787 9.8 795.4 8.4 1.1% 795 8 1.0% 


789.8 9.9 799.3 9.5 1.2% 798.7 8.9 1.1% 


3 1.25 779.8 9.7 786.8 7 0.9% 787.7 7.9 1.0% 


790.1 9.8 798.4 8.3 1.1% 799.2 9.1 1.2% 


807.6 10.1 816.1 8.5 1.1% 815.3 7.7 1.0% 


793.5 9.9 805.3 11.8 1.5% 801.7 8.2 1.0% 


802.2 10 813.1 10.9 1.4% 812.6 10.4 1.3% 


10 1.25 816.3 10.4 811.1 -5.2 -0.6% 816.8 0.5 0.1% 


822.7 10.3 811.1 -11.6 -1.4% 810.2 -12.5 -1.5% 


792 9.9 795.6 3.6 0.5% 798.4 6.4 0.8% 


735.6 9.2 769.6 34 4.6% 768.4 32.8 4.5% 


790.3 9.9 790.7 0.4 0.1% 789.9 -0.4 -0.1% 
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Integration of tear testing curves 


To better compare the results from tear testing, the force−extension curves were integrated over the first 


50 mm of extension. This value was chosen because at this extension, none of the fabric samples had 


exhibited failure. The resulting values of tear energy, expressed in Joules (J), were then averaged for each 


type of cross-linked fabric. 


Table S9. Integration of tear testing curves up to 50 mm extension. 


treatment 


average 
tear energy 


(J)  


standard 
deviation 


number of 
replicates 


untreated 1.70 ± 0.2 5 


vehicle control 1.9 ± 0.5 5 


1 (1wt%) 3.4 ± 0.7 5 


9 (1wt%) 4.5 ± 0.3 5 


3 (1wt%) 4.2 ± 0.6 5 


10 (1wt%) 2.1 ± 0.3 5 
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Tear test of crosslinked fabric using procedure B (photo-activation) 


Tear resistance of fabric was characterized according to ASTM D2261. In a sample of 100 mm × 100 mm, 


a centered edge cut of 50 mm in length was introduced using a hot wire cutter. The two “legs” of the 


sample were then clamped symmetrically, over a length of 25 mm on each, in a universal testing system 


(Instron, Series 5969), and pulled apart at a rate of 30 mm/min, while the force-extension curve was 


recorded. Five samples of each group were tested. The force–displacement results are shown in Fig. S61. 


Fig. S61. Force-displacement curves obtained during tear testing of variously treated UHMWPE samples. 


 


 


Fig. S62. Photo-crosslinking of fabrics using a home-built photoreactor operating at 395 nm for 5 min (general procedure B). 
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Fig. S63. Photocured fabrics with 1, 0.2, and 0 wt% of crosslinker 9. 
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用途名 
Use application 


半導体製造装置向け配線 
Wiring for semiconductor manufacturing equipment 
クリーンルーム内配線 
Semiconductor cleanroom internal wiring 


規制対象候補物(CAS 
RN) 
Candidates for regulated 
substances(CAS RN) 


FEP（25067-11-2） 
PFA（26656-00-5） 
ETFE（68258-85-5） 


用途の最終製品一般名 
End-product name of 
application 


ULstyle1330、1333、1727 28-10 AWG 


用途の部品一般名 
Product name of 
application 


前記電線の絶縁材料 
Insulating material of the wire 


用途説明(詳細)   
Application description 


UL1330 14AWGワイヤを例に写真を示します。 
UL1330 14AWG shows a wire photo as an example。 


ワイヤ自体の写真 Wire Photo 1 
 
UL1330 14AWGが使用されている半導体製造装置の例を写


真 2 で示します 
An example of a semiconductor device which UL1330 
14AWG is used is shown in Photo 2. 


半導体装置の写真 A semiconductor device Photo 2 
代替不可の技術的説明 
Technical explanation of 
non-substitutability 


1）本電線の使用雰囲気温度 150℃超である。よって代替案


で示されている以下の被覆材料はこの要求を満たさない。 
The operating ambient temperature of the electric wire used 
in this apparatus is over 150℃. Thus, the following covering 
materials shown in the alternatives do not meet this 
requirement. 
EPDM：定格 90℃前後 
EPDM: Rated around 90℃ 
軟質ポリ塩化ビニル：定格 60～105℃ 
Soft polyvinyl chloride: rated 60~105℃ 


 


 







ポリエチレン：定格 80～125℃ 
Polyethylene: Rated 80~125℃ 
 
2）シリコーンゴムは 180℃定格ではあるが、半導体装置に


影響を及ぼすシロキサンが発生するので代替不可。 
Although silicone rubber is rated at 180℃, it cannot be 
replaced because it generates siloxanes that affect 
semiconductor equipment. 
 
ここでいうシロキサンを大量に含んだガスを私たちは総称し


てアウトガスと呼んでいる 
We collectively refer to the gases containing large amounts of 
siloxanes as outgassing, here. 
 
シリコーンゴムと UL1330 14AWG に適用されたフッ素樹


脂（FEP)のアウトガス量を図 1 に示す 
Figure 1 shows amount of outgassing of fluoropolymer (FEP) 
applied to silicon rubber and UL1330xxAWG. 
図 1 に示されたデータは NASA で測定したアウトガスデータ


（TML）である。 
The data in Figure 1 is outgassing data (TML) measured by 
NASA. 
 
フッ素樹脂（FEP)の放出量はシリコーンゴムの 100 分の 1
よりも小さい 
 Amount of outgassing of fluoropolymer (FEP) material are 
less than 1/100th of silicone rubber. 


図 1 アウトガスデータ Figure 1 Outgassing data 
 
３）その他以下の課題で代替が困難 
Other issues that are difficult to substitute 
マイカ、セラミックベースでは装置に影響するパーティクル


が発生するため、代替不可。 
Mica and ceramic bases cannot be replaced because 
particles that affect the device are generated. 
 


 







ふっ素樹脂は絶縁能力が高いため薄肉が可能であり、その


為、ユーザーの要求（細い電線）に応えることが出来る。  


しかし、他の樹脂は肉厚になる為、外径が太くなってしまい


代替としては不向きである。 
Since fluoropolymer has high insulating ability, it can be thin-
walled, so it can meet user requirements (thin electric 
wires).However, since other resins become thick, the outer 
diameter becomes thicker and is not suitable as a substitute. 
 
具体的にふっ素樹脂 PFA とポリエチレンの誘電率を比較す


る。ポリエチレンは 2.3-2.4 に対し、PFA は 2.1。PFA の方


がより低い値。この誘電率差や誘電正接差が、電線絶縁厚の


細径可否に影響する。 
Specifically, the dielectric constant of fluoropolymer PFA and 
polyethylene is compared. Polyethylene is 2.3-2.4 compared 
to PFA 2.1. PFA is lower. This dielectric constant difference 
and dissipation factor difference affect whether or not the wire 
insulation thickness can be thin. 


使用量の情報 
Information of usage 


PEEK は材料の供給能力が足りない為、代替不可（PFA、
FEP、ETFE で約 1.7ｔ/月使用）。PEEK 材料の供給能力は最


大 300kg/月と少ない 
PEEK cannot be substituted due to insufficient material 
supply capacity (PFA, FEP, ETFE is used at about 1.7 
tons/month). PEEK material supply capacity is as low as up 
to 300 kg/month 
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The Global Initiative for Chronic Obstructive Lung Disease (GOLD) is an international organization that works with health care professionals (HCPs), health officials and the general public to raise awareness for Chronic Obstructive Pulmonary Disease (COPD) and to improve prevention and treatment for this lung disease.  In general, we welcome the proposed regulation of per- and polyfluoroalkyl substances (PFAS) chemicals by the European Union which is being evaluated by the European Chemicals Agency (ECHA).

COPD represents an important public health challenge that is both preventable and treatable.  COPD is a major cause of chronic morbidity and mortality throughout the world: many people suffer from this disease for years and die prematurely from it or its complications.  Globally, the COPD burden is projected to increase in coming decades because of the continued exposure to COPD risk factors and aging of the population.

Medicines delivered to the lungs via metered dose inhaler (MDI) devices remain crucial treatment options for asthma and COPD patients globally, since for many of them alternative types of delivery devices for inhaled therapy are not appropriate or accessible. Due to increased regulations on F-gases, due to their global warming potential (GWP), many pharmaceutical companies are in the process of developing next generation inhaler devices using lower or negligible GWP propellants.  Such metered dose inhaler devices will be transitioning to next-generation hydrofluorocarbon (HFC) or hydrofluoroolefins (HFO) propellants and transitioning away from current hydrofluorocarbons.

There are, currently, two alternative propellants in development for medical use in pMDIs – HFC-152a (which is subject to phase down under the Kigali Amendment and EU F-Gas Regulation), and HFO-1234ze(E) (which falls within the scope of this restriction proposal, but is not subject to phase down under the Kigali Amendment and EU F-Gas Regulation). Other alternatives have been investigated by the industry but are considered unsuitable for use in pressurized metered dose inhalers.

Pharmacological therapy for COPD is used to reduce symptoms, reduce the frequency and severity of exacerbations, and improve exercise tolerance and health status.  There is also evidence that supports a reduction in mortality.  Metered dose inhalers remain an important treatment option for medication delivery for the everyday management of many patients around the world. Moreover, salbutamol, also known as albuterol, is the most commonly prescribed rescue inhaler given to chronic respiratory disease patients around the world.  It is among the cheapest inhalers available and listed on the World Health Organization’s Essential Medicines List for all countries.  Currently, this medication has little current availability outside of metered dose inhalers.

Europe is a global manufacturer of inhalers. We are concerned that a restriction on propellants for inhalers as an outcome of the ECHA PFAS proposal, will result in the inability for millions of patients to access essential medicines. 

GOLD calls on the EU legislators and all those involved in regulations relevant to inhalers to: 

i) Ensure that medical supplies of current propellants remain available until inhaled medications with low global warming potential become available in sufficient quantities for all patients everywhere. 

ii) Ensure sufficient time is allowed for new inhaler devices with low global warming potential to be developed and prescribed for vulnerable people such as, those with limited manual dexterity and people with COPD in poorer nations. 
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1. About Assogomma


1 About Assogomma
Assogomma is the Italian Association among manufacturers of rubber articles,
electric cables and other similar products, established in 1945.


Assogomma represents about 200 firms, a total production of about 550.000
ton, a turnover of about 5 bilion euro and about 25.000 employees (Italy). It
is a sector strongly exportation-oriented (about 80%). Complementary economic
operators (e.g. providers) are Assogomma members as well.


2 Abstract
The italian rubber industry shares the objective to address the concerns related
to the use of PFASs, even adopting a precautionary approach. We nevertheless
propose some observations concerning the approach adopted in the restriction
proposal.


In fact the scope of the restriction proposal coincides with the whole class of
PFASs, which is a very large and heterogeneous group of chemicals, with a very
wide range of chemico-physical and eco-toxicological properties. PFASs class is in
fact defined based on a very simple structural similarity criterion: using it for the
definition of the restriction scope is a simplistic approach which would indiscrimi-
nately and unjustifiably target also non-hazardous materials such as fluoroelasto-
mers.


Chemicals should be targeted according to their potential concern, which needs
the evaluation of several aspects and cannot be based on just one single structural
element.


Fluoroelastomers are safe materials, with unique properties that make them
irreplaceable in a series of technological applications, many of which of great value
for European society, being the basis for digital and green transitions, for example
lithium-ion batteries for electric mobility.


The concerns related to their life cycle are linked to the use of fluorinated
surfactants during the production phase. This problem has been targeted in last
years through improvements of risk management measures but further action is
indeed required. Ongoing R&D efforts are aimed at the development of alternative
technologies, which do not require fluorinated polymerization aids, with promising
results.


Fluoroelastomers, and in general fluoropolymers, should be excluded from the
scope of the restriction. Remaining concerns related to the use of fluorinated
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3. General observations on the restriction proposal


polymerization aids should instead be addressed through regulatory actions.


3 General observations on the restriction pro-
posal


3.1 Critical analysis of restriction scope
The scope of the restriction proposal applies to the whole class of PFASs, based
on the definition proposed by the Organization of Economic Cooperation and
Developement (OECD) in 2021 [12], according to which a PFAS is any chemical
with at least a perfluorinated methyl group (−CF3) or a perfluorinated methylene
group (−CF2−) (without any H/Cl/Br/I attached to it).


The aim of the Authors of the OECD 2021 document was to provide a simple,
consistent and coherent definition, which could easily be used also by non-experts,
fixing at the same time some issues of the previous definition proposed by Buck et
al. in 2011 [4].


This resulted in a very broad definition - based solely on some features of the
chemical structure - including (thousands of) molecules which show very different
chemico-physical and (eco)toxicological properties.


As underlined by the Authors: [12]


1. there is no correlation between meeting the definition of PFAS and haz-
ardousness: “the term PFAS does not inform whether a compound is harmful
or not, but only communicates that the compounds under this term share
the same trait for having a fully fluorinated methyl or methylene carbon
moiety.”


2. this definition has to be used with caution: “ ... PFAS is a broad, general,
non-specific term, which should only be used when talking about all the
substances included in the PFAS definition described here (or the user should
clearly define the scope of which substances are being referred to as PFASs
in the documents they prepare).”


A lack of caution would introduce ambiguity and even factual error in the
statements, as some common examples reported in table 1 show.


Moreover the definition was not intended as a base for decisions on how PFASs
should be grouped and managed in regulatory or even voluntary actions. [12]
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3.1 Critical analysis of restriction scope


Table 1: Examples of ambiguous statements and associated good practices of using
more specific PFAS terminology to refine these statements[12]


In fact even structural isomers can show very different properties: this is even
more evident for molecules with very different structures.


This is acknowledged by the restriction proposal Submitters, who neverthe-
less justify the grouping approach relying solely on the common property of per-
sistence of the molecules themselves or of their degradation products (so-called
arrowheads).


This approach follows the opinion recently expressed by a group of Authors in
a critical review [5] and a viewpoint article [13].


However persistence alone is not necessarily an hazard per se and in fact in
REACH Regulation this feature is always taken into consideration together with
other properties (e.g. toxicity and bioaccumulation).


Some PFASs - as defined in the proposal - are indeed hazardous, but not
because they are persistent (i.e. very stable), or due to some structural elements
(such as a −CF3), but due to some chemical functional properties that allow these
molecules to exert adverse effects on biological systems.


In order to select a priori the potentially hazardous molecules in a class, such as
PFASs, a detailed assessment should be applied. Such assessment should be based
on the evaluation of those functional properties which can potentially exert adverse
effects. This approach requires the knowledge of the mechanisms that determine
the hazardousness of a known molecule with the aim to identify compounds which
are expected to exert similar effects on biological systems. This kind of assessment
is of course much more complex than a simple structural criterion and it requires
the evaluation of a quite large amount of information.
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3.1 Critical analysis of restriction scope


It has to be underlined as well that this approach cannot draw to certain con-
clusions, which can only be obtained by specific studies, but it allows to classify
substances according to their potential hazardousness and take proportionate de-
cisions based on precautionary principle.


Moreover, in addition to the biological action, the tendency of the substance
to distribute in the environment - and therefore to reach the target organisms
and eventually bioaccumulate - has to be considered as well. The mechanisms
through which a substance distributes and moves in the environment depend on
its chemical and physical properties and therefore substances having in common
only few molecular features (e.g. −CF3 or −CF2− groups) can have very different
environmental fates.


Both the hazardousness and the environmental fate of a substance concur to
its overall concern, which themselves depend on the physical and chemical features
of the individual molecules.


In conclusion, similarity can be considered a valid approach to classify molecules
according to their potential concern, based on a predictive assessment, however this
assessment requires the evaluation of several elements and cannot be based on just
one single structural element (e.g.the presence in the molecule of −CF3 or −CF2−
groups only).


The predictive assessment of the physicochemical, biological and environmental
fate properties of compounds from the knowledge of their chemical structure can
be supported by mathematical models, such as QSAR, or techniques such as read-
across.


At a general qualitative level, it can be observed that PFAS with recognized
ability to interact negatively with biological systems are characterized by limited
molecular weights (not comparable to polymers’ high molecular weights) and the
presence of a polar functional group. These features can, for example, be found in
the 20 PFAS compounds analyzed in a very recent paper by Beccacece et al. on
molecular responses to PFAS exposure [3].


Considering transport mechanisms and consequent environmental fate, remain-
ing at a qualitative level, it can be observed that PFASs, even non-polymeric ones,
show in general low solubility in water, which is nevertheless compensated, in cer-
tain conditions, by the ability to organize in supramolecular structures, highly
mobile in water [11]. These phenomena require a relative low molecular weight (in
the order of 5-20 carbon atoms) and the presence of at least one hydrophilic group
(such as, for example, carboxyl, sulfonic, or hydroxyl groups).
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3.2 Fluorinated surfactants


3.2 Fluorinated surfactants
PFOA is well known among PFASs, since its ammonium salt was one of the first
process additives used for the production of fluoropolymers, together with ammo-
nium salt of perfluorononanoic acid (PFNA). These substances belong to the class
of fluorinated surfactants, which are required by emulsion polymerization tech-
nique, which has been used for decades to produce plastic fluoropolymers, such as
PTFE, and fluoroelastomers, such as FKM.


Fluorinated surfactants are added in an amount of about 1 − 1.5% respect to
the polymer. At the end of the polymerization reaction the fluorinated polymer,
which constitutes about 25−30% of the emulsion, is separated by coagulation. The
majority of the surfactants remain in the aqueous phase, while a negligible part
remains in the polymer. The aqueous phase is treated by using the most updated
best available techniques (BAT) before being released in the environment, in order
to remove the surfactants. In case of potential contaminated sludge waste, this is
treated by incineration before disposal.


Considering the hazardousness of these two substances (PFOA, PFNA), the
main fluoropolymers producers, taking part to the PFOA Stewardship Program in
2010–2015, committed to their elimination from production processes, substituting
them with other surfactants, such as, for example, ammonium salts of carboxylic
acids with a per- or poly-fluoroalkyl ether as hydrophobic chain (PFECAs). Due
to their chemico-physical properties, these new substances show the same ability to
form emulsions in water and a high stability to chemical or biological degradation.


An example is the ammonium salt of hexafluoropropylene oxide-dimer acid
(HFPO-DA) that, although maintains the same persistence as PFOA, it has been
strongly improved in terms of bioaccumulation level in humans and toxicity, but
still raising some concern because of its mobility in water.


Other similar examples are the PFECAs, cC6O4 and ADONA.
We therefore acknowledge that the use of fluorinated surfactants in polymer-


ization processes needs the implementation of a careful risk management. Despite
improvements have been made in last years to limit environmental exposure, fur-
ther actions are needed.


At the same time we underline that the principle that should guide future ac-
tions shall avoid regrettable substitutions also by using grouping approach based
on chemical and functional similarity. At the same time the future actions should
be proportionate measures and be focussed on the real issues, avoiding an indis-
criminate approach, which would unjustifiably deprive European society of many
technologies, key for the realisation of plans considered strategic like digital and
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3.3 Focus on fluoroelastomers


“green” transitions.


3.3 Focus on fluoroelastomers
Considering fluoroelastomers, and fluoropolymers in general, they don’t show any
chemical similarity with fluorinated surfactants, since:


1. due to their high molecular mass these materials are insoluble in water and
not bioavailable;


2. the lack or the very small amount of functional groups (compared to the
molecular mass) make these materials unable to interact with biological sys-
tems (non bioavailable, non bioaccumulative and non toxic).


Moreover fluoropolymers are particularly stable from the thermal, biological and
chemical points of view and they don’t degrade under intended use conditions.
They cannot penetrate cell membranes and cannot bioaccumulate.


In a recent study by Korzeniowski et al. [9] it was demonstrated for a series
of fluoropolymers available on the market, fluoroelastomers included, that they
fulfil the Polymer of Low Concern (PLC) definition. The study integrates and
supplements an earlier paper by Henry et al. [8].


The assessment took into consideration several aspects, including weight per-
centage of low molecular weight fractions and impurities, such as monomers,
oligomers, processing aids, and their leaching tendency.


Of course a complete and sound assessment requires an analysis of the whole
life cycle of the fluoropolymer, taking into consideration not only the intrinsic
properties of the material, but also:


• the properties and amount of the substances released during use phase;


• the properties of the substances used for its production and related emissions;


• the properties of the substances released at the end of life cycle.


3.3.1 Use phase


The assessment drawing to the conclusion that fluoropolymers are Polymers of Low
Concern[9] allows to assume that no significant amount of non-polymeric PFAS are
present in the fluoropolymers and therefore non-polymeric PFAS are not released
during subsequent transformation stages and during product lifetime.
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3.3 Focus on fluoroelastomers


Moreover in fluoroelastomers crosslinking among polymeric chains - and con-
sequent formation of a continuous elastomeric network - suppresses in general
mobility of medium-low molecular weight substances present in the material.


Thus the primary focus remains non-polymeric PFASs from the manufacturing
process or fluoropolymer degradation during end-of-life disposal.


3.3.2 Manufacturing phase


As expressed in section 3.2, the main issue is linked to the manufacturing phase and
is not related to the fluoropolymer itself, but to the use (and related emissions) of
processing aids: mainly non-polymeric PFAS substances, which can be transported
in water bodies.


Many efforts have been made in last years by fluoropolymers producers in
order to improve and develop the best available techniques in the manufacturing
process, with the aim to manage the environmental emissions. Important results
have been reported by major manufacturers, such as fluorinated processing aids
(PA) recovery for reuse, 99% removal of fluorinated PA in wastewater treatment,
99.99% capture and destruction efficiency of gaseous emissions through a thermal
oxidizer [9].


Based on these numbers and considering an estimated global fluoropolymers
production of ∼ 4 × 105t/y in 2022, it is possible to estimate a fluorosurfactants
environment emission of less than ∼ 150t/y. Focussing on FKM fluoroelastomers
(about 15% of total fluoropolymers production [10]), emission can be estimated in
less than ∼ 20t/y.


Moreover R&D projects are being carried out by some major manufacturers
with the aim of replacing fluorinated PAs with non-fluorinated PAs, or without
the use of any processing aid.


Some preliminary results show that fluoropolymers obtained making use of
non-fluorosurfactant technologies, without the use of any surfactant, shows un-
detectable (LOQ = 1.0 ng/g) content of perfluoroalkylcarboxylic acids and per-
fluoroalkanesulfonates (see tables 2 and 3). These results demonstrate that it is
possible to exclude the risk of formation of fluorinated short-chain PFAS of concern
during polymerization.


Other ongoing R&D projects are aimed at the substitution of emulsion poly-
merization with other technologies, for example the polymerization in suspension
already experimented by Asahi (US 4985520). This technology was later updated
in order to increase reaction rates and improve distributions of molecular weights,
which has important effects on the subsequent processability of the polymer. On
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3.3 Focus on fluoroelastomers


Perfluoroalkylcarboxylic acids (ng/g)
smp. PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFUnDA PFDoDA PFTrDA PFTeDA


1 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
2 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
3 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
4 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0


Table 2: Quantification results (LC-MS/MS) of perfluoroalkylcarboxylic acids
(from PFBA to PFTeDA) in a fluoropolymer manufactured with non-
fluorosurfactant technology (Kind permission of Solvay).


Perfluoroalkanesulfonates (ng/g)
smp. PFBS PFPeS PFHxS PFHpS PFOS PFNS PFDS PFDoS
1 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
2 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
3 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
4 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0


Table 3: Quantification results (LC-MS/MS) of perfluoroalkanesulfonates (from
PFBS to PFDS and PFDoS) in a fluoropolymer manufactured with non-
fluorosurfactant technology (Kind permission of Solvay).
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3.3 Focus on fluoroelastomers


the other hand also the use of non-fluorinated surfactants is known to decrease
reaction rates, but even in this case, further research could lead to interesting
results.


In any case our industry, committed to a continuous increase of safety and
reduction of environmental impact, is ready to face the investments required by
the adoption of these cleaner technologies.


3.3.3 End-of-life


According to a recent End-of-life (EOL) analysis performed by Conversio [6], al-
most 84% of all fluoropolymer applications are incinerated at the end of their life in
energy recovery or thermal destruction processes. The remaining of the collected
fluoropolymer waste is landfilled (≃ 13%) or recycled (≃ 3%).


The possible formation of PFAS (short chain or long chain) during incineration
of fluoropolymers was investigated in a peer-reviewed study published in Chemo-
sphere [1]. The study concluded that at the typical conditions foreseen by best
available technologies, municipal incineration of PTFE is not a significant source
of PFAS.


Further investigation was recently performed by Karlsruhe Institute of Tech-
nology (KIT) [7], that analysed incineration of post-use samples containing four
different fluoropolymers, including fluoroelastomers (PTFE, PVDF, PFA, FKM).
This study provides strong evidence that incinerating a mixture of fluoropolymers
under representative municipal waste combustion conditions leads to complete
mineralization of the C-F bonds, no significant emissions of long-chain PFAS, and
no significant emissions of TFA or light fluorocarbons such as CF4 or C2F6.


Concluding this section, meeting the OECD PFAS definition, which includes
a huge number of substances with very different properties, is not a sufficient
condition for a substance to be considered hazardous. In particular fluoroela-
stomers - and in general fluoropolymers - constitute, among PFASs, a subset of
non-hazardous substances, which should be excluded from the scope of the restric-
tion.


This evidence-based approach has been recently adopted by UK HSE, which, in
the RMOA published in march 2023, considers it appropriate to explicitly exclude
fluoroelastomers and in general fluoropolymers from a restriction on PFAS [2].
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4. Fluoroelastomers / fluoropolymers of interest


4 Fluoroelastomers and other fluoropolymers used
in rubber sector


In rubber sector only polymeric PFAS are used. Fluoroelastomers, such as FKM
and FFKM, and fluorosilicones (FVMQ) are used as main constituent (50% - 95%)
of certain kinds of rubber articles. Other fluoropolymers, such as PTFE, can be
used as surface coating, in order to reduce friction or to improve surface chemical
resistance, or, in powder form, as additive in the rubber compound, mostly for its
anti-friction properties.


A list of fluoroelastomers and other fluoropolymers used in rubber sector is
provided in table 4.


FP Description
FKM fluoro rubber having substituent fluoro, perfluoroalkyl, or perfluo-


roalkoxy groups on the polymer chain
FFKM perfluoro rubber in which all substituent groups on the polymer chain


are fluoro, perfluoroalkyl, or perfluoroalkoxy groups
FVMQ fluorosilicone rubber
FEPM copolymer of tetrafluoroethylene and propylene
FEP copolymer of tetrafluoroethylene and hexafluoropropylene
PTFE Polytetrafluoroethylene
PCTFE polymer of chlorotrifluoroethylene
PVDF polyvinylidene fluoride
PFA copolymer of TFE fluorocarbon monomers containing perfluoroalkoxy


side chains


Table 4: Fluoroelastomers and other fluoropolymers used in the rubber sector


5 Rubber articles containing fluoroelastomers and
market data


Fluoroelastomers are key materials to produce a very large variety of rubber ar-
ticles, which are used in several downstream sectors as components in complex
articles/systems.


They can be grouped as follows:
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6. Application sectors


• sealing elements of various sizes and shapes, such as o-rings, gaskets, di-
aphragms, washers, etc.


• hoses


• mechanical parts


• “other”, such as components for fashion sector.


In table 5 a quantification of italian market of rubber articles made of fluo-
roelastomers or containing fluoropolymers is shown. Figures are derived from a
survey among Assogomma members; the total italian market can be estimated in
about 5.000 ton. In any case, it is a relatively small, though growing, market in
terms of volume, but it has a fundamental role in the technological value chain,
since fluoroelastomer components are key for a number of strategical applications,
as shown in next sections.


2021 (ton) 2022 (ton) ∆(%)
Sealing elements 1.736 1.784
Hoses 1.099 1.073
Mechanical parts + other 127 152
Total 2.962 3.009 +1,6%


Table 5: Italian market (volumes expressed in ton) of rubber articles made with
fluoroelastomers or containing fluoropolymers. The figures are derived from a
survey conducted by Assogomma among its members. The total italian market
can be estimated in about 5.000 ton.


6 Application sectors
The global market of fluoroelastomers can be estimated in about 3.5 × 104t.
Fluoroelastomers-based rubber components are used in several sectors, the main
ones being listed above:


Automotive : e.g.: turbochargers, sealing elements for electrical motors, intake
manifold seals, fuel pump seals, fuel injector seals, fuel filter seals, quick con-
nectors seals, turbocharger seals, EGR seals, fuel tank seals, engine cooling
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6. Application sectors


system and thermal management seals, power steering, powertrain (trans-
mission and clutch), rotary shaft seals, components for transmissions, com-
ponents for power transfer units (PTU), EGR’s or Secondary air valves used
in car/truck, shock absorbers for high temperatures and in contact with oils,
other components for automotive / agricultural vehicles / marine diesel en-
gines, sealings for gas injectors, membranes for gas regulators, sealings for
oil filters, sealings for cooling systems, etc.


Chemical industry : e.g. o-rings, sealing elements, hoses and other components
installed in machinery for the production of chemical products (in contact
with aggressive fluids at high temperatures), hermetic sealings for contain-
ers of hydrocarbon derivatives, sealing applications in valves for contact with
gases (such as methane or hydrogen), sealings used in devices for transporta-
tion of chemicals (e.g. used to treat metals), sealing for galvanization process
devices, perimetral gaskets for chemical plants, expansion joints, etc.


Oil & gas : e.g. explosive decompression resistant seals for mining and drilling
applications, gaskets, hoses, profiles, sealings for pipes, valves, and joints,
etc.


Pharmaceutical : e.g. sealing rings, hoses, etc.


Food contact : e.g. o-rings, gaskets, sealings for static and dynamic applications,
hoses, profiles, etc. These components can be used to manufacture consumer
articles (for example household appliances, such as immersion mixers), or,
more frequently, industrial plants for foodstuff processing (for example sta-
tors for progressive cavity pumps used in food industry).


Semiconductors / electronics : gaskets, profiles, hoses, sealings (for example
used in devices for transportation of ultra-pure water), o-rings, etc. used in
buffer, semicon and chipset production plants and machineries (i.e. photoli-
tography, etching, etc.).


For these main application sectors, a rough estimation of the respective market
shares is provided in table 6.


Other application sectors are:


Cosmetics & personal care : e.g. o-rings for spray cans or other sealing ele-
ments, hoses used in manufacturing phase.
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6. Application sectors


Sector Share
Automotive ≃ 80%
Chemical - Oil&Gas ≃ 10%
Pharmaceutical - Food Contact - Semiconductors - Electronics ≃ 10%


Table 6: Main technological end-use sectors for fluoroelastomers-based rubber
parts.


Construction : e.g. components for tanks, drills, filters, pressfittings, o-rings,
gaskets, sliding elements, bearings, thermal expansion joints (e.g. for railway
bridges).


Medical devices : e.g. sealings designed for contact with medical gasses, sealings
for sterilization devices, etc.


Metal plating and manufacturing of metal products : e.g. rubber coating
for metal rolls to be used in metal lamination process.


Energy applications, including batteries and hydrogen : e.g. hoses, gas-
kets used in electrical devices, switches, batteries, electric motrs, connectors,
components of marine diesel engines (for power generation), boilers (in con-
tact with condensates and flames), components used in the transmission of
wind turbines (in contact with greases at high temperatures), sealing solu-
tions for gas, valves, etc.


Aviation / Aerospace : electric cable sheathing, o-rings, gaskets, tubes, pipes,
hoses and other technical items for aerospace applications.


Earth moving and agricultural machinery / marine transmission : e.g. ro-
tary shaft seals.


Household appliances : e.g. gaskets, membranes and other technical articles
(ex. washer sleeve) used in domestic appliances (ex washing machines).


Hydraulic and pneumatic : e.g. gaskets, check valves, membranes.


Water and wastewater treatment : hoses, gaskets, sealing components for
drinking water plants / water conveying systems.


Fashion sector : e.g. watch stripes, crown, pusher, case made with FKM or
covered with FKM.
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7. Technological role of fluoroelastomers


7 Technological role of fluoroelastomers and other
fluoropolymers in rubber sector


7.1 Fluoroelastomers
Fluoroelastomers - and in general fluoropolymers - exhibit a unique combination
of properties, which cannot be achieved at the same time by any other material.
These properties can be summarized as follows:


• Strong chemical resistance, e.g.:


– fluids: fuels, lubricants, water, steam, complex chemical mixtures, etc.
– cleaning and sterilization media: acid, bases, steam, ethylene oxide, etc.
– different type of gaseous plasma
– humidity


• High temperature resistance (about 270◦C)


• Fire resistance


• Low permeability to gases and liquids (natural gas, hydrogen, fuels, etc.)


• High purity (low metal content, low levels of leachables/extractables, low
particle generation)


• Ability to maintain physical properties tipical of elastomers (such as com-
pression set) in harsh conditions and in a very broad range of temperatures
(from about −40◦C, to about +270◦C).


• Low friction coefficient


• High electrical resistivity


These properties allow to increase lifetime and reliability of components de-
signed to operate in harsh conditions, which results into increased safety, environ-
mental performance and also sustainability.


Considering their much higher cost, they are chosen in applications where their
superior properties are indeed required to meet these targets.


The choice of the material in some cases is operated by the producer of the
rubber component, but in many cases the material is explicitly defined in the
customer’s specifications.
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7.1 Fluoroelastomers


Automotive. For example in the automotive sector the use of different types
of FKM for different car components is required by many specifications of car
manufacturers (VW, BMW, Mercedes, Stellantis, etc.) or of subcomponents man-
ufacturers (Bosch, Mann& Hummel, Siemens, etc.).


FKM and FFKM have the broadest resistance ranges according to ASTM D
2000 “Standard Classification System for Rubber Products in Automotive Ap-
plications” HK class material. Their use was key for a series of technological
achievements which allowed to meet the ever-increasing environmental standards
required by the EU agenda. Modern combustion engines, designed to maximise
efficiency and cut emissions, are characterized by operating conditions in which
only fluoroelastomer components can resist. In other words, FKMs are key for the
reduction of fuel consumption, CO2 emissions, VOC emissions (from fuel tanks
and lines), particulates and NOx emissions.


FKM are also key in applications such as sealings for rotary shafts: in a wet
/ dirty environment rotary shaft seals keep lubricant (oil, grease or water) inside
the application and prevents ingress of water and dirt.


Fluoroelastomers and fluoropolymers are also used in batteries and fuel cells,
key components of zero-emissions mobility sustained by EU policies.


Aviation. The use of fluoroelastomers (FKM and FFKM) and fluorosilicones
(FVMQ) is even more critical in other means of transportation, such as aircrafts.
The reason of their widespread usage in this sector is the unique combination of low
temperature sealing ability (for FVMQ and some types of FKM), high temperature
stability (O-rings close to the aircraft turbines can exceed 300◦C especially during
take-off) and inertness in fuels, lubricants and hydraulic fluids.


Moreover these materials show an excellent resistance to mechanical wear and
for this reason they are used for certain type of cable insulations in aircrafts,
substituting polyimide, which, due to poor abrasion resistance caused short circuits
and consequent serious accidents.


The use of this materials in this sector is required under a series of specifica-
tions, such as US military standards (MIL specs), Aerospace Material Specifica-
tions (AMS) established by the Society of Automotive Engineers (SAE), British
Ministry of Defence specs (DTD specs), British Defence Standard 02-337, French
aerospace standards, such as NFL 17 106, etc..


Natural gas. For natural gas applications, European standard EN549 defines
the requirements for different types of rubber materials for seals and diaphragms
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for gas appliances and gas equipments; specifically the requirements for Classes E1,
E2, E3 and E4 (up to 150◦C operating temperature) can only be met when using
FKM materials. Morevoer standard EN549 is currently under revision to prepare
rubber parts for the progressive feeding of gas supplies with green hydrogen (The
European Clean Hydrogen Alliance, ECH2A). FKM is part of this transition and
ideal for the very low permeability to gases.


Chemical industry. FKM, FEPM and FFKM seals are widely used in chemical
process industry as safety critical components in pumps, compressors, mechani-
cal seals, flanges, etc. for their unmatched combination of thermal stability and
chemical inertness in complex chemical mixtures. They enable the global chem-
ical industry to operate in safe conditions, reducing fugitive emission to ground,
air and water as well as minimizing exposure of emissions to facility staff. Their
long term reliability allows to increase both mean time between failures (MTBF)
and mean time between repairs (MTBR), making the process industry safer and
reducing its operating costs at the same time.


Oil & gas. FKM, FEPM and FFKM are widely used in gaskets and hoses for
oil & gas applications (drilling, completion and production), mainly due to their
resistance to most hydrocarbon-based substances. They are expressly requested
by the specifications of a number of service companies (BH, Schlumberger, Weath-
erford, Halliburton, etc.) as well as by the oil majors (Shell, Total, Saudi Aramco,
Exxon, BP, etc.).


Alternative energies. Moreover fluoroelastomer seals are also getting more and
more attention in the so-called alternative energy business, such as hydrogen stor-
age and transportation due to their low hydrogen permeation rate (FKM showed
the lowest hydrogen permeation rate among other types of elastomers, such as
EPDM, HNBR, NBR, silicones in tests conducted in high pressure hydrogen at an
independent lab) as well as hydrogen manufacturing in electrolysers, due to their
combined temperature and chemical resistance.


Considering that in the short to medium term most of the global hydrogen
production will still rely on steam reforming of natural gas followed by carbon
capture (CCUS) - i.e. the so-called blue hydrogen process - the role of fluoroelas-
tomer sealings is even more important, since exploration and exploitation of gas
deposits with high concentrations (up to 40%) of H2S (sour gas) can only be safely
conducted when using special types of fluoroelastomer seals.
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FKM, FEPM and FFKM based seals are also being developed for future appli-
cations in deep geothermal wells where high temperature water and steam (typi-
cally more than 220◦C, in some cases between 250 and 300◦C) are extracted from
stimulated fractured rocks. No other sealing material is available to withstand
water exposure at such operating temperatures.


Semiconductors industry. Also in the semiconductor industry significant quan-
tities of FKM and FFKM are used. In this sector requirements are defined by
single customers specifications, according to their specific process conditions. Flu-
oropolymers are in fact extensively used in semiconductor manufacturing process
chambers, mainly due to:


• resistance to plasma (in the etch and deposition processes as well as in plasma
chamber cleaning processes),


• high purity (low release of organic and metallic contaminants along with low
particle shedding),


• high temperature resistance (some deposition processes, such as PECVD,
operate at temperatures above 250◦C).


• very low permeability.


FKM and FFKM seals are also safety critical components of ancillary equipment
(such as vacuum pumps) and in the subfab effluent treatment systems that are
designed to abate highly toxic gases and that usually operate at high temperatures
(above 250◦C) to avoid condensation and the formation of potentially dangerous
deposits in the ductwork.


Fluoropolymer based elastomeric seals are therefore critical elements in wafer
processing equipment, enabling continuous enhancements in the electronics tech-
nology and therefore increasing digitalization; at the same time, they allow safe and
effective operation of the semicon fabs, thus contributing to minimize emissions
and ultimately the environmental impact.


They are also used in tools for the transportation of ultra-pure water for the
production of semiconductor waivers.


Food contact applications. FKM and FFKM are also much appreciated in
food contact applications. They are used to manufacture components, such as
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sealings or hoses (inner tubes), which are widely used in food and beverage pro-
cessing equipments, such as pumps, mechanical seals and flanges connecting metal
pipes. In fact their inherent thermal and chemical stability make them the only
technical solution for high demanding applications like SIP (steam-in-place) and
CIP (clean-in-place) processes for cleaning and sterilization of equipments, that
make use of a combination of steam, acids and bases.


Moreover FKM and FFKM are well known for their intrinsic higher level of pu-
rity, that is a very low overall migration level, compared to other more conventional
elastomers, thus minimizing the risk of contaminating the processed food.


The use of fluoroelastomers for food contact applications is foreseen by the
main regulations for food contact materials, such as US FDA (21CFR 177.2600
and 21CFR 177.2400) and German BfR Recommendation XXI/1, which impose
acceptance limits.


The use of fluoroelastomers for food contact applications is foreseen by many
regulations for food contact materials, such as the US FDA within the Title 21
of the Code of Federal Regulations (e.g. 177.2600, 177.2400), the Threshold of
Regulation (TOR) program, and the Food Contact Notification (FCN) program,
which impose acceptance limits. EU member state national regulations are in-
adequate to discipline the use of fluoroelastomers for these applications, even if
industry is often forced to select these materials to achieve the technical industry
requirements. Food contact EU harmonized regulation about elastomers is still
missing.


Their usage has been constantly growing over the last few years because of the
implementation of stricter regulations to defend consumer’s health (lower migra-
tion into the food streams) and of the use of more severe conditions for cleaning
and sterilization of food processing equipment and plants. Fluoropolymers are a
key enabler for this; in case of restrictions in the use of fluoropolymers, no sealing
material would be available to meet these market needs.


For the same technological reasons described above, FKM and FFKM sealing
elements are used in the cosmetic sector and also in the pharmaceutical sector,
in plants for the manufacturing of many active substances. To meet the even
higher standards of this sector, absence of cytotoxicity is often required, through
USP Class VI <87> (in vitro) and <88> (in vivo) testing, which fluoroelastomer
compoents can pass.
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7.2 Other fluoropolymers
Fluoropolymers can also be used as additives in “traditional” rubber compounds
for specific applications, in order to meet certain requirements. For example, PTFE
is used as additive in silicone rubber (VMQ) compounds to obtain the necessary
green strength, enabling the extrusion of complex shaped, or hollow profile sealings,
very important for industrial processes (e.g. glass fiber reinforced resins).


PTFE is also used as surface coating of some rubber articles, in order to:
• reduce the coefficient of friction of finished products;


• improve assembly at customer facilities (giving anti-sticking properties);


• color the surface of articles (this helps in order to avoid cross-contamination,
increasing the safety, preventing from using the wrong dimension)


• for certain rubber polymers, such as NBR, improve resistance against some
types of fuel.


8 Assessment of alternative materials / solutions


8.1 General considerations
The combination of properties shown by fluoroelastomers, with almost no draw-
backs, apart from low cold resistance, make them unique and able to cover a wide
range of possibilities / applications, which cannot be reached by any other material
in the rubber industry.


In fact other materials could offer similar properties (not the same), but only
for one of the multiple features of fluoroelastomers / fluoropolymers. For example,
HNBR / ACM / AEM rubber can offer some resistance to aggressive fluids (but
not as broad as FKM), but on the other hand they cannot provide the same level
of heat resistance.


For these reasons in most applications there are not known alternatives to fluo-
roelastomers. Only in some cases there could be viable alternatives. For example,
in the automotive sector, for diesel hoses, where HC emissions are not so impor-
tant, HNBR could be considered as an alternative, but for gasoline hoses there are
no alternatives.


It has to be considered that in most final applications, the “on-the-paper”
potential alternative materials are the formerly used materials that have been re-
placed by fluoroelastomers. As already expressed, the reason of the replacement
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was the technological development, which introduced more severe operating condi-
tions in order to meet the latest safety and environmental standards. For example:
the ever decreasing CO2 emission levels imposed by EU legislation, together with
durability and low maintenance of engines and other mechanical parts of vehicles.


Replacing fluoroelastomers would therefore mean a tecnnological downgrade,
which would necessarily introduce problems in terms of safety and / or durability.


Even if an alternative material was found, which is not the case, the replacement
of a fluoroelastomer in an application would require a complete re-evaluation,
which would take several years, involving engineering, R&D, production tests,
validations, etc..


As for coatings, PTFE is the material with one of the lowest known surface
energies, which allows one of the lowest possible friction coefficients. Alternatives
include plasma deposited coatings, but apart from higher sensitivity to the sub-
strate, these require significantly more energy, so their environmental benefit is
not so evident. For example, PTFE-based coatings may be used to create col-
ored coatings, something that is not possible for plasma deposition, graphite and
MoS2-based coatings, and solely partially available with silicone-based coatings.


8.2 Considerations for single specific materials
• 1 - Steel & other metals


Product groups analyzed Sealing systems, hoses, membranes made with
FKM, FFKM, FVMQ, FEPM.


Technical feasibility Metals are much heavier: there use would nullify the
efforts made to reduce vehicles weight, with negative environmental
effects. Their chemical resistance is much lower: in several applications
they need to be coated with fluoropolymers. Their flexibility / elasticity
is much lower, so they cannot be used in applications where wide and
elastic deformations are required. For example they could not guarantee
the absence of leakage, especially where there are strong vibrations, with
consequent severe safety problems. Even in applications where they
could be used for this purpose, they could not allow to disassemble and
reassemble the parts (for example for maintainance), because when they
are moved from the initial position, they loose tightness and they must
be replaced every time. Even more, they cannot be used for component
which need to be expanded / deformed / extended, such as membranes
in expansion vessels for oil at high temperature, wall in endless piston
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precision pumps used to dose aggressive chemicals, molten plastics etc.,
flexible hoses for hot oil, hydrocarbons, aggressive media, steam, etc.
They cannot be used where there is friction (and consequent wear), for
example in contact with rotating shafts or other rotating parts at high
RPMs, especially where metal particles produced by wear can cause
failure. They cannot be given complex shapes. They can not be used
in applications where thermal conductivity must be avoided.


Economic feasibility Where technically feasibile, substituting a FP with
a metal would require a complete re-design. For seals, higher produc-
tion costs would be required by seat machining (low Ra are requested to
guarantee the sealing). Moreover, maintainance costs would be higher,
due to the need to replace metal seals at every inspection. For hoses,
production costs would be higher due to precise bending and more com-
plex assembly, in addition to higher assembly costs and higher logistics
costs (heavier). Higher operating costs would be moreover needed due
to higher vehicles weigth.


• 2 - High nickel alloys


Product groups analyzed Sealing systems, hoses, mechanical parts.
Technical feasibility Same general considerations expressed for potential


alternative 1 (Steel & other metals). In particular, nickel alloys are
not able to cope with every specific anti-corrosion situation. In fact,
those alloys were used for the lining of pumps and seals used for the
MNB plants in the 1970s, however this led to frequent failure of the
equipment, resulting in significant challenges in terms of maintenance
and safety, related to corrosion and leakage from mechanical seals. It
has to be noted that that nickel is already subject to many restrictions
because it is potentially dangerous for human health.


Economic feasibility Same general considerations expressed for potential
alternative 1 (Steel & other metals). In particular the solution would be
more expensive, due to low process efficiency, with higher costs, higher
maintenance costs, due to more frequent replacement of equipment.


• 3 - Polypropylene


Product groups analyzed Sealing systems, hoses, mechanical parts.
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Technical feasibility Poor chemical and thermal resistance. Worse be-
haviour in food contact applications. Not comparable mechanical prop-
erties (rigid, not elastic).


Economic feasibility Cheaper.


• 4 - PVC


Product groups analyzed Sealing systems, hoses, mechanical parts, elec-
trical cables.


Technical feasibility Poor chemical and thermal resistance. Worse be-
haviour in food contact applications. Not comparable mechanical prop-
erties (rigid, not elastic), not suitable to produce flexible articles. Soft
PVC has low thermal resistance (max 120◦C) and poor chemical inert-
ness (it releases plasticizers when in contact with grease, oil, solvents,
hydrocarbons and other chemicals). Poor resistance to degradation by
UV and oxygen. In electrical cables, PVC or PE combined with halo-
gen free flame retardants (HFFR) could be considered as alternatives in
some applications, but not in many other industrial applications, where
high chemical and thermal resistance, combined with high flexibility, are
required. Without fluoropolymers in electric cables, the performance of
a wide variety of industrial applications would be seriously downgraded,
with lower reliability, higher risks for human health (increased risk of
fires) and the environment (increased replacement rates of other plas-
tics, leading to more waste generation).


Economic feasibility Cheaper material, but not suitable in large part of
applications. In applications where it could replace FP, it would never-
theless lead to higher maintenance costs, due to increased replacement
rates.


• 5 - Glass / Ceramics / Mica


Product groups analyzed Hoses/pipes, sealing solutions, electrical cables,
mechanical parts.


Technical feasibility Not suitable for sealings or hoses (no elastic prop-
erties, not flexible). Considering electric cables, ceramic-based cable
insulations may be considered, but these materials would not bring the
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combined set of properties that fluoropolymers offer and would not per-
form under the full set of required situations and process conditions,
leading to lower reliability, higher risks.


Economic feasibility For cables: increased maintenance costs.


• 6 - Polyether sulphone


Product groups analyzed Hoses, mechanical parts, sealing solutions.
Technical feasibility Not suitable, due to inadequte mechanical properties


(not flexible, not elastic) and poor chemical resistance, especially with
low-polar organic solvents (ketones and chlorinated hydrocarbons).


Economic feasibility Cheaper, but not applicable.


• 7 - Polyimide


Product groups analyzed Hoses, mechanical parts, sealing solutions, elec-
tric cables.


Technical feasibility Not suitable in applications where elastic properties
are required. Poor chemical resistance (e.g. subject to degradation in
hot, humid environments or in presence of seawater). It shows poor
resistance to mechanical wear, which proved to be a serious limit in
critical applications, such as cabling in aviation sector. In many air-
craft models, both fixed wing and rotating wing, short circuits (which
led to accidents with lost of lives) were caused by faulty insulation in
polyimide-insulated wiring, caused in turn by abrasion, due to vibra-
tions and heat connected to the functioning of the aircraft. That models
had to undergo extensive modifications and in some cases complete sub-
stitution of wires.


Economic feasibility


• 8 - EPDM rubber


Product groups analyzed Sealing solutions, hoses, food contact applica-
tions


Technical feasibility It shows poorer thermal and chemical resistance. Con-
sidering this latter aspect, while it could be suitable for some acids and
alkalis, chemical resistance is in particular poor with apolar media (fu-
els, mineral oils, diester lubricants, etc.).
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This makes EPDM not adequate, for example, for many sealing appli-
cations in the automotive sector, for example in lambda sensors.
Considering hoses, it could be used in hoses for medium tempera-
ture/aggressive chemical fluids, but obtaining lower resistance, lead-
ing to lower durability. In general, the applications where it could be
evaluated as alternative to fluoroelastomers are those in which it was
previously replaced by fluorelastomers because not enough performant
according to new requirements. If used instead of fluoroelastomers in
these applications, it will lead to frequent failures. Considering food
contact applications, it does not guarantee the same safety standards,
due to reduced chemical inertness, cleanability and heat resistance.
Considering food contact applications, elastomers like EPDM, methyl
vinyl silicone rubber (MVQ), or NBR could be considered as alterna-
tives, however their life time is shorter (maximum 20.000 life cycles),
drastically reducing the durability of the application is drastically re-
duced. Moreover, these materials cannot reach the same combination
of resistance to chemicals and high temperatures as FP can do. In crit-
ical applications in food industry where these properties are needed,
using materials other than fluoropolymers would seriously downgrade
the performance, with increased risk of food contamination or reduced
food quality, with possible health concerns.


Economic feasibility Cheaper.


• 9 - Nitrile rubber (NBR)


Product groups analyzed Sealing solutions, hoses, mechanical parts, food
contact applications


Technical feasibility Fair to good resistance to hydrocarbons and oils but
only at low temperatures (above 120◦C it starts degradating and swelling).
Poor oxygen, UV and heat resistance. In several NBR applications,
PTFE is added to the compound, in order to obtain permanent low
friction performance. It could be considered as an alternative for hoses
for petroleum products, but in any case, it would show resistance prob-
lems with some products with high swelling power. In general, the
applications where it could be evaluated as an alternative to fluoroela-
stomers are those in which it was previously replaced by fluorelastomers,
because not enough performant according to new requirements. There-
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fore its use in those applications is expected to lead to increased failure
frequency.
Considering food contact applications, elastomers like EPDM, methyl
vinyl silicone rubber (MVQ), or NBR could be considered as alterna-
tives, however their life time is shorter (maximum 20.000 life cycles),
drastically reducing the durability of the application is drastically re-
duced. Moreover, these materials cannot reach the same combination
of resistance to chemicals and high temperatures as FP can do. In crit-
ical applications in food industry where these properties are needed,
using materials other than fluoropolymers would seriously downgrade
the performance, with increased risk of food contamination or reduced
food quality, with possible health concerns.


Economic feasibility Cheaper.


• 10 - Hydrogenated NBR


Product groups analyzed Sealing systems, hoses, mechanical parts
Technical feasibility Good resistance to automotive service fluids, hydrocarbon-


based fluids, but also polar fluids, within the temperature range of −45
to 150◦C for continuous use. In any case not comparable to fluoroela-
stomers, that can easily pass 200◦C.
Not suitable for contact with acids. Lower resistance to prolonged UV
exposure, poor chemical inertness. Poor impermeability.
ACM, AEM or HNBR have much higher friction coefficients, which
make them not suitable for many dynamic applications in vehicles. For
some applications, PTFE is added to the HNBR compound in order to
reduce friction coefficient.
In can be considered as alternative in hoses for petroleum products, but
it would have limited resistance to some products with high swelling
power and to very high temperatures.
For applications where the highest standards of chemical and thermal
resistance are required, for example car engines, fluoroelastomers are
currently the only reliable option available on the market.
It cannot be used in medical and pharmaceutical applications, due to
the possible release of acrylonitrile.
In food contact applications, its performance is lower in terms of clean-
ability, chemical inertness, resistance to heat.
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Economic feasibility Sligthly cheaper, but not sufficient availability on
the market to replace FP.


• 11 - Acrylic rubber


Product groups analyzed Seals, hoses
Technical feasibility Lower temperature resistance. Poorer chemical re-


sistance, on average. Good resistance to hydrocarbons in the range of
−40 to 175◦C continuous use. Good resistance to hydrocarbon and oils
but not comparable to fluoroelastomers. Not recommended for polar
fluids (coolants, water, etc).
Mechanical properties: poorer low temperature flexibility, compared to
FVMQ. Bad impermeability. High friction coefficient.


Economic feasibility Cheaper, but not sufficient availability on the mar-
ket to replace FP.


• 12 - Ethylene-acrylic (AEM) rubber


Product groups analyzed
Technical feasibility Lower chemical resistance. Good resistance to oil


up to 150◦C, not comparable to fluoroelastomers, that can easily pass
200◦C; not resistant to hydrocarbon solvents, gasoline and alkali, acids
and amines. Poorer low temperature flexibility compared to FVMQ.
Bad impermeability. High friction coefficient.


Economic feasibility Cheaper, but not sufficient availability on the mar-
ket to replace FP.


• 15 - UHMWPE


Product groups analyzed Hoses for strong acids and base at medium
temperature


Technical feasibility Less resistant at temperature > 70◦C than FP.
Economic feasibility Cheaper


• 17 - Silicone Rubber (VMQ)


Product groups analyzed PTFE tubing, Sealings (automotive), food con-
tact applications
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Technical feasibility Considering tubing, silicone rubber shows lower tem-
perature and chemical resistance compared to PTFE.
Considering sealings, similarly the temperature resistance is lower: sil-
icone rubber can operate at maximum temperatures ranging between
150◦C and 200◦C, therefore it is not suitable for the required operating
temperature of around 250◦C. Moreover, silicone rubber cannot meet
the mechanical properties, such as elongation, required by the automo-
tive sector for critical components. With very specific formulations, it
is possible to increase the temperature resistance of the compound till
to 300◦C (peak temperature), but only suppressing other properties,
such as elasticity, hardness, etc. .
Silicone rubber may be a good alternative to FKM for food contact
applications, as far as thermal resistance is concerned, but it may not
perform the say way as FKM as far as resistance to oily food is con-
cerned. In addition silicone rubber, being softer than FKM, could not
be the proper solution in applications where hardness is required.


Economic feasibility The cost of the material is lower, but higher main-
tenance costs (due to more frequent replacement of the components)
have to be taken into account, together with higer waste production.


• 22 - Molybdenum Disulphide (MoS2)


Product groups analyzed PTFE (as low friction additive)
Technical feasibility Resistant to high temperatures and suitable for lu-


brication in high vacuum applications, but not suitable for applications
with exposure to water vapour or even atmospheric moisture (moisture
depletes low friction performances of MoS2). R&D sctivities are ongo-
ing to improve MoS2 performances in some applications and the best
option seems to be substitution with PTFE. MoS2 may not be suitable
for applications were heavy metal contamination has to be avoided, such
as food contact applications.


Economic feasibility MoS2 is about 5 times more expensive than PTFE
and it has to be added in higher concentrations in rubber compounds.


• 23 - Graphite


Product groups analyzed PTFE (as low friction additive)
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Technical feasibility Graphite is electrically and thermally conductive,
which could be negative in some applications. Its efficiency is lower,
so higher amounts are requested to obtain relevant effects. Finally, the
color and the fact it stains could be a problem in some applications.


• 24 - Boric Acid


Product groups analyzed PTFE (as thickener / rheology modifier in VMQ
compounds)


Technical feasibility As expressed before, one of PTFE (powder) applica-
tions in rubber sector is as additive in rubber (VMQ) compounds, as
rheology modifier, to increase strength of uncured semifinished products
(so called green strength). Boric Acid was widely used in the past for
this purpose, but it has been replaced by PTFE, after being listed in
REACH Candidate List for Authorisation, because of its reprotoxicity.


In table 7 the features of alternative elastomeric materials are summarized
and compared to fluoroelastomers. The table shows that no other non-
fluorinated elastomer can effectively and safely work at temperatures ex-
ceeding 180◦C in presence of aggressive fluids.
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Material
type


Tmax


(◦C)
Good fluid
resistance


Poor fluid
resistance


Purity


NBR 120 Hydrocarbons Polar solvents, ozone Low
HNBR 175 Hydrocarbons, ozone Low
EPDM 150 Water, steam, ozone Hydrocarbons Low
VMQ 180 Water, steam, ozone Hydrocarbons High
AEM 180 Hydrocarbons, ozones Low
ACM 170 Hydrocarbons, ozone Polar solvents, water Low
CSM 150 Hydrocarbons, water,


ozone
Polar solvents Low


CR 100 Hydrocarbons, water,
ozone


Polar solvents Low


ECO 135 Hydrocarbons, water,
ozone


Polar solvents Low


IIR 110 Water Hydrocarbons Low
SBR 100 Water Hydrocarbons, ozone Low
NR 80 Water Hydrocarbons, ozone Low
FKM 240 Hydrocarbons, steam,


sour gases
Amines, polar solvents Medium


to high
FEPM 220 Steam, amines, sour


gases
Polar solvents, aro-
matics


Medium


FFKM 327 All None High
FVMQ 200 Water, steam, ozone,


hydrocarbons
Medium


Table 7: List of alternative elastomers, with the corresponding main features.
Fluoroelastomers features are reported for comparison
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9 Conclusions
PFASs constitute a very large class of chemicals, with very different chemico-
physical and eco-toxicological properties. Some of these chemicals are a cause of
concern and our industry fully shares the need to take appropriate measures for
their management.


However a sound approach should be adopted in order to classify molecules
according to their potential concern, which needs the evaluation of several aspects
and cannot be based on just one single structural element.


Fluoroelastomers, and in general fluoropolymers, constitute a separate group
in the large class of PFAS. They are inert and stable materials, insoluble in water,
non-mobile, non-bioavailable, non-bioaccumulable and non-toxic.


Remaining concerns are related to the use of fluorinated polymerization aids
during their production. Alternative technologies are being developed without the
addition of these substances.


Due to their unique combination of properties, fluoroelastomers are used to
produce components intended to operate in harsh conditions (such as high tem-
peratures, aggressive chemical environments, or both). Considering their higher
cost, compared to other “traditional” elastomers, they are used only when really
needed, in order to improve safety and durability and reduce emissions in the
environment.


Many of their technological applications are key for the implementation of
strategic plans such as the digital and green transitions and no equivalent alterna-
tives are known.


For all these reasons fluoroelastomers, and in general fluoropolymers, should be
excluded from the scope of the restriction. Fluorinated polymerization aids should
instead be targeted, considering the remaining concerns related to their use.
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1: Sectors and (sub-)uses 
Sector: Metal plating and manufacture of metal products 


Sub-use: Hard chrome plating 


 


7: Potential derogations marked for reconsideration 
The use of PFAS as fume suppressant is marked for reconsideration after the consultation. With this comment we 


would like to strengthen the justification for the derogation as we consider that there is not a technically and 


economically feasible alternative to the use of PFAS as fume suppressant in hard chrome plating.  


It is crucial to note that PFAS are used in very limited quantity, nonetheless they are essential for the protection of 


both workers' health and the environment. The following data provide further support for our argument: 


a) Annual Tonnage and Emissions of PFAS 
In consideration of the PFAS draft regulation for its use as a fume suppressant in hard chrome plating, we offer the 


following estimates based on available data: 


1. Annual Tonnage of PFAS use: The annual usage in Europe of PFASs substance is estimated between 6 and 


9 metric tons. This figure represents the total quantity of PFAS utilized across all European companies 


engaged in hard chrome plating. This estimation is calculated as following: 


a. The specific usage of PFAS substance on unit of chromium trioxide consumed (used tons of PFAS 


on used tons of chromium trioxide), has been derived from the real world usage data from hard 


chrome facilities. The specific usage of PFAS ranges between 0,0010 and 0,0015 tons/tons of used 


chromium trioxide. 


b. The European annual usage of PFAS has been calculated multiplying the specific usage of PFAS by 


the estimated annual usage of chromium trioxide as estimated for Europe by the CTACSub 


authorization documents of hard chrome use (6.000 tons per year). Even though this data 


originates from a 2015 document, due to the market remaining relatively unchanged, the 


estimated annual usage of chromium trioxide, which is about 6.000 tons per year, is still 


considered valid as of 2023. 


2. Emissions of PFAS are categorized as follows: 


a. Water Emissions: The quantity of water emissions varies depending on whether the company 


employs a closed-loop water system or not. 


For companies not using a closed-loop water system, PFAS emissions typically occur as a 


byproduct of the plating process, where the drag-out from the plating tank flows into the rinsing 


tank, and then through the company's wastewater physio-chemical treatment plant. Here, if 


activated carbon is used, some of the PFAS will be adsorbed by the carbon and will eventually be 


treated externally as waste. If no activated carbon is used, PFAS will be discharged into the sewage 


system. 


Usually, due to the specifics of the process, most of hard chromium plating shops adopts a closed-


loop water system with no waste water emissions.  


b. Waste Emissions: Waste emissions also differ based on the water system employed by the 


company. Here are the main types of waste emissions: 


i. Exhausted Concentrated Rinsing Water: Following the plating process, parts that have 


been coated with a chrome plating electrolyte containing PFAS are rinsed in a non-
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renewing water bath. Once this rinsing bath reaches its capacity and becomes exhausted, 


it is handled as waste and sent to external waste treatment facilities. This solution is 


usually concentrated before disposing to reduce its volume and minimize waste. 


ii. Eluate from Deionized Water Resins regeneration: In companies using a closed-loop water 


system, the rinsing water containing PFAS is treated by DI resin, typically preceded by an 


activated carbon treatment. This is because the presence of organic pollutants can 


compromise the efficiency and regenerability of ion exchange resins, hence the use of 


activated carbon. If activated carbon is not used, PFAS is captured by the DI resin. The 


spent DI resin may be treated within the plant or externally. However, the eluate 


containing the PFAS will become waste and treated externally. 


iii. Carbon used for Absorption: When activated carbon is used (in either type of water 


system), it will absorb PFAS. This spent carbon is usually disposed of as waste and 


generally incinerated, a process that destroys the PFAS, thereby helping to reduce the 


environmental impact. 


iv. Spent Bath: These wastes, which contain PFAS, result from the disposal of spent hard 


chrome plating baths. The frequency of the disposal, that may be total or partial, of the 


bath is very low, usually ranging from 3 to 10 years. The disposal depends on the 


accumulation of pollutants of the plating bath during the plating operation. The spent 


baths are disposed to authorized waste treatment facilities. 


b) Key Functionalities Provided by PFAS: 
PFAS plays an essential role as a fume suppressant in hard chrome plating primarily due to its ability to reduce 


surface tension. This characteristic significantly curtails aerosol emissions during the plating process, enhancing 


both worker safety and environmental protection. 


PFAS based fume suppressants have been used in hard chromium plating for more than twenty years and the 


management of this kind of suppressants is easy and well established. 


A critical aspect to highlight is that PFAS surfactants are the only known surfactants capable of withstanding 


oxidation by chromic acid, a common constituent in hard chrome plating solutions. This unique resistance allows 


PFAS to maintain its effectiveness over time, unlike other surfactants which would degrade in such conditions. 


The use of other surfactants that degrade under such conditions could pose unacceptable risks to workers as they 


could fail to adequately suppress fumes, leading to potential health hazards due to increased aerosol exposure. 


Therefore, PFAS surfactants provide a reliable, long-lasting solution for aerosol suppression in hard chrome plating 


processes. This unique characteristic, is the primary reason for its widespread use within the industry. 


c) Number of Companies Affected: 
Current data indicates that at least 650 European companies involved in hard chrome plating, which utilize 


chromium trioxide and likely PFAS-based fume suppressants, could face potential operational disruptions due to 


any future limitations on PFAS use. This data is primarily derived from companies that have either notified their 


use of chromium trioxide for hard chrome plating or obtained their own authorization for the same. 


d) Availability, Technical and Economic Feasibility, Hazards, and Risks of Alternatives:  
Currently, alternatives to PFAS as a fume suppressant in hard chrome plating are extremely limited in the market. 


There is only one known supplier who has developed a potential alternative using non-fluorinated surfactants. 
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However, while this alternative does exist and is utilized to some extent, it has not been extensively tested and it’s 


still in the early stages of adoption. 


This potential alternative also presents technical challenges and potential risks. Accurate and constant monitoring 


is required for effective use, which may not be feasible for all companies given their resources, expertise, or the 


scale of their operations. Moreover, it has been reported that maintaining adequate worker protection is 


challenging due to the complicated operation of control and replenishment necessary for this alternative. 


Given the current state of development and the challenges presented by the sole potential alternative, it's 


anticipated that there could be significant shortages in the supply of effective alternatives if a restriction on PFAS 


use were to be implemented in the short term. Further research and development are needed before a technically 


and economically feasible alternative with comparable efficacy to PFAS could be widely available and adopted. 


e) Status of R&D Processes for Finding Suitable Alternatives:  
Most of the companies operating within the European hard chrome plating industry are SME enterprises, meaning 


their resources to explore and develop alternative substances to PFAS are significantly limited. 


Currently, our understanding regarding the progress of R&D activities in the sector to identify viable alternatives to 


PFAS in hard chrome plating is quite restricted. The scale of these R&D initiatives, in terms of duration and 


financial commitments, remains unclear. Similarly, projected timelines for introducing substitutes, inclusive of 


acquiring any requisite certifications or regulatory approvals, have yet to be defined. 


In conclusion, it's evident that a substantial amount of work is still required in the exploration and incorporation of 


PFAS alternatives within the hard chrome plating industry. 


f and g) Substitution technically and economically feasible  
The following sections, namely (f) and (g), are designed to address two distinct scenarios relating to the potential 


substitution of PFAS in hard chrome plating. Scenario (f) explores cases where substitution is technically and 


economically feasible, but more time is needed for the transition. In contrast, scenario (g) considers cases where 


substitution is not technically or economically feasible. 


It is important to note, however, that at present, while there is an existing alternative to PFAS, it is not extensively 


adopted and its feasibility is not yet conclusively proven, as stated before. Furthermore, it remains uncertain 


whether other alternatives will emerge in the near future. The complex nature of this situation necessitates a 


comprehensive approach to addressing the matter, which is why both scenarios are detailed below. 


f) For cases in which substitution is technically and economically feasible but more time is 


required to substitute: 
f1) Type and Magnitude of Costs Associated with Substitution: 


Providing an accurate estimation of the costs associated with replacing PFAS with the currently available 


alternatives is complex at the moment, especially considering that there is only one known supplier of this 


alternative. This monopolistic scenario could create potential price and supply chain risks. It's only after the 


alternative has been completely developed, commercialized, and competition introduced in the market, that we'll 


be able to make a more precise assessment of the initial implementation costs, ongoing operating costs, and 


market dynamics. 


f2) Time Required for Completing the Substitution Process: 
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Our best estimate for the total time required to replace PFAS, which includes all necessary testing, 


implementation, validation, and obtaining necessary regulatory approvals, ranges from 4 to 10 years. It is 


important to note, however, that this is an estimate and the actual timeline could vary significantly depending on 


various factors including market conditions, the progress of research and development efforts, and regulatory 


processes. Moreover, it is crucial to acknowledge the inherent uncertainty in this process, as there is always a 


possibility that a technically and economically viable alternative may not be found. 


f3) Possible Differences in Functionality and Consequences for Downstream Users and Consumers: 


A paramount concern regarding the potential replacement of PFAS is its impact on worker safety and 


environmental protection. PFAS plays a crucial role in suppressing aerosols of chromic acid, which significantly 


reduces exposure risks for workers and also limits emissions into the environment. Any alternative that is less 


effective at suppressing aerosols could potentially increase workplace health hazards and environmental risks. 


Therefore, the presence of PFAS not only serves as a safety measure for the workers but also acts as a critical 


control to minimize environmental contamination. 


This highlights the importance of comprehensive testing and validation of any proposed alternatives to ensure 


they can provide the same level of worker protection and environmental safety. Furthermore, it's crucial to note 


that if an alternative doesn't offer an equivalent level of safety, or introduces different exposure scenarios, it will 


invalidate the current authorization for the use of chromium trioxide under the REACH regulation. Such a 


development could necessitate the suspension of plating production, leading to significant implications for the 


sector. 


Moreover, implementing a closed system with Local Exhaust Ventilation (LEV) using no fume suppressant is not a 


viable alternative either. Although this approach might seem to address worker safety concerns, it will lead to 


increased emissions to environment, posing higher risks to the air and the overall environment. Hence, any 


substitution must consider both human safety and environmental impact to ensure sustainable operations. 


f4) Benefits for Alternative Providers: 


At this point, the potential benefits for providers of PFAS alternatives are uncertain and may depend on various 


factors such as market demand, pricing, and regulatory developments. Furthermore, the fact that there is only 


one known alternative supplier creates a challenge to the alternative providers market, since the existence of a 


monopoly offers no competitive advantage. More study and market analysis are required to gain a comprehensive 


understanding of this aspect. 


g) For cases in which substitution is not technically or economically feasible, information on what 


the socio-economic impacts would be for companies, consumers, and other affected actors:  
g1) Impact on Companies: 


If substitution of PFAS is not technically or economically feasible, the potential socio-economic impacts on 


companies within the hard chrome plating sector would be considerable. The use of chromium trioxide, a key 


element in this sector, is subject to authorization under the REACH regulation. This authorization depends on an 


assessment of the chemical risks associated with its use, which is significantly minimized by PFAS fume 


suppressants. The inability to find a viable alternative to PFAS will increase the risk to workers, will invalidating the 


authorization. In such a scenario, companies may be forced to cease operations, leading to severe socio-economic 


implications, including job losses and impacts on related industries. 


g2) Impact on Consumers and Other Affected Actors: 
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The ramifications would be equally significant for consumers and other stakeholders. Hard chrome plating is a 


crucial surface treatment for a wide range of applications, which currently lack viable alternatives. If operations 


were to cease due to a lack of a feasible PFAS substitute, it could considerably impact European industry and 


consumers, potentially leading to a decrease in product availability and an increase in costs. 


g3) Annual Value of EU Sales, Profits of the Relevant Sector, and Employment Numbers: 


The inability to find a viable alternative to PFAS as a fume suppressant, leading to the invalidation of the 


authorization for the use of chromium trioxide for hard chrome plating, can have extensive social and economic 


impacts. These impacts are multi-tiered, affecting suppliers of chromium trioxide, hard chrome platers, various 


industries that rely on hard chrome plating, and ultimately the customers. 


Economic Impact: The following data are taken from the Socio-economic Analysis carried out by the Chromium 


Trioxide Authorization Consortium (CTAC) , and annexed to the Application for Authorisation for Use 2, functional 


chrome plating, submitted by the CTACSub . 


Economic impact on suppliers of chromium trioxide. If hard chrome plating were to be discontinued, the expenses 


for raw materials, including chromium trioxide, and energy would plummet, leading to an estimated loss of 


€648.72 million, considering the NPV of future expenses over 12 years. 


Economic Impact on Hard Chrome Platers: The direct impact on hard chrome platers would be severe. With at 


least 23,205 employees potentially losing their jobs, the sector could face a severe downturn. The estimated loss, 


considering the NPV of future payments of wages over 12 years, is a staggering €7,939 million. 


Economic Impact on Industrial Companies Using Chrome Plating: The hard chrome plating sector underpins many 


other industries, including automotive, aerospace, defense, and heavy machinery. If hard chrome plating were to 


cease, these industries could face significant disruption, potentially causing job losses, production delays, and cost 


increases. 


Economic Impact on Customers: Customers may face the repercussions of these changes in the form of decreased 


product availability and increased costs. These impacts could affect product affordability and availability, leading 


to reduced consumer choice and potentially higher prices. 


Wider Economic Impacts: Beyond these direct impacts, there would also be broader economic implications, 


including a reduction in taxes paid by affected sectors, adverse impacts on economic development as the 


European supply chain for surfaces treated with chromium trioxide relocates to non-EEA countries, and potential 


quality and security concerns associated with increased dependency on imported parts and components treated 


with chromium trioxide. 
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Japan Valve Manufacturers’ Association (JVMA) appreciates the opportunity to provide 


comments to the PFAS restriction proposal.  


 


1. Introduction  


JVMA was established in 1954 and has been a representative association of Japanese valve 


industry for nearly seventy years. As of today, we are comprised of 115 major domestic 


valve manufacturers including several Japanese subsidiaries of European valve makers and 


additional 68 associate companies. Since our establishment, we have implemented various 


effective programs to contribute to society, occasionally cooperating with some of Central 


Government Ministries and Agencies. Especially we are pouring the biggest effort to 


resolve environmental problems, so the Environmental Committee and four working 


groups in our organization are working on the following issues:  


- Greenhouse gas reduction.  


- Design for the environment of valves.  


- Life cycle assessment of valves.  


- Gathering information on restricted substances.  


- Environmental education.  


To response to the PFAS restriction proposal, we have prepared a technical and 


socioeconomic statement which is attached document.  


 


2. Comment  


We conducted a survey on industrial fields that use valves made of fluor resin and fluor 


rubber. We provide Sector and Use information. These valves are used in chemical plants, 


water supply and drainage, water treatment, gas supply, laundry, boilers, pharmaceutical 


manufacturing, regenerative medicine, paper manufacturing, iron manufacturing, textiles, 


electrical equipment, ceramics, polishing, sawing, rare earths, environmental analysis, 


leisure equipment, and safety. Used in training equipment, cosmetics manufacturing, air 


conditioning (HVAC), food manufacturing, medical devices, precision instrument 







manufacturing, semiconductor manufacturing, electronic component manufacturing, 


transportation, aerospace, energy and petrochemical industries. It is difficult for us to 


understand Annex XV and to write comments because the sectors described in the 


proposed regulation are not exhaustive. We request that the valves used in those industrial 


fields be fully listed in the Use column of the ANNEX XV. Chemical plants include 


chemical industry, chemical plant facilities, plastic manufacturing, elastomer 


manufacturing, printing inks, photosensitive materials and fine chemical manufacturing. 


Water supply and drainage includes water supply facilities, building and residential 


applications. Water treatment categories include potable water treatment, water 


treatment, ultrapure water production, medical RO water production, hydrogen 


functional water production, ozonated water production, carbonated water production, 


wastewater treatment, and chemical dilution and neutralization.  


Gas supply areas include fuel gases, nitrogen for analysis, factory hydrogen facilities, high-


purity gases for semiconductor manufacturing, etching gases for glass manufacturing, and 


material gases for pesticide manufacturing. Boiler includes a piping system for steam-


related supply, venting, distribution, etc. Steam may be mixed with other gases. 


Pharmaceutical manufacturing also includes vaccine manufacturing, the manufacturing 


of physiological saline solutions, nutritional supplements, and functional beverages. 


Pharmaceutical manufacturing involves transportation of gases, liquids, and powders. 


Pharmaceutical manufacturing also includes the manufacturing of physiological saline 


solutions, nutritional supplements, and functional beverages. Pharmaceutical 


manufacturing involves transportation of gases, liquids, and powders. Valves for 


regenerative medicine are used to control cell culture fluids, fluids containing original 


cells, supernatants, blood and body fluids. In addition, gas such as H2O2 is also flowed 


through the valve for sterilization.  


Paper plants have pipelines for bleach, pH control, whitening chemicals and steam. In the 


ceramics industry, valves are used to supply glazes. In the field of polishing and grinding, 


abrasives may contain chemicals. Strong chemicals are also used for slurry removal and 


surface modification after polishing.  


The rare earth industry uses chemicals to extract certain substances from rocks. The rare 


earth industry also includes chemical recycling. Environmental analysis includes ozone 


gas concentration measurement equipment, automatic acid rain measurement equipment, 


automatic ammonia measurement equipment, automatic COD measurement equipment, 


automatic total phosphorus and total nitrogen measurement equipment, exhaust gas 


analysis equipment, alkalinity meter, residual chlorine meter, multi-item water quality 


meter, hydrochloric acid, Automatic nitric acid analyzer, sample and reagent channel 







switching for environmental analyzer, channel switching for formulation sampling device, 


total phosphorus and total nitrogen automatic measuring device, refractometer, selenium 


monitor by chemical form, fluoride ion monitor. It includes a sulfur dioxide measuring 


device, an automatic compound sorting device, an airborne particle melting analyzer, and 


an ammonium fluoride monitor.  


Precision equipment manufacturing includes ozone gas generator, plating solution 


manufacturing and analysis equipment, concentration equipment, fully automatic 


viscosity measurement equipment, and high refractive liquid supply equipment.  


Leisure equipment uses valves to control hydraulic and pneumatic equipment and 


entertainment water.  


In the energy field, there are also fields that contribute to GHG reduction, such as the 


production of synthetic fuels using CO2 as a material, the production of fuel cells, 


hydrogen supply facility, the production of solar panels, and the production of lithium-


ion batteries.  


Medical devices include multi-use dialysis machines, multi-person dialysate supply 


machines, dialysis monitoring machines, O157 treatment machines, and ventilators. 


Medical devices also include medical analyzers. Medical analysis equipment includes 


automatic weighing equipment, automatic blood transfusion equipment, blood 


component separation equipment, microplate cleaning equipment, endoscope cleaning 


equipment, fully automatic electrophoresis equipment, sterilization evaluation equipment, 


automatic blood analysis equipment, fecal latent blood measurement equipment, 


biological this includes chemical analyzers, electrolyte analyzers, reagent supply for these 


medical devices, and sample supply equipment.  


In the semiconductor manufacturing field, valves are divided into those for chemical 


liquids and those for gases. Liquid chemical valves are used in cleaning process equipment, 


polishing equipment, wet etching equipment, immersion exposure equipment, jig 


cleaning equipment, liquid quality analysis equipment, and coater equipment. Gas valves 


are used in etching equipment, diffusion process equipment, and wafer inspection 


equipment. Valves are also used as flow controllers. These valves use not only fluor resins 


and fluor elastomers, but also fluor grease, depending on necessity. As our information 


indicates, the used section and Use of fluor elastomer valves is broad. Their uses are 


essential and critical. At a later date, the Japan Valve Manufacturers' Association and valve 


manufacturers will submit comments on the uses and sub-uses, as well as the technical 


functions required of the substances. We have not obtained other materials that can 


replace the multi-functionality of fluoroplastics and fluor rubbers. We may be able to 


develop alternatives, but we cannot prepare everything in a short period of time. For that 







reason, we require valves to comply with the conditions of restriction “until 13.5 years 


after EiF”. It is desirable that the conditions of restriction corresponding to the multiple 


Uses described in this comment be clarified in the opinion of RAC and SEAC. We would 


like your feedback on our opinion and consideration of the conditions of restriction 


criteria.  







Aug 1, 2023 


Comment on Proposed Restriction of PFAS 


Japan Valve Manufacturers’ Association (JVMA) 


 


Japan Valve Manufacturers’ Association (JVMA) appreciates the opportunity to provide 


comments to the PFAS restriction proposal. 


 


1. Introduction 


JVMA was established in 1954 and has been a representative association of Japanese valve 


industry for nearly seventy years. As of today, we are comprised of 115 major domestic valve 


manufacturers including several Japanese subsidiaries of European valve makers and 


additional 68 associate companies. Since our establishment, we have implemented various 


effective programs to contribute to society, occasionally cooperating with some of Central 


Government Ministries and Agencies. Especially we are pouring the biggest effort to resolve 


environmental problems, so the Environmental Committee and four working groups in our 


organization are working on the following issues: 


- Greenhouse gas reduction. 


- Design for the environment of valves. 


- Life cycle assessment of valves. 


- Gathering information on restricted substances. 


- Environmental education. 


To response to the PFAS restriction proposal, we have prepared a technical and 


socioeconomic statement which is attached document. 


 


2. Comment 


The origin of valves is thought to be wooden cocks excavated from ancient Egyptian ruins 


around 1000 years ago. In ancient Roman times, aqueducts were installed and bronze 


faucets were used. Humans have evolved civilization. 


The uses of valves, which started with drinking water and beer, have diversified. Valves are 


required to have sealing performance.  Until the invention of polymers, seals were made 


from plant-based materials such as rope and various fibers. Rubber was the best material for 


the seal. 







However, along with the deepening of sealing materials, liquids and gases that decompose 


them have also come to be used in industry. In response, fluoropolymers and fluor 


elastomers have been used only where necessary. There may be no evidence left behind why 


the fluor resin material was selected. Factory owners and consumers will not tolerate 


excessive quality. Fluoropolymers and fluor elastomers have been properly adopted in 


various sectors over the years. Technically and economically feasible alternatives are not 


generally available. Loss of functionality of valve sealing could have substantial economic 


implications, including shorter operational lifetime of infrastructures, increased frequency 


and costs of maintenance, and increased operational downtimes. Valve seal parts include 


gaskets, packing, valve seats, linings, bearings, and press-fit seal members. 


We require valves to comply with the conditions of restriction “until 13.5 years after EiF”. 
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Japan Valve Manufacturers’ Association (JVMA) appreciates the opportunity to provide 


comments to the PFAS restriction proposal. 


 


1. Introduction 


JVMA was established in 1954 and has been a representative association of Japanese valve 


industry for nearly seventy years. As of today, we are comprised of 115 major domestic valve 


manufacturers including several Japanese subsidiaries of European valve makers and 


additional 68 associate companies. Since our establishment, we have implemented various 


effective programs to contribute to society, occasionally cooperating with some of Central 


Government Ministries and Agencies. Especially we are pouring the biggest effort to resolve 


environmental problems, so the Environmental Committee and four working groups in our 


organization are working on the following issues: 


- Greenhouse gas reduction. 


- Design for the environment of valves. 


- Life cycle assessment of valves. 


- Gathering information on restricted substances. 


- Environmental education. 


To response to the PFAS restriction proposal, we have prepared a technical and 


socioeconomic statement which is attached document. 


 


2. Comment 


There is a tapered thread as a connection method for pipe to pipe and pipe to valves. 


Many products with tapered threads are already on the market. A PTFE sealing tape is used 


to seal the tapered thread. A viscous liquid, Bond, has been proposed as an alternative. 


However, the health safety of these alternatives is yet to be determined. PTFE sealing tape 


has the potential to tear and flow. 


However, there are no reports that PTFE sealing tape is harmful. PTFE does not decompose 


and is harmless to the human body. It will take time for the safety of alternatives to be 







guaranteed. We require PTFE sealing tape to comply with the conditions of restriction “until 


13.5 years after EiF”. 






