	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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Scope or restriction option analysis
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Description of analytical methods
Information on alternatives
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Request for exemption

Type:
BehalfOfAnOrganisation
Org. type:
Company
Org. name:
Halocarbon
Org. country:
United States of America
Attachment:
<redacted>
Privacy statement:
Contains Confidential Information – Protected Against Disclosure Under Article 4 of Regulation (EC) No 1049/2001. Our customer is submitting similar information as confidential, and we have a CBI agreement with them.
	General Comments:
Halocarbon is requesting a new derogation to include critical applications for “Military/Defense/Aerospace”.

Halocarbon welcomes this opportunity to respond to the ECHA Annex XV proposal for the restriction of Per- and polyfluoroalkyl substances (PFASs).  Throughout our 70+ year history, we have always believed in the responsible use of fluorochemistry. We believe that the products we manufacture, and sell can ensure the safety of people and the environment when used properly.  In many cases, no suitable alternatives exist wherein the benefit of the alternative outweighs its own environmental and human safety risks when compared to a fluorinated material. Some critical facts pertaining to Halocarbon’s position on PFAS:
• For 73 years, Halocarbon has been committed to the key industrial applications (business-to-business sales into hazardous operations) where low-volume specialty fluorochemistry is critical due to its unmatched safety, performance, non-reactive properties, and that there are no other suitable non-fluorinated equivalent materials.
• Halocarbon is the only US-based supplier of many critical fluorochemicals currently used in defense, aeronautical, space, and naval applications focused on national and regional security.
• Halocarbon products are manufactured in low volumes that are still commercially relevant and sold into business-to-business applications for use by trained professionals.  In many of these applications no suitable non-fluorinated products exist or can provide the safety, nonreactivity, and containment of extremely hazardous and/or toxic chemicals (e.g. chlorine, nitric acid, liquid oxygen, etc.).
• Halocarbon seeks to engage in open dialogue with regulators, subject matter experts, and public officials to help create meaningful fluorochemical regulation, grounded in the best available science and will abide by and protect all established regulations.
• Halocarbon is and will continue to work with customers to develop cradle-to-grave product strategies and lifecycle solutions.  We seek to establish a circular economy around our fluorinated products, to establish and drive more risk based responsible use and disposal consumption of fluorinated materials.
• Throughout our history, Halocarbon has never manufactured, used, or sold products containing fluorinated surfactants like perfluorooctanoic acid (PFOA) or perfluorooctanesulfonic acid (PFOS).
• Throughout our history, Halocarbon has never manufactured or sold fluorinated materials into non-essential applications such as food-packaging materials or cosmetic products.
Halocarbon believes that the PFAS definition currently proposed by ECHA is too broad to have regulatory utility.  Instead, we believe that regulators should be specific in defining chemicals by structure (e.g., PFOA and PFOS) or in groups of closely related structures (e.g., perfluoroalkyl acids).  Regulators should also focus on specific applications that pose the greatest environmental or consumer risk (e.g. AFFF, food packaging, cosmetics products, etc.), and exclude lower risk chemicals that are used in highly controlled industrial applications and chemicals that are already highly regulated.  We also encourage regulators to evaluate risk by excluding chemicals that are not environmentally mobile, not water soluble, and those that are designed for use in contained (immobilized) applications.


	
	
	Answer to specific info request 1:
Please see Section V, Confidential Attachments.

	
	
	Answer to specific info request 2:
Please see Section V, Confidential Attachments.

	
	
	Answer to specific info request 3:
Please see Section V, Confidential Attachments.

	
	
	Answer to specific info request 4:
Please see Section V, Confidential Attachments.

	
	
	Answer to specific info request 5:
Please see Section V, Confidential Attachments.

	
	
	Answer to specific info request 6:
Please see Section V, Confidential Attachments.

	
	
	Answer to specific info request 7:
Please see Section V, Confidential Attachments.

	
	
	Answer to specific info request 8:
Please see Section V, Confidential Attachments.

	
	
	Answer to specific info request 9:
Please see Section V, Confidential Attachments.

	
	
	Answer to specific info request 10:
Please see Section V, Confidential Attachments.



	8372
	Date:
2023/09/21  22:14
Content:
Scope or restriction option analysis
Hazard or exposure
Description of analytical methods
Information on alternatives
Information on benefits
Transitional period

Type:
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Org. type:
Company
Org. name:
PCB Piezotronics, Inc. and its Subsidiaries
Org. country:
United States of America
Attachment:

 
	General Comments:
Details are included in the attachment.

	
	
	Answer to specific info request 1:
Electronics, Semi-conductors, Energy, Automotive Safety

	
	
	Answer to specific info request 5:
Our products are designed to be returned at end of life and do not create any emissions.   They do not create, degrade, emit, nor mature into any additional PFAS substances.

	
	
	Answer to specific info request 6:
See attachment.

	
	
	Answer to specific info request 7:
See attachment.

	
	
	Answer to specific info request 8:
See attachment.

	
	
	Answer to specific info request 9:
See attachments on electronic devices and devices used in the energy sector.
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Yes
Attachment:

 
<redacted>
Privacy statement:
Attachment includes blueprints on tape libraries used by IBM and shows detailed drawings of components within tape libraries; this information is not public.
	General Comments:
Please refer to attachments for derogation request and response regarding the public consultation on the proposed restriction on per and polyfluoroalkyl compounds (PFAS).

	
	
	Answer to specific info request 1:
Electronics, Lubricants, Tape Libraries

	
	
	Answer to specific info request 6:
Please refer to attachments regarding analysis of alternatives and socioeconomic analysis covering elements a-g.
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Type:
BehalfOfAnOrganisation
Org. type:
Company
Org. name:
Halocarbon
Org. country:
United States of America
Attachment:
<redacted>
Privacy statement:
Contains Confidential Information – Protected Against Disclosure Under Article 4 of Regulation (EC) No 1049/2001. Our customer is submitting similar information as confidential, and we have a CBI agreement with them.
	General Comments:
Halocarbon wants to ensure that all our activities will be either supported in this existing derogation or in the proposed derogation by the SEMI groups titled, “The semiconductor manufacturing process”. Both SEMI US and EU have made submissions proposing this new derogation.

Halocarbon welcomes this opportunity to respond to the ECHA Annex XV proposal for the restriction of Per- and polyfluoroalkyl substances (PFASs).  Throughout our 70+ year history, we have always believed in the responsible use of fluorochemistry. We believe that the products we manufacture, and sell can ensure the safety of people and the environment when used properly.  In many cases, no suitable alternatives exist wherein the benefit of the alternative outweighs its own environmental and human safety risks when compared to a fluorinated material. Some critical facts pertaining to Halocarbon’s position on PFAS:
• For 73 years, Halocarbon has been committed to the key industrial applications (business-to-business sales into hazardous operations) where low-volume specialty fluorochemistry is critical due to its unmatched safety, performance, non-reactive properties, and that there are no other suitable non-fluorinated equivalent materials.
• Halocarbon is the only US-based supplier of many critical fluorochemicals currently used in defense, aeronautical, space, and naval applications focused on national and regional security.
• Halocarbon products are manufactured in low volumes that are still commercially relevant and sold into business-to-business applications for use by trained professionals.  In many of these applications no suitable non-fluorinated products exist or can provide the safety, nonreactivity, and containment of extremely hazardous and/or toxic chemicals (e.g. chlorine, nitric acid, liquid oxygen, etc.).
• Halocarbon seeks to engage in open dialogue with regulators, subject matter experts, and public officials to help create meaningful fluorochemical regulation, grounded in the best available science and will abide by and protect all established regulations.
• Halocarbon is and will continue to work with customers to develop cradle-to-grave product strategies and lifecycle solutions.  We seek to establish a circular economy around our fluorinated products, to establish and drive more risk based responsible use and disposal consumption of fluorinated materials.
• Throughout our history, Halocarbon has never manufactured, used, or sold products containing fluorinated surfactants like perfluorooctanoic acid (PFOA) or perfluorooctanesulfonic acid (PFOS).
• Throughout our history, Halocarbon has never manufactured or sold fluorinated materials into non-essential applications such as food-packaging materials or cosmetic products.
Halocarbon believes that the PFAS definition currently proposed by ECHA is too broad to have regulatory utility.  Instead, we believe that regulators should be specific in defining chemicals by structure (e.g., PFOA and PFOS) or in groups of closely related structures (e.g., perfluoroalkyl acids).  Regulators should also focus on specific applications that pose the greatest environmental or consumer risk (e.g. AFFF, food packaging, cosmetics products, etc.), and exclude lower risk chemicals that are used in highly controlled industrial applications and chemicals that are already highly regulated.  We also encourage regulators to evaluate risk by excluding chemicals that are not environmentally mobile, not water soluble, and those that are designed for use in contained (immobilized) applications.


	
	
	Answer to specific info request 1:
Please see Section V, Confidential Attachments.

	
	
	Answer to specific info request 2:
Please see Section V, Confidential Attachments.

	
	
	Answer to specific info request 3:
Please see Section V, Confidential Attachments.

	
	
	Answer to specific info request 4:
Please see Section V, Confidential Attachments.

	
	
	Answer to specific info request 5:
Please see Section V, Confidential Attachments.

	
	
	Answer to specific info request 6:
Please see Section V, Confidential Attachments.

	
	
	Answer to specific info request 7:
Please see Section V, Confidential Attachments.

	
	
	Answer to specific info request 8:
Please see Section V, Confidential Attachments.

	
	
	Answer to specific info request 9:
Please see Section V, Confidential Attachments.

	
	
	Answer to specific info request 10:
Please see Section V, Confidential Attachments.
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	General Comments:
Per the Information Note, some relevant uses may not have been identified yet.   One such missing use is the Industrial Automation Monitoring & Control sector.   The attached paper provides justification to add Industrial Automation Monitoring & Control as a new use sector.  Subsequently, a request is made for a 12-year derogation of fluoropolymers for use in this new sector.

	
	
	Answer to specific info request 1:
See attached paper.  Emerson, a global technology and engineering company with significant operations in Europe, has closely reviewed the Annex XV Per-and Polyfluoroalkyl Substances (PFAS) restriction proposal and has identified a missing use that is critical to the EU and the world.    The attached paper provides justification to add Industrial Automation Monitoring & Control as a new use sector.  Subsequently, a request is made for a 12-year derogation of fluoropolymers for use in this new sector.  Additionally, Industrial Automation Monitoring and Control Equipment is necessary to support most of the 15 existing use sectors (listed below).  1. Manufacturing of PFAS Processing Aids 2. Textiles, Upholstery, Leather, Apparel and Carpets (TULAC) 3. Food Contact Materials & Packaging 4. Metal Plating & Manufacture of Metal Products 5. Consumer Mixtures 6. Cosmetics 7. Ski Waxes 8. Applications of Fluorinated Gases 9. Medical Devices 10. Transport 11. Electronics & Semiconductor 12. Energy Sector 13. Construction Products 14. Lubricants 15. Petroleum & Mining

	
	
	Answer to specific info request 2:
See attached paper.  Manufacture of fluoropolymers: IAMC equipment manufacturers do not directly produce fluoropolymers. All components made of fluoropolymers or containing fluoropolymers are pre-manufactured by upstream suppliers and provided as final components (i.e., O-rings).  Service Life (Use):  The useful life of Industrial Automation Monitoring and Control equipment is very long, often greater than 15 years.  The risk of environmental or human exposure to fluoropolymers is very limited throughout the service life of IAMC products due to the closed loop and sealed structures of the products.  End-of-Life: Once the equipment containing fluoropolymers reaches the end of the service life phase there are effectively three waste management options. This covers the potential for recovery and recycling, disposal in landfill, and destruction through incineration at Energy from Waste (EfW) plant. IAMC equipment is designed so that it can be disassembled and separated at the end-of-life for processing or re-use in a circularity methodology.

	
	
	Answer to specific info request 3:
See attached paper.   During waste handling 55% of all end-of-life fluoropolymer is recovered and recycled, with the next biggest disposal option being landfill (32% by volume). The remainder (13%) is sent for thermal destruction via incineration.

	
	
	Answer to specific info request 4:
See attached paper.  Fluoropolymers can be both chemically and mechanically recycled.  For chemical recycling, fluoropolymers can be returned back to their building blocks for reconstruction without damage to their properties.    Melt-processable fluoropolymers can be recycled through traditional mechanical methodologies.  The fate of fluoropolymers at the end-of-life in Industrial Monitoring and Control equipment is controllable.

	
	
	Answer to specific info request 6:
See attached paper.  Emerson, a global technology and engineering company with significant operations in Europe, has closely reviewed the Annex XV Per-and Polyfluoroalkyl Substances (PFAS) restriction proposal and has identified a missing use that is critical to the EU and the world.    The attached paper provides justification to add Industrial Automation Monitoring & Control as a new use sector.  Subsequently, a request is made for a 12-year derogation of fluoropolymers for use in this new sector.  Alternatives Industrial Automation Monitoring and Control equipment commonly operates in harsh environments where only fluoropolymers can deliver the performance needed for safe and efficient operations.   Socio-economic analysis The potentially significant negative implications for the IAMC sector and especially the many downstream user sectors could lead to wider impacts for the European economy and society. For example:  Emerson is concerned that the EU could fall behind other countries on technology competitiveness, especially in the area of chemical processing. Potential outcomes include reduction in manufacturing operations resulting in higher imports for everything from food to pharmaceuticals.

	
	
	Answer to specific info request 7:
See attached paper.  Industrial Automation Monitoring and Control is necessary for the manufacturing of products essential within the other eleven potential derogations for reconsideration:  Alternatives Downstream user sectors relying on industrial automation and the products and services it enables account for economic activities and benefits that are likely orders of magnitude larger than the IAMC sector itself. If a significant part of IAMC applications were lost due to the proposed restriction, this could severely affect industrial automation, increase the costs of industrial processes, and put the benefits provided by applications in downstream user sectors at risk.  1. Textiles for the use in engine bays for noise and vibration insulation used in the automotive industry. 2. Hard chrome plating 3. Foam blowing agents in expanded foam sprayed on site for building insulation 4. Industrial and professional use of solvent-based debinding systems in 3D printing  5. Industrial and professional use of smoothing agents for polymer 3D printing applications 6. Propellants for technical aerosols for applications where non-flammability and high technical performance of spray quality are required 7. Preservation of cultural paper-based materials 8. Cleaning and heat transfer: engineering fluids for medical devices 9. Membranes used for venting of medical devices. 10. Refrigerants and for mobile air conditioning in military applications 11. Semiconductor manufacturing process

	
	
	Answer to specific info request 8:
See attached paper.    Alternatives The high performance of fluoropolymers across a multitude of properties is what sets fluoropolymers apart from other materials and makes them a requirement for most applications.  It also makes the list of viable alternatives very short.  Socio-economic analysis Exclusion of Industrial Automation Monitoring and Control equipment could result in distress for the EU due to the inability to manufacture the essential products that make the other identified uses viable.
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PFAS Requested Derogations and Justifications


For PCB Piezotronics, Inc. and its Subsidiaries








[bookmark: _i42g5t1k95fy]Derogations needed for PFAS applications 


necessary for PCB Piezotronics Companies’ 


applications without effective substitutes





Submission Date: 21 September 2023









[bookmark: _Hlk146090184]This submission is in response to the European Chemical Agency’s (ECHA) public consultation on the proposal for a restriction of per- and polyfluoroalkyl substances (PFAS) in the Annex XV Restriction Report from 22 March 2023. It is respectfully submitted on behalf of PCB Piezotronics, Inc. (“PCB”) and its direct and indirect subsidiaries set forth on Exhibit A attached hereto (collectively, PCB and its subsidiaries are referred to herein as the “PCB Companies”). The PCB Companies are committed to continuously improving the environmental performance and safety of all products they place on the market. 





Products of the PCB Companies are considered complex products (articles) and have anywhere from 10 to 500 components in each individual product. Further, the PCB Companies have thousands of active model numbers, each with separate bills of material. This submission is based on a detailed review of our products and supply chain, including internal review by the PCB Companies, review by an independent outside expert, Claigan Environmental Inc. (“Claigan Environmental”), and a review of our supply chain. The complexity of the supply chain, and the intermediate and final products manufactured by PCB Companies does not easily lend itself to gathering credible and accurate information on all essential chemicals and materials embedded in electronics manufacturing processes and products.





As of August 31, 2023, more than 150 comments have been submitted to ECHA by electronics companies or associations.  All state similar findings: the utility of PFAS is important and irreplaceable, the supply chain is layered and dynamic, the products manufactured are complex, and their function is governed by laws of physics and chemistry. The ability to efficiently replace these aspects is limited by these complexities. Therefore, it is critical that ECHA consider a modification to the derogations proposed by the Dossier Submitters. A universal restriction of PFAS will impact the PCB Companies’ business interactions in Energy, Aerospace & Defense, Test & Measurement, Automotive, PDM & Process Monitoring, and Noise Monitoring applications in the European Union. To effectively minimize impacts to the users of our products in the EU economy, and to the digital and green transition already happening in the EU, it is necessary to have a derogation for intermediate and final electronics products for the 18-month transition period plus a minimum of 12 years.





Furthermore, without proper time to develop, demonstrate performance, and study the environmental and health impacts of alternatives, the resulting impact on the electronics products could create disruption, additional waste and risk to the end user.





[bookmark: _Int_aA5zQsZv]The complexity of identifying suppliers and understanding what kinds of PFAS exist in products has proven difficult. Due to the specialized processes and proprietary composition of the electronic components, the design authority of the end product is often unaware of where PFAS are used.   Additionally, based on the broad and varying definitions in the classification of chemistries as PFAS, when presented with a chemical name, it is unclear to the design authority whether it qualifies as PFAS and would fall under the proposed restriction.  We are working with our supply chain and testing partners to identify additional PFAS in our products and determine if it can be replaced. It is not easy or straightforward. Set forth below are known materials which are currently not replaceable in our products. Accordingly, the PCB Companies respectfully request a derogation with respect thereto.  









Requested Derogations for the PCB Companies are set forth below. 





1. PIEZOELECTRIC MATERIALS


2. DIELECTRIC USES (INCLUDING SIL PADS AND CIRCUIT BOARD FLAME RETARDANT	


3. ELECTRICAL INSULATION


4. HEAT SHRINK AND THIN FILM MATERIALS


5. PTFE AND EPTFE WIRES


6. LUBRICANTS/PULLING LUBRICANTS; INCLUDING FOAMS


7. THREADS, O-RINGS, PLUNGERS, HAMMER SHAFT (ASSEMBLY AND MAINTENANCE)


8. FLUOROELASTOMERS INCLUDING VITON	


9. PTFE PARTS INCLUDING TAPE


10. SURFACTANT IN CIRCUIT BOARD CLEANER


11. RELEASE AGENTS (UNDECLARED BUT VERY COMMON) 


12. OIL USED AS HYDRAULIC FLUID


13. ANTI-DRIP IN POLYCARBONATE HOUSINGS 


14. LABEL RELEASE PAPER





Time requested 13.5 Years 


Aerosol fluoro coating spray; including Fluoropolymer and Perfluoropolyether Release Agents


The use of lubricant spray on wires is very common and listed separately. The actual spray for mold release, wire lubrication, and general part lubrication are usually the same source aerosol (normally fluorosilicone) applied as wire lubricant spray; to internal wiring or their assembly equipment.  The spray reduces the friction of PVC or XLPE wires improving cable flexibility and durability.  Fluoropolymer and Perfluoropolyether (PFPE) release agents are used in manufacturing processes of plastic and rubber parts including foam. Very common for hookup wires in flexible. Fluoropolymer and PFOE release agents are commonly used in the molds for rubber, plastic, and foams materials.  The most common applications of mold release agents are in the manufacturing of o-rings, gaskets, and foam.  Roughly 25% of o-rings / gaskets in physical products have residual release agents on the surface above 100 ppm fluorine. Without effective release agents, the rubber, plastic, or foam part would adhere partially to the mold and suffer defects. Substitutes / Alternatives; Silicone mold release agents would be a suitable replacement for PFAS release agents in most applications, however the use of PFAS release agents are so prevalent in manufacturing that the conversion and re-qualification process will take time to identify which have and which do not. Forever Chemicals Risk None expected. Due to the low concentration of fluorocoating, no measurable PFAS forever chemicals over 25 ppb is expected.





[bookmark: _Hlk146178230]Time requested 13.5 Years 


FEP, PFA, PTFE, and ETFE for electrical insulation; FEP, ETFE, PTFE and ETFE used for electrical insulation purposes except wiring. FEP, PTFE and ETFE have very low dielectric constants which makes both materials excellent electrical insulators. These materials are primarily used in connectors and electronic components including microphones for electrical insulation. The most visually obvious uses are the white ‘ring’ inside a coaxial connector or the white center core of a wireless router antenna. PTFE and ETFE spacers include any application that requires electrical insulation including spacers / separators in batteries or capacitors Substitutes/Alternatives; No other material has equivalent dielectric constant / electrical insulation capability. Forever Chemical Risk-None expected in initial material nor is material expected to degrade into forever chemicals. The exception is PFA which can have a small amount of perfluorocarboxlates from degradation of its C-O-C side chain bond. PFA can be made without perfluorocarboxylate degradation, but it will take time to replace.  There is a separate derogation request for phase out of perfluorocarboxylates in PFA. PFA represents <1% of fluoropolymers in dielectrics / insulators. 





Time requested 13.5 Years


Fluoro sprays for industrial lubrication PTFE and fluorosilicone sprays for maintaining lubrication in industrial equipment. Metal (and some plastic) parts have very high coefficients of frictions.  PTFE and fluorosilicone sprays are capable of dramatically reducing the friction of metal parts with only a thin layer applied. Fluorosprays are used on metal parts in contact with other metal parts such as gears, shafts, and bearings.  Without a fluoro spray, the metal parts would have very high friction and wear. Fluid lubrication is not possible in all situations, and a thin layer of PTFE or fluorosilicone is necessary for lubrication. Note - one side effect of the use of fluorolubricants on machinery is that some of the lubricants can be expected (especially fluorosilicone) to migrate to products by contacting machinery during their manufacturing process.  Substitutes / Alternatives - No other spray is as effective in low concentrations and thickness in achieving this reduced friction.  Silicone spray is less effective than fluoro sprays and often contains D4, D5, and D6 forever chemicals (also regulated in the EU with further restriction expected).  Silicone lubricants stay ‘wet’, apply thicker, do not have good high temperature resistance, and are less effective on moving parts. Fluoroacrylates require specific plastic substances to adhere which normally contain perfluorocarbonxylates (and are not included in the scope of this derogation request). Forever Chemical Risk None expected.  PTFE dry sprays and fluorosilicone sprays are not expected to have any measurable forever chemicals. PTFE powder in dry spray is not expected to contain perfluorocarboxylates (PFOA) and does not contain the C-O-C bond that degrades into perfluorocarboxylates. Fluorosilicone may contain trace amounts, but the thickness of the layer will normally reduce the concentration of those chemicals in the part below measurement detection.


Necessary for the proper functioning of machinery, low risk to human health, wide spread use, and no equivalent alternatives.





Time requested 13.5 Years 


[bookmark: _Toc144884750]Fluoro-coated This listing is for fluorocoating over nitrile (or similar) rubber. Fluorocoatings over nitrile rubber are common in applications where nitrile rubber would come into contact with acids or requires low friction.  The fluorocoating provides the nitrile rubber with surface properties of fluoropolymers but not the full advantages and wear resistance of fluoroelastomers. Fluorocoated nitrile is common in the medical and pharmaceutical industry. Forever Chemical Risk-Never





Time requested 13.5 Years 


[bookmark: _Toc144884744]Fluoroelastomers  This listing is for a wide range fluoroelastomers (FKM) and perfluoroelastomers (FFKM) - and also include fluorosilicone rubber. A very common fluoroelastomer for high temperature or high acidity environments. Forever chemicals Risk- Commonly has 6:2 FTS > 1 ppm Commonly - Normally contains perfluorocarboxylates (PFOA family) or perfluorosulfonates (PFOS family). Rarely has short chain perfluorocarboxylates (PFHpA and smaller) ~ 100 ppb 





Time requested 13.5 Years 


Fluoroelastomers for electrical insulation: Fluorosilicone, amorphous fluoro resins, and fluoroelastomers (including perfluoroelastomers) for electrical insulation purposes except wiring. Fluoroelastomers (and similar materials) have low dielectric constants which makes both materials good electrical insulators. PTFE and ETFE have limited flexibility and fluoroelastomers are required to meet both the electrical insulation and flexibility requirements. It is common products using fluoroelastomers for electrical insulation.  Fluorosilicone, amorphous fluoro resins, fluoroelastomers, and perfluoroelastomers have very similar performance and materials characteristics and are recommended to be covered under the same derogation. No other material has equivalent dielectric constant / electrical insulation capability with flexibility. Fluoroelastomer use is more specialized and lower volume than PTFE and ETFE for the same purpose.  - Fluoroelastomers and perfluoroelastomers require a sulfonated fluorotelomer surfactant as part of their emulsion polymerization manufacturing process.  Forever Chemical Risk - All of the fluorosulfonates or fluorocarboxyles present are short chain chemicals and none are classified vPvB or PBT substances. Wide spread use, no forever chemicals, and no suitable replacement.





Time requested 13.5 Years


Fluoroether for degreasing applications; Fluoroethers for vapour solvent degreasing of machined parts is widely used. Fluoroethers have high solvency strength, low nonvolatile residue and low surface tension.   Fluorinated solvents provide excellent cleaning performance. Fluoroethers are critical for comprehensive cleaning of metal machined parts. Without fluorethers, residue and contamination on machine parts will be common. Substitutes / Alternatives; Chlorinated and brominated solvents can be used to degrease metal parts, they have higher greenhouse gas and environmental emissions; and reduced solvency power - resulting in environmental hazards and would reduce part quality. Forever Chemicals Risk- None expected.  Fluoroethers are not expected to degrade into perfluorocarboxylates.  Fluoroethers themselves have short half lives in the environment and are not bioaccumulants of their own. Necessary for reduced greenhouse gas emissions, reduced contaminants on medical devices, degrade in the environment, and have low risk to human health.





Time requested 13.5 Years 


Fluoroethers PFAS Polymers and Non-Polymers for degreasing applications often used as surfactant in circuit board cleaner.  This application of fluoroacrylates is at very small concentrations and may not even be detectable by most laboratories test methods after application. The application of fluoroacrylates on capacitors and semiconductors often requires a small amount of perfluoroethers as a solvent.  A small concentration of perfluoroethers would be expected in the final coating, however the coating would be so small/thin that the fluoroethers would likely not be detectable with standard test methods. Forever Chemicals Risk- Not Detectable Fluoroacrylates normally contain perfluorocarboxylates from the fracturing of the C-O-C connecting the fluoro side chain to the acrylic polymer backbone.  However, the overall concentration of the fluoroacrylate coating on the device may be so small/thin, that the perfluorocarboxylates would not be measurable in the final device.





Time requested 13.5 Years 


Fluoropolymers in on labels; Fluorocoatings on labels of products (excluding textiles) necessary for environmental resistance. Paper and polyester labels degrade in weather conditions such as rain, sun, or humidity. By fluorocoating the surface of the label, the label can resist water, oil, and other environmental conditions.  In many cases, these labels contain information that would create safety issues if subject to aging. Fluorocoated labels are used in a wide range of applications including outdoor products, but can include an electronic product that requires the label to withstand humidity and high temperature. Substitutes / Alternatives- Most polymers do not have the water resistance and oil/stain resistance of fluoropolymers. PVC has nearly equivalent water and oil resistance, but has risks of other regulated substances (such as phthalates) and does not withstand temperature ranges as well as fluoropolymers. Forever Chemical Risk- None expected. This does not include fluoroacrylic coatings that would create perfluorocarboxylates (PFOA family) regulated under POP or REACH. No suitable replacements exist, required for safety warnings on products, and does not provide a risk to human health.





Time requested 13.5 Years 


Fluoropolymer and perfluoropolyether (PFPE) release agents used in manufacturing processes of plastic and rubber parts including foam The most common applications of mold release agents are in the manufacturing of o-rings, gaskets, and foam.  Roughly 25% of o-rings / gaskets in physical products have residual release agents on the surface above 100 ppm fluorine. Without effective release agents, the rubber, plastic, or foam part would adhere partially to the mold and suffer defects. Substitutes / Alternatives available are silicone mold release agents would be a suitable replacement for PFAS release agents in most applications, however the use of PFAS release agents are so prevalent in manufacturing that the conversion and re-qualification process will take years. Forever Chemicals- None expected. Due to the low concentration of fluorocoating, no measurable PFAS forever chemicals over 25 ppb is expected.





Time requested 13.5 Years 


Heat transfer fluids; 	Heat transfer fluids for professional and industrial applications. Fluoro heat transfer liquids are used in a range of industrial applications to transport the heat from part of the machinery or equipment to another. Fluoro heat transfer fluids are commonly used in semiconductor manufacturing, data centers, and in the military/aerospace industries. These applications are very specialized with tremendous heat generation / transfer requirements. Substitutes / Alternatives- No other fluids have equivalent heat capacity to transfer heat sufficiently in machinery.  Replacement with other fluids would create safety and performance issues in industrial applications such as semiconductor manufacturing, data centers, and military/aerospace. Forever Chemical Risk  None expected.  Fluoro heat transfer fluids are commonly built on chemical structures of F, C, and N without the oxygen bonds that degrade into perfluorocarboxylates. No suitable replacements, specialized industrial applications, low exposure to the public, and no expectation of forever chemicals.





Time requested 13.5 Years 


[bookmark: _Toc144884768][bookmark: _Hlk145508052]PFA Part  This listing is a general listing for PFA used in a solid part (non-coated) in a product (excluding wires).  PFA parts are very common in applications requiring low friction or high temperature performance - in particular for situations requiring superior chemical resistance. Commonly has a full range of perfluorocarboxylates (PFOA family) Forever chemicals Risk PVDF binders would not normally be expected to contact forever chemicals.





Time requested 13.5 Years 


[bookmark: _Toc144884762]PFA Wire  Perfluoroalkoxy alkane (PFA) insulated hookup wire. PFA hook up wire is one of the most common PFAS insulations as it has superior temperature resistance compared to other wire insulations and significant flexibility advantages over PTFE. PFA wire is very common in dense electronics and in invasive or implantable medical devices. Forever Chemicals Risk-  has a full range of perfluorocarboxylates (PFOA family).





Time requested 13.5 Years 


PFAS Polymers and Non-Polymers; PTFE, PFA, FEP, PVDF, and fluoroelastomer (including perfluoroelastomer) tubing not in contact with drinking water. Fluoroelastomer tubing not in contact with drinking water. Fluoroelastomers have a separate perfluorosulfonate risk from the irradiated PTFE/PVDF or PFA perfluoroalkyl carboxylate risk. PTFE tubing is used in a very wide range of applications either to transport fluid or to provide protection to another material. Fluoropolymer tubing is non-reactive with virtually all fluids and does not affect the quality of the liquid or gas being transported. Fluoropolymer tubing is widely used in electronics to protect wiring or other components.  This tubing is not specifically wire insulation, but it is commonly used in tube or heat shrink form in applications requiring high temperature resistance.  For example - the leads of most transformers in electronics are protected by PTFE tubes. No other polymer is as effective as a tubing material in applications in either  a) High temperature applications (electronics) or b)Transportation of fluid and gasses (with no reactivity with the transported fluids). Polyurethane and PVC tubing can be used in some applications, but have poor resistance to acids and bases, can release chemicals (isocyanates or phthalates) into the fluid, and have poor temperature stability. Forever Chemical Risk -PTFE and PVDF tubing is often irradiated, in particular if used as heat shrink. These perfluorocarboxylates are created during the irradiation process of the powder for the tubing and are not expected to further degrade into additional perfluorocarboxylates. PFA often (but not always) contains perfluorocarboxylates because of its weak C-O-C side chain bond. This is related to a necessary processing aid in their emulsion manufacturing process.  No suitable replacements, required for fluid transport or temperature performance reasons, substitution would affect the majority of electronics on the EU market, and not in contact with drinking water.











Time requested 13.5 Years 


PFAS Polymers PFBS (and its salts) for the purposes of plastic clarity in flame retarded polymers under 1,000 ppm of the plastic used for Piezoelectricity, durability, heat resistance, flexibility, manufacturability. Flame retardant additives to transparent polycarbonate (and similar materials) tends to create a hazy or opaqueness. The addition of trace levels of PFBS (or its salts) maintains the transparency of the plastic. Transparency and flame retardancy are critical criteria for a number of applications including electronic displays or construction materials. Substitutes / Alternatives; There are currently no effective replacements for PFBS as a clarifying additive for flame retardant transparent plastics. Forever Chemicals- None expected.  Note - PFBS would be present in the product <1,000 ppm. However PFBS is not currently classified as a vPvB or PBT chemical in the EU.





Time requested 13.5 Years 


[bookmark: _Hlk145600116]PFAS Polymers; PTFE as a lubricant additive under 1% concentration not in contact with drinking water. PTFE in Low Friction Plastic PTFE powder is added to another polymer (such as nylon) to reduce friction and wear of the plastic part. PTFE added to low friction plastic parts are generally in applications requiring reduced friction or wear such as a valve or other moving part. Forever Chemicals Risk: Never





Time requested 13.5 Years 


[bookmark: _Toc144884753]PFAS in stickers can be present in one (1) of two (2) situations; Fluorocoating on front of the sticker for environmental / water resistance, or PFAS in the adhesive on back side of the sticker. Fluorocoatings on the front of stickers are relatively high concentration fluorocoatings to protect the sticker from water or other environmental conditions. PFAS in the adhesive can be from two (2) different sources. Residual fluorosilicone from the fluorosilicone release paper from which the sticker was peeled, or Low concentration fluoro surfactant used to reduce the surface tension of the adhesive allowing it to penetrate cracks and features better - improving adhesion. Fluorocoatings are more common in exterior stickers but can be on any type of sticker which requires durability including stickers on hard drives. PFAS in the adhesive can be on any type of sticker that uses release paper/liner including silicone thermal pads used for heat dissipation in electronics. Forever Chemical Risk- Due to the complexity of different sources of PFAS in stickers is unknown, work is still ongoing surrounding the risk of perfluorocarboxylates and perfluorosulfonates in PFAS on stickers.





Time requested 13.5 Years 


PFBS as a Clarity Additive; PFBS (and its salts) for the purposes of plastic clarity in flame retarded polymers under 1,000 ppm of the plastic. Flame retardant additives to transparent polycarbonate (and similar materials) tend to create a hazy or opaqueness. The addition of trace levels of PFBS (or its salts) maintains the transparency of the plastic. Transparency and flame retardancy are critical criteria for a number of applications including electronic displays or construction materials. There are currently no effective replacements for PFBS as a clarifying additive for flame retardant transparent plastics. Forever Chemical Risk- None expected. Wide spread use, low concentration use, and no suitable replacement.





Time requested 13.5 Years


PTFE Additive in Grease; PTFE as a lubricant additive under 1% concentration not in contact with drinking water as a lubricant additive under 1% concentration for professional applications. PTFE in mineral oil or silicone oil grease has superior lubrication properties compared to mineral or silicone oil alone. PTFE added grease is used in a very wide range of applications, primarily for machinery or other moving parts when lubrication for an extended time period is required.	PTFE added grease has both consumer and professional applications. Substitutes / Alternatives-No other material has the same impact as a low friction additive to mineral or silicone oil than PTFE. Forever Chemical Risk- None expected Unirradiated PTFE does not normally contain perfluorocarboxylates and is not expected to degrade into perfluorocarboxlates. Irradiated PTFE would not normally be used as an additive in grease, and would be regulated by current POP and REACH restrictions for long chain perfluorocarboxylates. No suitable replacements and very low risk to human health (no forever chemicals).





Time requested 13.5 Years


PTFE, ETFE, PFA, PVDF, and FEP as a wire insulator. Fluoropolymers are commonly used as wire insulation.  These materials have excellent electrical insulation and temperature resistance properties. These materials are very important wire insulators in high density/temperature environments such as complex electronics. With the move to chlorine free wiring, and the reduction of PVC wiring (and associated phthalate risks), PTFE (and other fluoropolymer wiring) has been the common choice. Most PTFE (and similar) wiring is internal wiring with very limited exposure to humans or drinking water. Substitutes / Alternatives ; Silicone has similar temperature resistance to PTFE (and similar) wire insulators, but requires greater thickness, and is not suitable for dense applications, contains, on average, over than 100X more forever chemicals than even PFA wire insulation, is likely to be subject to REACH Restriction due to its constituent monomers, and does not hold its shape to the same manner as PTFE (and similar) insulation. Forever Chemical Risk -None expected for PTFE, FEP, PVDF, and ETFE wire insulation. PFA wire insulation will commonly contain ~100 ppb for each perfluorocarboxylate (PFOA family) due to degradation of the C-O-C bond in the fluoro side chain. No suitable replacements, very limited human exposure, and wide usage.





Time requested 13.5 Years


PTFE in Low Friction Plastic; PTFE powder is added to another polymer (such as nylon) to reduce friction and wear of the plastic part. PTFE added to low friction plastic parts are generally in applications requiring reduced friction or wear such as a valve or other moving part. The addition of PTFE powder to standard plastics such as nylon reduces the coefficient of friction of the plastic by up to 60%. Used in a wide range of plastic components that turn against the surface of another plastic or metal.  PTFE added plastics are commonly used in fluid, gas, machinery, and electronics applications.  Fluid and gas uses are generally (but not exclusively) valves and similar components with potential for wear, plastic gears in machinery (including consumer products), and connectors (with a turn lock type function) in electronics. Substitutes / Alternatives; No other additives are as effective to safely reduce the coefficient of friction of plastics.  Restriction of PTFE additives in plastics for friction reduction would reduce the lifetime of many products, resulting in products going to waste or landfall sooner and more often. Forever Chemical Risk- None expected. Unirradiated PTFE powder has no forever chemicals. Irradiated PTFE powder is not needed and would be restricted by current PFOA and long chain perfluorocarboxylate restrictions (POP and REACH) in the EU.





Time requested 13.5 Years 


[bookmark: _Toc144884756]PTFE Tape PTFE tape is used primarily to join fluid or gas transporting components.  However, PTFE has many uses including wrapping of internal wires in a cable for environmental resistance or sealing joints. PTFE tape is not uniformly one material as it can be manufactured through a skiving process (blade peeling process) or extrusion (extruded into a PTFE rope and then calendered (rolled) into a flat tape).  These two processes produce very different materials with very different risks of forever chemicals. Forever chemicals Risk-Extruded PTFE tape commonly contains the entire range of perfluorocarboxylate (PFOA) family lengths (from at ~ 100 ppb. This is likely from irradiation of the original PTFE powder to improve ‘rubberiness’ to aid in extrusion and calendering. PTFE tape can be both extruded or skived without forever chemicals, but the majority of extruded PTFE tape currently contains perfluorocarboxylates.





Time requested 13.5 Years 


[bookmark: _Toc144897333][bookmark: _Toc144897335][bookmark: _Toc144884724]PTFE used as an additive drip agent in plastics to meet flammability safety requirements Polytetrafluoroethylene (PTFE) PTFE is the most common fluoropolymer with a wide range of applications. There is a flame retardant additive to prevent ‘dripping’ of hot plastic during burning. Many plastics, such as ABS and PC, often drip during burning.  To meet high flame retardancy ratings, such as UV94 V-O, plastics must not drip when exposed to a flame.  PTFE (added up to ~1% concentration) when it burns, forms a ‘webbing’ preventing the main plastic from burning. More common in plastic housings of electronics requiring high flame retardancy. There are currently no effective replacements for PTFE as an anti-drip additive.  Virtually all electronics use PTFE anti-drip agents in one or more parts.  Restriction of PTFE anti-drip agents would create a significant safety risk for electronics and require the redesign and re-qualification of safety of virtually every electronic product.  Forever Chemicals Risk Does the use contain measurable perfluorocarboxylates (PFOA family) or perfluorosulfonates (PFOS family) in the finished article. None expected.  Unirradiated and unexpanded PTFE does not contain any PFOA or PFOS family of chemicals.  PTFE does not degrade into forever chemicals such as PFOA or PFOS.  PTFE does not have the ether bond (C-O-C) that leads to degradation into PFOA related chemicals that can occur in other fluoropolymers (such as fluoroacrylate coatings or PFA polymers). Wide spread use, no suitable replacement, no forever chemicals, and substitution creates a significant safety risk.





[bookmark: _Toc144884739][bookmark: _Toc144884769][bookmark: _Toc144884754]Time requested 13.5 Years 


[bookmark: _Toc144884741][bookmark: _Toc144883899]PTFE Wire; This listing is for the specific use of PTFE for wiring insulation. Common in low friction applications, or in high temperature applications unsuitable for other materials. Transformer wires are very common uses of PTFE wire. PTFE and fluorosilicone lubricants for internal wires, Fluoro lubricants for internal wires. Hookwires inside cables are commonly lubricated with either a fluorosilicone or PTFE lubricant. Lubrication of the internal wires reduces friction and wear of the cable, improving the flexibility and lifetime of the cable.  PCB and it’s entities have found the need for lubricants in high temperature environments and they are not replaceable lubricants. Forever Chemical Risk-None expected.  The trace amount of fluoro lubricant on a wire ~ 100 ppm and no forever chemicals would be measurably present in the wire.





Time requested 13.5 Years 


Fluoroelastomers for Seals; Fluoroelastomers (including perfluoroelastomers), fluorosilicone, and amorphous fluoro resins as a sealing material in situations requiring chemical resistance, oil resistance, oxidation resistance, decompression resistance, or high temperature (over 150C). Fluoroelastomers (including perfluoroelastomers), fluorosilicone, and amorphous fluoro resin used as a sealing material. Fluoroelastomers (and similar materials) are important for chemical resistant sealing materials in environments requiring acid resistance, alkali resistance, water resistance, oil resistance, and/or high temperature performance. Without sealing materials that can function in these harsh environments, there is a strong risk for equipment or product failure. Fluoroelastomer seals are used in a very wide range of applications including oil, gas, electronics, medical devices, laboratory equipment, and any other application that requires a rubber seal with strong temperature resistance. Substitutes / Alternatives- No other rubbers have equivalent hydrophobic and oleophobic properties, and chemical safety over a range of temperatures as fluoroelastomers. PTFE has similar environmental properties, but is a plastic and is not suitable for applications requiring the conformity of a ‘rubber’ seal.  Fluoroelastomers also have a higher coefficient of friction than PTFE and create a superior ‘seal’ in most applications. Forever Chemical Risk - Any approval of fluoroelastomers or perfluoroelastomers will need approval of 6:2 FTS fluorotelomer sulfonates (and substances that degrade into 6:2 FTS), and approval of a low concentration of short chain perfluorocarboxylates that degrade from 6:2 FTS .  Additionally, approval will be required for low concentrations of residual bisphenol AF crosslinking additives. No suitable replacements, specialized uses, and replacement creates a safety risk.





[bookmark: _Toc144903439]Claigan Environmental, an independent third party expert with respect to environmental regulatory matters and chemicals, when considering the PCB Companies’ products and their composition, and the fact that most of our products are encapsulated, concluded that the risk of creating PFAS in drinking water for humans is very low.  





Claigan Environmental’s report (submitted as a separate comment by Claigan Environmental to this public consultation) lists the following general risks associated with PFAS:	


	


Very High risk


Fluoroalkyl phosphates


Examples - cosmetics


High risk


Fluoroalkyl acrylates (external)


Examples - fluoroacrylates in clothing


Low risk


Fluoroalkyl acrylates (internal)


Examples - fluoroacrylates internal to electronics


PFA, fluoroelastomers, perfluoroelastomers, irradiated PTFE, ePTFE, 


Examples - electronics wiring, professional seals, water membranes, and other applications of the materials above.


No risk


PTFE (standard - unirradiated)


Examples - cookware, PTFE seals


PVDF, ETFE, FEP


Examples - fluid transport components





PFAS are used in PCB Companies’ products because of their unique properties. Examples of these unique properties that make PFAS particularly useful in PCB Companies’ products include the following:


 


-Chemical stability: PFAS are resistant to chemical reactions and degradations which allow them to have increased stability over time 





-Thermal Stability: PFAS-containing products can withstand high temperatures without degrading 





-Low Surface Tension: PFAS are repellant to liquids and help create nonstick surfaces


-High Thermal and Electrical Insulation: PFAS are useful in electrical components and thermal insulation applications





-Dielectric strength: PFAS offer higher dielectric strength and better insulation properties for high voltage and high-speed applications





The PCB Companies are committed to continuously improving the environmental performance and safety of all products placed on the market. We are committed to replacing PFAS in products and processes where feasible and in a responsible manner. Due to the widespread and varied nature of PFAS used in electronics in performance materials, broad generalizations on alternatives are not reasonable or valuable to eliminating these substances in products. Replacement of these substances must be undertaken on a case-by-case basis as they are selected for their specific properties that ensure product reliability, safety, and efficiency. For most uses of PFAS in PCB Companies products, there are no drop-in solutions which provide the same properties as PFAS-containing materials. Because of this, more research must be conducted on alternatives based on use case and industry must have more time to investigate alternatives. The use of PFAS in electronics materials is currently necessary for the key functionalities and properties it provides.  





The PCB Companies respectfully request a derogation for the above PFAS products.  We have identified many uses of PFAS in multiple electronic materials, intermediate products, our assemblies, and our final products that need a 12-year derogation (in addition to the 18-month transition period). Differentiating specific uses and exploring non-PFAS options is our ongoing plan.  As noted above, many individual parts go into our thousands of products, and PFAS currently is an unavoidable substance to making our products function properly.  We request a workable transition time to mitigate unintended consequences and continue to aim for the EU’s sustainable goals.









Exhibit A





This derogation request is submitted on behalf of PCB Piezotronics, Inc., Depew, NY, a New York (USA) corporation together with its direct and indirect subsidiaries, including the following entities:  





PCB Piezotronics of North Carolina, Inc., Halifax, NC, a Delaware (USA) corporation





Accumetrics, Inc., Schenectady, NY, a New York (USA) corporation





The Modal Shop, Inc., Cincinnati, OH, an Ohio (USA) corporation





PCB Piezotronics GmbH, Huckelhoven, Germany, a German company with limited liability





PCB Piezotronics Srl, Treviolo/BG, Italy, an Italian limited liability company





PCB Piezotronics Sensor Technology (Beijing) Co., Ltd, Beijing and Shanghai, China, a limited liability company formed under the laws of the Peoples Republic of China





PCB Piezotronics S.A., Saint Aubin, France, a limited company formed under the laws of France





PCB Piezotronics Limited, Hertfordshire, UK, a UK limited liability company





PCB Piezotronics B.V., Zaventem, Belgium, a Belgian private limited company





Dalimar Instruments ULC, Quebec, Canada, a Canadian unlimited liability company
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pcb.com  |  +1 716 684 0001  |  PCB Piezotronics, Inc., 
3425 Walden Ave, Depew, NY 14043 USA





endevco.com  |  +1 716 684 0001  |  PCB Piezotronics of North Carolina, Inc., 
10869 NC-903, Halifax, NC 27839 USA





AS9100:2016 QMS Certified by DQS, Inc.    |    ISO 9001:2015 QMS Certified by DQS, Inc.    |    ISO 17025 Accredited
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1. [bookmark: _Toc146197232]Summary


This report is submission #1 of 5 by Claigan Environmental Inc. (Claigan) on behalf of the EU PFAS Restriction Submission Project (“PFAS Submission Project”).  The PFAS submission project is made up of dozens of companies from a wide range of industries (consumer, professional, industrial, medical, oil and gas, laboratory equipment, textiles, electronic components, and retail sales).  


The PFAS Submission Project is focused primarily on the needs of complex products (articles).  Claigan is both a restricted materials consultancy and a high volume restricted materials testing laboratory.  Each of the PFAS Submission Project submissions are based on contributions from all major sectors of industry and 2023 PFAS testing data of complex products.


This report (#1) is a detailed review of standard PFAS situations detected by Claigan using Wavelength Dispersive X-Ray Fluorescence (WD-XRF) in 2023.  The reported percentages are approximate and based on general testing data in 2023.  This data is based on a high level review of approximately two hundred (200) complex articles averaging between 20 and 1,000 components each.


Note 1 - WD-XRF is a very effective method for measuring fluorine concentration including fluorocoatings on the surfaces of other materials.


Claigan conducted a detailed comparison of WD-XRF to Combustion Ion Chromatography (C-IC) in 2023.  WD-XRF was very effective at measuring fluorine concentration down to 50 ppm.  C-IC was unable to detect surface coatings below 10,000 ppm (surface fluorine concentration).  Based on those results, and a summary of 2023 WD-XRF testing data, C-IC would not be able to detect 30% of PFAS situations in complex products (articles).


Full data is available upon request including a controlled experiment of standard aerosol mold release fluoro spray being applied in various thicknesses to coffee cups.  C-IC was not able to detect the spray until the concentration rose above 10,000 ppm F.


Note 2 - Examples provided in this report are representative and not of any specific tested product.


September 21 2023





2. [bookmark: _Toc146197233]Locations of PFAS in Complex Articles [image: ]





3. [bookmark: _Toc146197234]Definitions


3.1. [bookmark: _Toc146197235]Description


3.1.1. A general description of each detected (by testing and engineering evaluation) use


3.2. [bookmark: _Toc146197236]Forever chemical risk


3.2.1. Does the use contain measurable perfluorocarboxylates (PFOA family) or perfluorosulfonates (PFOS family) in the finished article.


3.2.1.1. Never - Not expected to contain perfluorocarboxylates (PFOA family) or perfluorosulfonates (PFOS family).


3.2.1.2. Rarely - Rarely contains perfluorocarboxylates (PFOA family) or perfluorosulfonates (PFOS family).  Not the standard case.


3.2.1.3. Commonly - Normally contains perfluorocarboxylates (PFOA family) or perfluorosulfonates (PFOS family).


3.2.1.4. Note - additional details to be provided in the case that presence is possible.








4. [bookmark: _Toc146197237]Anti-Drip (22% of measured occurrences)


4.1. [bookmark: _Toc146197238]Description


4.1.1. Flame retardant additive to prevent ‘dripping’ of hot plastic during burning.


4.1.2. Many plastics, such as ABS and PC, often drip during burning.  To meet high flame retardancy ratings, such as UV94 V-0, plastics must not drip when exposed to a flame.  PTFE (added up to ~1% concentration) when it burns, forms a ‘webbing’ preventing the main plastic from burning.


4.1.3. More common in plastic housings of electronics requiring high flame retardancy.


4.1.4. Note - a small percentage of these parts may be PTFE added to plastic for reduced friction / wear and belong in the PTFE in low friction plastics category.  The specific use in some situations is not clear under standard testing or the material could enable both applications.


4.2. [bookmark: _Toc146197239]Forever chemicals


4.2.1. Never





5. [bookmark: _Toc146197240]Mold Release (15% of measured occurrences)


5.1. [bookmark: _Toc146197241]Description


5.1.1. Aerosol fluoro coating spray (often fluorosilicone but can be dry PTFE spray) applied to molds and other industrial equipment to aid with the release of the rubber or plastic part from the mold.


5.1.2. Very common for o-rings, gaskets, and foam.


5.2. [bookmark: _Toc146197242]Forever chemicals


5.2.1. Never





6. [bookmark: _Toc146197243]Wire lubricant spray (7% of measured occurrences)


6.1. [bookmark: _Toc146197244]Description


6.1.1. Aerosol fluoro coating spray (often fluorosilicone) applied to internal wiring or their assembly equipment.  The spray reduces the friction of PVC or XLPE wires improving cable flexibility and durability.


6.1.2. Very common for hookup wires in flexible cables.


6.2. [bookmark: _Toc146197245]Forever chemicals


6.2.1. Never








7. [bookmark: _Toc146197246]Lubricant Spray (3% of measured occurrences)


7.1. [bookmark: _Toc146197247]Description


7.1.1. This listing is for aerosol lubricant spray except for on wires.  


7.1.1.1. The use of lubricant spray on wires is very common and listed separately.


7.1.1.2. The actual spray for mold release, wire lubrication, and general part lubrication are usually the same source aerosol (normally fluorosilicone).


7.1.2. Fluoro lubricant spray is used on a variety of parts with mechanical wear (metal and plastic).


7.2. [bookmark: _Toc146197248]Forever chemicals


7.2.1. Never








8. [bookmark: _Toc146197249]PTFE Parts (5% of measured occurrences)


8.1. [bookmark: _Toc146197250]Description


8.1.1. This listing is a general listing for PTFE used in a solid part (non coating) in a product (excluding wires and tape).  


8.1.2. PTFE parts are very common in applications requiring low friction or high temperature performance.


8.2. [bookmark: _Toc146197251]Forever chemicals


8.2.1. Never





9. [bookmark: _Toc146197252]PTFE Wire (11% of measured occurrences)


9.1. [bookmark: _Toc146197253]Description


9.1.1. This listing is for the specific use of PTFE for wiring insulation.


9.1.2. Common in low friction applications, or in high temperature applications unsuitable for other materials.


9.1.3. Transformer wires are very common uses of PTFE wire.


9.2. [bookmark: _Toc146197254]Forever chemicals


9.2.1. Never


9.2.2. Note - ‘PTFE’ wires that measure perfluorocarboxylates (PFOA) family during testing are normally found to be PFA insulated (not PTFE) wires upon detailed investigation. 





10. [bookmark: _Toc146197255]Fluoroelastomers (5% of measured occurrences)


10.1. [bookmark: _Toc146197256]Description


10.1.1. This listing is for a wide range fluoroelastomers (FKM) and perfluoroelastomers (FFKM) - and also include fluorosilicone rubber.


10.1.2. A very common fluoroelastomer for high temperature or high acidity environments.   FKM is also used in consumer applications with high human contact (sweat and oil exposure) because of the poor oil and stain resistance of silicone.


10.2. [bookmark: _Toc146197257]Forever chemicals


10.2.1. Commonly


10.2.1.1. Commonly has 6:2 FTS > 1 ppm


10.2.1.2. Rarely has short chain perfluorocarboxylates (PFHpA and smaller) ~ 100 ppb





11. [bookmark: _Toc146197258]Fluoro-coated Silicone (3% of measured occurrences)


11.1. [bookmark: _Toc146197259]Description


11.1.1. This listing is for fluorocoatings over silicone rubber.


11.1.2. Fluorocoatings over silicone rubber are very common in applications where silicone would come into contact with oil or require reduced friction.  The fluorocoating provides the silicone with surface properties of fluoropolymers.


11.2. [bookmark: _Toc146197260]Forever chemicals


11.2.1. Never








12. [bookmark: _Toc146197261]Fluoro-coated Rubber (4% of measured occurrences)


12.1. [bookmark: _Toc146197262]Description


12.1.1. This listing is for fluorocoating over nitrile (or similar) rubber.  This listing excludes fluorocoated silicone.


12.1.2. Fluorocoatings over nitrile rubber are common in applications where nitrile rubber would come into contact with acids or requires low friction.  The fluorocoating provides the nitrile rubber with surface properties of fluoropolymers but not the full advantages and wear resistance of fluoroelastomers.


12.1.3. Fluorocoated nitrile is common in the medical and pharmaceutical industry.


12.2. [bookmark: _Toc146197263]Forever chemicals


12.2.1. Never








13. [bookmark: _Toc146197264]Stickers (6% of measured occurrences)


13.1. [bookmark: _Toc146197265]Description


13.1.1. PFAS in stickers can be present in one (1) of two (2) situations


13.1.1.1. Fluorocoating on front of the sticker for environmental / water resistance, or


13.1.1.2. PFAS in the adhesive on back side of the sticker


13.1.2. Fluorocoatings on the front of stickers are relatively high concentration fluorocoatings to protect the sticker from water or other environmental conditions


13.1.3. PFAS in the adhesive can be from two (2) different sources


13.1.3.1. Residual fluorosilicone from the fluorosilicone release paper from which the sticker was peeled, or


13.1.3.2. Low concentration fluoro surfactant used to reduce the surface tension of the adhesive allowing it to penetrate cracks and features better - improving adhesion


13.1.4. Fluorocoatings are more common in exterior stickers but can be on any type of sticker which requires durability including stickers on hard drives.


13.1.5. PFAS in the adhesive can be on any type of sticker that uses release paper/liner including silicone thermal pads used for heat dissipation in electronics.


13.2. [bookmark: _Toc146197266]Forever chemicals


13.2.1. Due to the complexity of different sources of PFAS in stickers, work is still ongoing surrounding the risk of perfluorocarboxylates and perfluorosulfonates in PFAS on stickers.





14. [bookmark: _Toc146197267]PTFE Tape (2% of measured occurrences)


14.1. [bookmark: _Toc146197268]Description


14.1.1. PTFE tape is used primarily to join fluid or gas transporting components.  However, PTFE has many uses including wrapping of internal wires in a cable for environmental resistance or sealing joints.


14.1.2. PTFE tape is not uniformly one material as it can be manufactured through a skiving process (blade peeling process) or extrusion (extruded into a PTFE rope and then calendered (rolled) into a flat tape).  These two processes produce very different materials with very different risks of forever chemicals.


14.2. [bookmark: _Toc146197269]Forever chemicals


14.2.1. Extruded PTFE tape commonly contains the entire range of perfluorocarboxylate (PFOA) family lengths (from C4 to C14) at ~ 100 ppb.  This is likely from irradiation of the original PTFE powder to improve ‘rubberiness’ to aid in extrusion and calendering.


14.2.2. PTFE tape can be both extruded or skived without forever chemicals, but the majority of extruded PTFE tape contains perfluorocarboxylates.








15. [bookmark: _Toc146197270]Fabric (3% of measured occurrences)


15.1. [bookmark: _Toc146197271]Description


15.1.1. Fluoroacrylate coating of fabric for water and oil/stain resistance.


15.1.2. Fluoroacrylates are the most common outdoor fabric waterproof coating, but the most commonly fluoroacrylic coated fabrics are the washing instructions or country of origin fabric tags in most garments.


15.2. [bookmark: _Toc146197272]Forever chemicals


15.2.1. Commonly has a full range of perfluorocarboxylates (PFOA family) from C4-C14 at > 100 ppb per substance.











16. [bookmark: _Toc146197273]PFA Wire (4% of measured occurrences)


16.1. [bookmark: _Toc146197274]Description


16.1.1. Perfluoroalkoxy alkane (PFA) insulated hookup wire.  


16.1.2. PFA hook up wire is one of the most common PFAS insulations as it has superior temperature resistance compared to other wire insulations and significant flexibility advantages over PTFE.


16.1.3. PFA wire is very common in dense electronics and in invasive or implantable medical devices. 


16.2. [bookmark: _Toc146197275]Forever chemicals


16.2.1. Commonly has a full range of perfluorocarboxylates (PFOA family) from C4-C14 at  ~100 ppb per substance.





17. [bookmark: _Toc146197276]Anti-reflective coating (1% of measured occurrences)


17.1. [bookmark: _Toc146197277]Description


17.1.1. Anti-reflective and/or anti-smudge coating on optical surfaces such as displays or eyewear.


17.2. [bookmark: _Toc146197278]Forever chemicals


17.2.1. Work is ongoing to determine the risk of forever chemicals.





18. [bookmark: _Toc146197279]PFA Part (1% of measured occurrences)


18.1. [bookmark: _Toc146197280]Description


18.1.1. This listing is a general listing for PFA used in a solid part (non coating) in a product (excluding wires).  


18.1.2. PFA parts are very common in applications requiring low friction or high temperature performance - in particular in situations requiring superior chemical resistance.


18.2. [bookmark: _Toc146197281]Forever chemicals


18.2.1. Commonly has a full range of perfluorocarboxylates (PFOA family) from C4-C14 at  ~100 ppb per substance.








19. [bookmark: _Toc146197282]PTFE in Low Friction Plastic (1% of measured occurrences)


19.1. [bookmark: _Toc146197283]Description


19.1.1. PTFE powder is added to another polymer (such as nylon) to reduce friction and wear of the plastic part.


19.1.2. PTFE added to low friction plastic parts are generally in applications requiring reduced friction or wear such as a valve or other moving part.


19.2. [bookmark: _Toc146197284]Forever chemicals


19.2.1. Never








20. [bookmark: _Toc146197285]Other PFAS occurrences 


20.1. [bookmark: _Toc146197286]Description


20.1.1. Other PFAS in articles has been identified during testing but either cannot be tested for safety reasons (example - lithium batteries) or did not produce statistically significant numbers of occurrences (example - fluoro coatings of food contact materials)


20.1.2. Examples


20.1.2.1. Fluorobinder (usually PVDF) inside lithium batteries or super / ultra capacitors


20.1.2.2. Fluoroacrylate coating of food contacting paper or paperboard.


20.1.2.3. ePTFE in membrane filters


20.2. [bookmark: _Toc146197287]Forever chemicals


20.2.1. PVDF binders would not normally be expected to contact forever chemicals.


20.2.2. Fluoroacrylate food coatings commonly contain perfluorocarboxylates.


20.2.3. ePTFE membrane filters commonly contain perfluorocarboxylates.
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1. [bookmark: _Toc146197341]Summary


This report is submission #2 of 5 by Claigan Environmental Inc. (Claigan) on behalf of the EU PFAS Restriction Submission Project (“PFAS Submission Project”).  The PFAS submission project is made up of dozens of companies from a wide range of industries (consumer, professional, industrial, medical, oil and gas, laboratory equipment, textiles, electronic components, and retail sales).  


The PFAS Submission Project is focused primarily on the needs of complex products (articles).  Claigan is both a restricted materials consultancy and high volume restricted materials testing laboratory.  Each of the PFAS Submission Project submissions is based on contributions from all major sectors of industry and 2023 PFAS testing data of complex products.


This report (#2) is a description of measured forever chemicals in articles based on testing data from 2022 to 2023 (with the exception of fluoroalkylphosphates).  Fluoroalkylphosphates were no longer used in products in 2022 and 2023, and reference data from published papers were used instead.   Claigan purchased (online) a range of cosmetics in 2022 that listed C9-C15 fluoroalkylphosphate on their ingredients list online, however that ingredient was no longer present when the product arrived.  Claigan conducted another survey of cosmetics ingredients in 2023, but was unable to find any that still used fluoroalklylphosphates.


The data presented in this report is generalized from over 200 complex products averaging 20 to 1,000 components per product.


The primary source of perfluorocarboxylates (PFOA family) in products is related to either the cleavage of the weak (low energy of bond dissociation) C-O-C bond in some fluoropolymers or from perfluorocarboxylates created during irradiation of fluoropolymer powders.


The primary source of perfluorosulfonates (PFOS) family in products was related to the degradation of the C6 complex fluorosurfactant used to manufacture fluoroelastomers, perfluoroelastomers, and similar fluoro rubbers.


Important note - contrary to common belief, no perfluorocarboxylates in unirradiated PTFE were detected in products tested in 2022 and 2023 (detection limit of 25 ppb).  There is currently no reason to believe that perfluorocarboxylates are present in unirradiated and unexpanded PTFE in modern products.  
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2. [bookmark: _Toc146197342]Comparison Chart


			Comparison


			PTFE


			Irradiated PTFE


			ePTFE


			PFA


			Fluoro
elastomers


			Fluoro
acrylates


			Fluoro
Silicone


			Fluoro
phosphates





			Short Chain Perfluorocarboxylates (C4-C7)


			Never


			Commonly


			Commonly


			Commonly


			Rarely


			Commonly


			Never


			Commonly





			Long Chain Perfluorocarboxylates (C8-C14)


			Never


			Commonly


			Commonly


			Commonly


			Never


			Commonly


			Never


			Commonly





			Short Chain Fluorotelomers (C4-C7)


			Never


			Never


			Never


			Never


			Never


			Commonly


			Never


			Commonly





			Long Chain Fluorotelomers (C8-C14)


			Never


			Never


			Never


			Never


			Never


			Commonly


			Never


			Commonly





			Short Chain Fluoroacrylates (C4-C7)


			Never


			Never


			Never


			Never


			Never


			Commonly


			Never


			Never





			Long Chain Fluoroacrylates (C8-C14)


			Never


			Never


			Never


			Never


			Never


			Commonly


			Never


			Never





			Short Chain Fluorosulfonates (C4-C7)


			Never


			Never


			Never


			Never


			Never


			Never


			Never


			Never





			Long Chain Fluorosulfonates (C8-C14)


			Never


			Never


			Never


			Never


			Never


			Never


			Never


			Never





			Short Chain Fluorotelomer sulfonates


			Never


			Never


			Never


			Never


			Commonly


			Never


			Never


			Never





			Long Chain Fluorotelomers sulfonates


			Never


			Never


			Never


			Never


			Never


			Never


			Never


			Never











3. [bookmark: _Toc146197343]Definitions


3.1. [bookmark: _Toc146197344]Description


3.1.1. A general description of each detected (by testing and engineering evaluation) use


3.1.2. Exception - fluorophosphates (C9 to C15 fluoroalkyl phosphates) were no longer available in cosmetics for testing in 2022 and 2023.


3.1.2.1. Fluorophosphate details are from “Risk assessment of fluorinated substances in cosmetic products. Survey of chemical substances in consumer products No. 169 (DEPA - October 2028)”:


3.2. [bookmark: _Toc146197345]Forever chemical risk


3.2.1. Does the material contain measurable perfluorocarboxylates (PFOA family) or perfluorosulfonates (PFOS family) in the finished article?


3.2.1.1. Never - Not expected to contain perfluorocarboxylates (PFOA family) or perfluorosulfonates (PFOS family).


3.2.1.2. Rarely - Rarely contains perfluorocarboxylates (PFOA family) or perfluorosulfonates (PFOS family).  Not the standard case.


3.2.1.3. Commonly - Normally (the majority) contains perfluorocarboxylates (PFOA family) or perfluorosulfonates (PFOS family).


3.2.1.4. Note - additional details to be provided in the case that presence is possible.









4. [bookmark: _Toc146197346]Related documents


4.1. [bookmark: _Toc146197347]Claigan PFAS Submission #1 - PFAS in Articles


4.1.1. Comprehensive 2023 test data regarding locations and uses of PFAS in articles.


4.2. [bookmark: _Toc146197348]Claigan PFAS Submission #3 - PFAS in Drinking Water


4.2.1. Evaluation of recent news articles and related science papers on PFAS in drinking water and in human blood.


4.3. [bookmark: _Toc146197349]Claigan PFAS Submission #4 - PFAS Substitutes and Alternatives


1.1.1. A review of pros and cons of fluoropolymers and their potential substitutes.


4.4. [bookmark: _Toc146197350]Claigan PFAS Submission #5 - PFAS Derogations and Justifications


1.1.2. Requested derogations and related justifications for necessary uses of PFAS.









5. [bookmark: _Toc146197351]Polytetrafluoroethylene (PTFE)


CAS # - 9002-84-0


5.1. [bookmark: _Toc146197352]Summary


5.1.1. PTFE is the most common fluoropolymer with a wide range of applications.  This listing is for the unirradiated and unexpanded PTFE polymer.  Irradiated PTFE and ePTFE have separate summaries in this document even though they share the same CAS number.  The additional processing of irradiation or expansion changes the chemical characteristics of PTFE sufficiently so that separate listings were necessary.


5.2. [bookmark: _Toc146197353]Forever Chemicals (initial)


5.2.1. None expected.  Unirradiated and unexpanded PTFE does not contain any PFOA or PFOS family of chemicals.  PFOA related substances may have been used decades ago for the manufacture of PTFE, but testing of hundreds of PTFE parts by Claigan has not shown any PFOA or PFOS related chemicals in unirradiated and unexpanded PTFE.


5.3. [bookmark: _Toc146197354]Forever Chemicals (over time)


5.3.1. None expected.  PTFE does not degrade into forever chemicals such as PFOA or PFOS.  PTFE does not have the ether bond (C-O-C) that leads to degradation into PFOA related chemicals that can occur in other fluoropolymers (such as fluoroacrylate coatings or PFA polymers).





6. [bookmark: _Toc146197355]Irradiated Polytetrafluoroethylene (PTFE)


CAS # - 9002-84-0 (Irradiated - Same as PTFE)


6.1. [bookmark: _Toc146197356]Summary


6.1.1. PTFE in its normal state is fairly rigid.  For use in situations requiring flexibility, PTFE is often irradiated with either gamma or e-beam radiation.  The radiation fractures the long polymer chains.  Most of the chains reconnect randomly with other fractured chains (called crosslinking) to create a rubberized form of PTFE.


6.1.2. However, some chain fractures react with oxygen and form different lengths of perfluorocarboxylates (PFOA family).


6.1.3. Applications for irradiated PTFE include heat shrinkable tubing and plumber’s (pool) tape. PTFE tape in medical devices is commonly made from irradiated PTFE.


6.2. [bookmark: _Toc146197357]Forever Chemicals (initial)


6.2.1. Commonly present.  Irradiated PTFE usually contains 100s of ppb of each of the perfluorocarboxylate (PFOA family).  The perfluorocarboxylates are randomly formed from chains fractured from the original long PTFE polymer chains with gamma (or e-beam) radiation that react with air instead of crosslinking with other chain fractures.


6.3. [bookmark: _Toc146197358]Forever Chemicals (over time)


6.3.1. None expected. Irradiated PTFE does not further degrade into further forever chemicals such as PFOA or PFOS.  Irradiated PTFE does not have the ether bond (C-O-C) that leads to degradation into PFOA related chemicals that can occur in other fluoropolymers (such as fluoroacrylate coatings or PFA polymers).  Irradiated PTFE has no natural degradation path into the PFOA family unless it is further irradiated.





7. [bookmark: _Toc146197359]Expanded Polytetrafluoroethylene (ePTFE)


CAS # - 9002-84-0 (Same as PTFE)


7.1. [bookmark: _Toc146197360]Summary


7.1.1. ePTFE, or expanded polytetrafluoroethylene, is a woven version of PTFE which is soft, flexible, microporous, air permeable, and fluid impermeable. ePTFE is made from the same polymer as PTFE but expanded to create a porous structure. 


7.1.2. Either part of the expansion process creates similar polymer bond fracturing as irradiation or the powder size is reduced by irradiation before expansion - creating a low concentration of perfluorocarboxylates (PFOA family) normally in ePTFE (which is not normally found in unirradiated, and unexpanded PTFE).


7.1.3. Applications for ePTFE are generally applications requiring the passage of air or gas, but the blocking of water or other chemicals.  


7.2. [bookmark: _Toc146197361]Forever Chemicals (initial)


7.2.1. Commonly present.  ePTFE usually contains 100s of ppb of each of the perfluorocarboxylate (PFOA family).  The perfluorocarboxylates are randomly formed from chains fractured from the original long PTFE polymer chains from either the expanding process or from gamma (or e-beam) radiation used to rubberize the micropowder feedstock of the ePTFE.


7.3. [bookmark: _Toc146197362]Forever Chemicals (over time)


7.3.1. None expected.  ePTFE does not further degrade into further forever chemicals such as PFOA or PFOS.  ePTFE does not have the ether bond (C-O-C) that leads to degradation into PFOA related chemicals that can occur in other fluoropolymers (such as fluoroacrylate coatings or PFA polymers).  ePTFE has no natural degradation path into the PFOA family unless it is further irradiated.





8. [bookmark: _Toc146197363]Perfluoroalkoxy alkane (PFA)


CAS # - 26655-00-5


8.1. [bookmark: _Toc146197364]Summary


8.1.1. Perfluoroalkoxy alkanes (PFA) are fluoropolymers. They are copolymers of tetrafluoroethylene (C2F4) and perfluoroethers (C2F3ORf, where Rf is a perfluorinated group such as trifluoromethyl (CF3) or longer). The properties of these polymers are similar to those of polytetrafluoroethylene (PTFE). Compared to PTFE, PFA has better flexibility, equivalent low friction, and higher chemical resistance.


8.1.2. PFA is commonly used in applications where superior flexibility is needed compared to PTFE such as internal wiring in dense electronics or in medical devices.


8.2. [bookmark: _Toc146197365]Forever Chemicals (initial)


8.2.1. Commonly present.  The ether bond in PFA commonly breaks during manufacturing (due to the low energy of bond dissociation of the ether bond), releasing random lengths of PFAS chains that become the range of C2 to C14 perfluorocarboxylates (ie. the PFOA family).  PFA normally (but not always) has 100 to 300 ppb of each length of the PFOA family.


8.2.2. Example PFA polymer. Note the side chain can be various lengths.[image: ]


8.2.3. Note - the majority of PFA in products contains a full range of short and long chain perfluorocarboxylates, however, this is not true in all cases.  PFA can be made and is widely available without perfluorocarbyxylates.  


8.2.3.1. Due to the widespread use of PFA with perfluorocarboxylates and no simple way (without testing) to distinguish between perfluorocarboxylate containing and non-containing PFA - it will take time and effort to identify and replace perfluorocarboxylate containing PFA.





8.3. [bookmark: _Toc146197366]Forever Chemicals (over time)


8.3.1. Commonly degrades.  PFA does degrade further overtime into additional lengths of perfluorocarboxylates (PFOA family) due to the cleavage of the remaining ether (C-O-C) bonds.


8.3.2. Note - this is only true of PFA that contains perfluorocarboxylates initially.  PFA without initial perfluorocarboxylates will not have a chemical structure that degrades into perfluorocarboxylates.





9. [bookmark: _Toc146197367]Polyfluoroacrylates


CAS # - Multiple (Example - 25087-17-6)


9.1. [bookmark: _Toc146197368]Summary


9.1.1. Polyfluoroacrylates are a group of polymers primarily formed from an acrylic (non-fluorinated) polymer backbone with side chain fluorotelomers connected by an ester bridge.


9.1.2. Example - 


9.1.3. [image: ]


9.1.4. Polyfluoroacrylates are used as coatings, primarily on fabric, to provide water repellency.  The ester bridge has a similar weak (low bond dissociation energy) C-O-C bond as polyfluoroxy alkane (PFA) polymer resulting in fracturing of the fluorinated side chain from the main polymer creating moderate concentrations of perfluorocarboxylates (PFOA family).  


9.1.5. A common usage of polyfluoroacrylates, outside of outerwear, is on the washing instructions or country of origin fabric tags in most clothing to maintain the quality of the written instructions over time. 


9.2. [bookmark: _Toc146197369]Forever Chemicals (initial)


9.2.1. Commonly contains.  Polyfluoroacrylates usually contain up to 1 ppm of each of the perfluorocarboxylate (PFOA family).  The perfluorocarboxylates are randomly formed from side chains fracturing during manufacturing and application.


9.3. [bookmark: _Toc146197370]Forever Chemicals (over time)


9.3.1. Commonly degrades.  Polyfluoroacrylates do further degrade into forever chemicals such as PFOA or PFOS as more of the side chain fluorochains fracture at the C-O-C bond.  The material would also be expected to lose some of its water and oil repellency over time as side chain fluorochains fracture from the acrylic polymer backbone.








10. [bookmark: _Toc146197371]Fluoroelastomers (FKM)


CAS # - multiple (example - ​​9011-17-0)


10.1. [bookmark: _Toc146197372]Summary


10.1.1. A fluoroelastomer is a fluorocarbon-based synthetic rubber.  Fluorine Kautschuk Material (FKM) fluoroelastomer all contain a fluorovinyldiene monomer as a base material and do not contain the side chains ether (C-O-C) fluoro chain of perfluoroelastomers (FFKM).


10.1.2. FKM can have variations in chemical structure.  This listing is to include all non-silicone, non-side chain fluoro vinyldiene based fluoro rubbers including phosphorus and nitrogen based fluoroelastomers (PNF).


10.2. [bookmark: _Toc146197373]Forever Chemicals (initial)


10.2.1. Commonly contains.  FKM is normally manufactured with an emulsion process that involves a C6 fluorosulfonate surfactant such as the Capstone family by Chemours. These complex surfactants degrade into 6:2 fluorotelomer sulfonate (6:2 FTS) up to 100 ppm in the FKM, and to small concentrations (<100 ppb) of C4-C7 short chain fluorocarboxylates (PFHpA and smaller).  


10.2.2. Technically, these are not currently classified as PBT or vPvB in the EU, but are very similar to substances that meet that classification and would be regulated under the proposed EU PFAS restrictions.


10.2.3. The C6 fluorosurfactants used in FKM manufacturing could likely be phased out, but it would take time and validation.


10.3. [bookmark: _Toc146197374]Forever Chemicals (over time)


10.3.1. Does not degrade.  FKM does not degrade significantly further into forever chemicals.  Further amounts of the 6:2 FTS fluorotelomer sulfonate would be expected to further degrade into shorter chain perfluorocarboxylates but that would only change the concentrations of the fluoro salts in the FKM materials.





11. [bookmark: _Toc146197375]Perfluoroelastomers (FFKM)


CAS # - multiple (example - ​​26425-79-6)


11.1. [bookmark: _Toc146197376]Summary


11.1.1. Perfluoroelastomeric compounds contain a higher amount of fluorine than FKM fluoroelastomers.  FFKM perfluoroelastomers all contain fluorovinyldiene monomer as a base material but, unlike FKM, do contain a side chain ether (C-O-C) connected to an additional fluorochain.  Perfluoroelastomers generally exhibit higher compression set values and are the most expensive of all elastomers.


11.1.2. FFKM can have variations in chemical structure similar to variations in FKM.


11.2. [bookmark: _Toc146197377]Forever Chemicals (initial)


11.2.1. Commonly contains.  FFKM is normally manufactured with an emulsion process that involves a C6 fluorosulfonate surfactant such as the Capstone family by Chemours. These complex surfactants degrade into 6:2 fluorotelomer sulfonate (6:2 FTS) up to 100 ppm in the FKM, and to small concentrations (<100 ppb) of C4-C7 short chain fluorocarboxylates (PFHpA and smaller).  


11.2.2. The C6 fluorosurfactants used in FKM manufacturing could likely be phased out, but it would take time and validation.


11.2.3. FFKM commonly has a side change fluorochain connected by a C-O-C ether bond.  This bond will fracture contributing additional short chain fluorocarboxylates (shorter versions of PFOA family).


[image: ]


11.3. [bookmark: _Toc146197378]Forever Chemicals (over time)


11.3.1. Rarely degrades.  FFKM has C-O-C side chains that could degrade into shorter chain perfluorocarboxylates (shorter version of PFOA family), however these are expected to be very short chain and only contribute marginally to the short chain perfluorocarboxylates that are present initially from the degradation of the C6 surfactant commonly used in manufacturing of FFKM.  Further amounts of the 6:2 FTS fluorotelomer sulfonate would be expected to further degrade into shorter chain perfluorocarboxylates but that would only change the concentrations of the fluoro salts in the FKM materials.  





12. [bookmark: _Toc146197379]Polyvinyldienefluoride (PVDF)


CAS # - 24937-79-9


12.1. [bookmark: _Toc146197380]Summary


12.1.1. Polyvinylidene fluoride or polyvinylidene difluoride (PVDF) is a non-reactive thermoplastic fluoropolymer produced by the polymerization of vinylidene difluoride.


12.1.2. PVDF is commonly used as a specialty plastic for piping, sheet, tubing, and films.  PVDF powder is common in outdoor paints.  PVDF is also used as the cathode binder in lithium batteries and supercapacitors.


12.1.3. Note - irradiated PVDF is a more flexible version of PVDF caused by gamma or e-beam radiation of a PVDF polymer.  Irradiated PVDF does not have a separate listing in this document, but does undergo the same formation of perfluorocarboxylates (PFOA family) as irradiated PTFE.


12.2. [bookmark: _Toc146197381]Forever Chemicals (initial)


12.2.1. None expected.  Unirradiated PVDF does not initially contain any PFOA or PFOS family of chemicals.  Irradiated PVDF contains similar perfluorocarboxylate (PFOA family) concentrations (100 of ppb of each) as irradiated PTFE.


12.3. [bookmark: _Toc146197382]Forever Chemicals (over time)


12.3.1. Does not degrade.  PVDF does not degrade into forever chemicals such as PFOA or PFOS.  PVDF does not have the ether bond (C-O-C) that leads to degradation into PFOA related chemicals that can occur in other fluoropolymers (such as fluoroacrylate coatings or PFA polymers).





13. [bookmark: _Toc146197383]Fluorosilicone Rubber


CAS # - 63148-56-1


13.1. [bookmark: _Toc146197384]Summary


13.1.1. Fluorosilicone rubber (also known as fluorinated silicone rubber or FVMQ) is a widely used synthetic elastomer that can be used in a wide range of applications.  The mechanical and physical properties of fluorosilicone are very similar to that of silicone rubber, but fluorosilicone rubber offers improved resistance to fuel and mineral oils, while possessing poorer resistance to heated air and gases.


13.1.2. Fluorosilicone rubber can have a varying range of fluorine concentration.


13.2. [bookmark: _Toc146197385]Forever Chemicals (initial)


13.2.1. Does not contain.  Fluorocarboxylates or fluorosulfonates.


13.2.2. Commonly contains silicone forever chemicals.  Fluorosilicone rubber commonly has high concentrations of classified D4, D5, and D6 chemicals. 


13.2.3. D6 is also scheduled for restriction under the UN Stockholm Convention on Persistent Organic Pollutant, making silicone a poor potential replacement for fluoropolymers.


13.3. [bookmark: _Toc146197386]Forever Chemicals (over time)


13.3.1. Does not contain.  Fluorocarboxylates or fluorosulfonates.


13.3.2. Degrades into silicone forever chemicals. Fluorosilicone rubber does degrade further over time (slowly) in D4, D5, and D6 siloxanes (forever chemicals).


14. [bookmark: _Toc146197387]Fluoroalkyl phosphates


CAS # - Multiple (Examples - C9-C15 fluoroalkyl phosphate)


14.1. [bookmark: _Toc146197388]Summary


14.1.1. Fluoroalkyl phosphates are a single or pair of fluorochains connected by a C-O-C ether bond.


14.1.2. Example - 8:2 monoPAP is a member of the C9-C15 fluoroalkyl phosphate family.


14.1.3. Fluoroalkyl phosphates historically had widespread use in cosmetics such as foundation or underlayer.  Until recently, the majority of cosmetics of these types contained fluoroalkyl phosphates.[image: ]


14.1.4. Likely with the increase in PFOA regulation in the EU and North America, C9-C15 fluoroalkyl phosphates were not found in products.  Claigan conducted a detailed testing of cosmetics that formerly contained fluoroalkyl phosphates in 2022 (and listed on their ingredients list online) with none found.  Of the products that listed C9-C15 fluoroallkyl phosphate in their ingredients online, the delivered version of the product no longer contained fluoroalkyl phosphates on its ingredients list.  A subsequent review of cosmetics ingredients in 2023, did not show any continued use of fluoroalkylphophates.


14.2. [bookmark: _Toc146197389]Forever Chemicals (initial)


14.2.1. Commonly contains.  Fluoroalkyl phosphates commonly contain >1 ppm of each chain length of perfluorocarboxylates due to degradation of the C-O-C bond connected to the phosphate.  C9-C15 fluoroalkyl phosphates is a significant source of PFOA, PFNA, and PFDA.


14.3. [bookmark: _Toc146197390]Forever Chemicals (over time)


14.3.1. Commonly degrades.  Fluoroalkyl phosphates rapidly degrade into perfluorocarboxylates from the cleavage of the C-O-C bond connecting the fluorochain to the phosphate.
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1. [bookmark: _Toc146197454]Summary


This report is submission #3 of 5 by Claigan Environmental Inc. (Claigan) on behalf of the EU PFAS Restriction Submission Project (“PFAS Submission Project”).  The PFAS submission project is made up of dozens of companies from a wide range of industries (consumer, professional, industrial, medical, oil and gas, laboratory equipment, textiles, electronic components, and retail sales).  


The PFAS Submission Project is focused primarily on the needs of complex products (articles).  Claigan is both a restricted materials consultancy and high volume restricted materials testing laboratory.  Each of the PFAS Submission Project submissions is based on contributions from all major sectors of industry and 2023 PFAS testing data of complex products.


This report (#3) is a review of news articles on PFAS in drinking water and in humans for 2021 to 2023 and the related scientific papers referenced in the news articles.  Included are examples of misinterpretations of the scientific papers by journalists, summaries of the scientific data, and general conclusions.


This report include


A. Names and links to news articles


B. Names and links to related scientific paper


C. Summary of PFAS detected in scientific paper


D. Identification of whether PFAS detected were fluoropolymers (like PTFE) or fluorosalts (like PFOA)


E. Example misinterpretation of the scientific data by journalists


F. General conclusions of scientific data (a must read)


G. Materials ranked by risk of producing the PFAS measured in the drinking water or humans in the scientific articles.


Important notes - the scientific journals were very consistent in identifying perfluorocarboxylates (PFOA family) and persulfonates (PFOS family in drinking water) with no detection of fluoropolymers.  Any regulation on PFAS should focus on materials that provide a risk of perfluorocarboxylates and persulfonates in the environment or humans.  Other PFAS are not related to the issues presented in the scientific paper.


Additional note - the scientific papers identifying PFHxS in drinking water and humans do not match product data.  PFHxS is not observed in products and firefighting foaming, while 6:2 FTS is measured in the same products at very high concentration.  There is some concern that the reported PFHxS is artificial.  6:2 FTS would generally be 1,000X higher concentration than the reported PFHxS in the situation described in the papers above.  There is concern that part of a peak common to both 6:2 FTS and PFHxS (such as 80 m/z) is being partially attributed to PFHxS when only 6:2 FTS is present in very high concentration.   


At a minimum it is strongly recommended that the EU review any PFHxS data in the context of 6:2 FTS.


Claigan Environmental Inc.


		10 Brewer Hunt Way, Suite 200[image: Claigan logo]


		Kanata, ON, Canada, K2K 2B5








September 21 2023
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2. [bookmark: _Toc146197455]PFAS News Articles and Related Science Papers (2021 to 2023)





			Article


			Year


			Paper


			PFAS Detected in Water or Blood/Serum


			High conc. or correlated PFAS


			Fluoro polymer (Y/N)


			PFOA


(Y/N)





			‘Forever chemicals’ linked to infertility in women


			2023


			Exposure to perfluoroalkyl substances and women's fertility outcomes in a Singaporean population-based preconception cohort


			PFDA, PFOS, PFOA, PFHpA


			PFDA


			N


			Y





			Study links in utero ‘forever chemical’ exposure to low sperm count and mobility


			2022


			Maternal Exposure to Per- and Polyfluoroalkyl Substances (PFAS) and Male Reproductive Function in Young Adulthood: Combined Exposure to Seven PFAS


			


			PFHxS, PFHpA, PFOA, PFOS, PFNA, PFDA, PFUnDA


			N


			Y





			‘Forever chemicals’ and acids used in plastic production connected to poor pregnancy outcomes: study


			2023


			Extending Nontargeted Discovery of Environmental Chemical Exposures during Pregnancy and Their Association with Pregnancy Complications—A Cross-Sectional Study


			PFNA, PFOA, PFOS, PFDeA, PFUdA, PFHxS - detected in food and food packaging


			PFOS, PFHxS


			N


			Y





			Tap water study detects PFAS 'forever chemicals' across the US | U.S. Geological Survey


			2023


			Per- and polyfluoroalkyl substances (PFAS) in United States tapwater: Comparison of underserved private-well and public-supply exposures and associated health implications


			PFBA, PFBS, PFHxA, PFHxS, PFOA, PFOS, PFPeA, PFPeS


			PFBS, PFHxS and PFOA


			N


			Y





			“Forever Chemicals” Detected in Blood of Dogs and Horses in PFAS Hotspot


			2023


			Domestic Dogs and Horses as Sentinels of Per- and Polyfluoroalkyl Substance Exposure and Associated Health Biomarkers in Gray’s Creek North Carolina


			PFPeA, PFHxA, PFHpA, PFOA, PFNA, PFDA, PFUnDA, PFDoDA, PFPeS, PFBS, PFHxS, PFHpS, PFOS, PMPA, PEPA, PFO2HxA


			PFHpA, PFOA, PFNA, PFDA, PFUnDA, PFPeS, PFBS, PFHpS, PFOS, PMPA, PEPA, PFO2HxA


			N


			Y





			Child growth and development hampered by PFAS in blood, study says


			2023


			Metabolic Signatures of Youth Exposure to Mixtures of Per- and Polyfluoroalkyl Substances: A Multi-Cohort Study


			PFOS, PFHxS, PFHpS, PFOA, PFNA, and PFDA


			PFOS, PFOA


			N


			Y





			Exposure to PFAS during pregnancy linked to increased risk of obesity in children


			2023


			Associations of Gestational Perfluoroalkyl Substances Exposure with Early Childhood BMI z -Scores and Risk of Overweight/Obesity: Results from the ECHO Cohorts


			PFOA, PFOS, PFNA, PFHxS, PFDA, PFUnDA, NMFOSAA


			PFOA, PFOS, PFNA, and PFHxS


			N


			Y





			


‘Am I going to regret it?': forever chemicals dilemma for breastfeeding mothers


			2021


			Estimated Exposures to Perfluorinated Compounds in Infancy Predict Attenuated Vaccine Antibody Concentrations at Age 5-Years


			PFOS, PFOA, PFHxS, PFNA, PFDA


			PFOA


			N


			Y





			PFAS has more effect than type of diet on weight gain: Study


			2023


			Weight loss relapse associated with exposure


to perfluorinated alkylate substances


			PFHxS, PFOS, PFOA, PFNA, PFDA


			PFOA, PFHxS


			N


			Y





			Research: 'Forever Chemicals' Disrupt Vital Body Processes


			2023


			Metabolic Signatures of Youth Exposure to Mixtures of Per- and Polyfluoroalkyl Substances: A Multi-Cohort Study


			PFOS, PFHxS, PFHpS, PFOA, PFNA, and PFDA


			PFDA


			N


			Y















3. [bookmark: _Toc146197456]Links to PFAS News Articles and Related Science Papers (2021 to 2023)


			Article


			Year


			Paper


			Link (article)


			Link (paper)





			‘Forever chemicals’ linked to infertility in women


			2023


			Exposure to perfluoroalkyl substances and women's fertility outcomes in a Singaporean population-based preconception cohort


			https://www.theguardian.com/environment/2023/apr/06/forever-chemicals-infertility-women-pfas-blood


			https://www.sciencedirect.com/science/article/abs/pii/S0048969723008835?via%3Dihub





			Study links in utero ‘forever chemical’ exposure to low sperm count and mobility


			2022


			Maternal Exposure to Per- and Polyfluoroalkyl Substances (PFAS) and Male Reproductive Function in Young Adulthood: Combined Exposure to Seven PFAS


			https://www.theguardian.com/society/2022/oct/05/pfas-sperm-count-mobility-testicle-development


			https://ehp.niehs.nih.gov/doi/full/10.1289/EHP10285





			‘Forever chemicals’ and acids used in plastic production connected to poor pregnancy outcomes: study


			2023


			Extending Nontargeted Discovery of Environmental Chemical Exposures during Pregnancy and Their Association with Pregnancy Complications—A Cross-Sectional Study


			https://thehill.com/policy/equilibrium-sustainability/4103949-forever-chemicals-and-acids-used-in-plastic-production-connected-to-poor-pregnancy-outcomes-study/


			https://ehp.niehs.nih.gov/doi/10.1289/ehp11546





			Tap water study detects PFAS 'forever chemicals' across the US | U.S. Geological Survey


			2023


			Per- and polyfluoroalkyl substances (PFAS) in United States tapwater: Comparison of underserved private-well and public-supply exposures and associated health implications


			https://www.usgs.gov/news/national-news-release/tap-water-study-detects-pfas-forever-chemicals-across-us


			https://www.sciencedirect.com/science/article/pii/S0160412023003069?via%3Dihub





			“Forever Chemicals” Detected in Blood of Dogs and Horses in PFAS Hotspot


			2023


			Domestic Dogs and Horses as Sentinels of Per- and Polyfluoroalkyl Substance Exposure and Associated Health Biomarkers in Gray’s Creek North Carolina


			https://www.technologynetworks.com/applied-sciences/news/forever-chemicals-detected-in-blood-of-dogs-and-horses-in-pfas-hotspot-375085


			https://pubs.acs.org/doi/10.1021/acs.est.3c01146





			Child growth and development hampered by PFAS in blood, study says


			2023


			Metabolic Signatures of Youth Exposure to Mixtures of Per- and Polyfluoroalkyl Substances: A Multi-Cohort Study


			https://www.cnn.com/2023/03/20/health/pfas-children-wellness/index.html


			https://ehp.niehs.nih.gov/doi/10.1289/EHP11372





			Exposure to PFAS during pregnancy linked to increased risk of obesity in children


			2023


			Associations of Gestational Perfluoroalkyl Substances Exposure with Early Childhood BMI z -Scores and Risk of Overweight/Obesity: Results from the ECHO Cohorts


			https://www.news-medical.net/news/20230607/Exposure-to-PFAS-during-pregnancy-linked-to-increased-risk-of-obesity-in-children.aspx


			https://ehp.niehs.nih.gov/doi/10.1289/EHP11545





			


‘Am I going to regret it?': forever chemicals dilemma for breastfeeding mothers


			2021


			Estimated Exposures to Perfluorinated Compounds in Infancy Predict Attenuated Vaccine Antibody Concentrations at Age 5-Years


			https://www.theguardian.com/us-news/2021/feb/15/forever-chemicals-breastfeeding-contamination-pfas


			https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6190594/





			PFAS has more effect than type of diet on weight gain: Study


			2023


			Weight loss relapse associated with exposure


to perfluorinated alkylate substances


			https://www.ehn.org/pfas-weight-gain-obesity-2659877152.html


			https://onlinelibrary.wiley.com/doi/pdfdirect/10.1002/oby.23755





			Research: 'Forever Chemicals' Disrupt Vital Body Processes


			2023


			Metabolic Signatures of Youth Exposure to Mixtures of Per- and Polyfluoroalkyl Substances: A Multi-Cohort Study


			https://www.miragenews.com/research-forever-chemicals-disrupt-vital-body-954859/


			https://ehp.niehs.nih.gov/doi/full/10.1289/EHP11372?ref=tomecontroldesusalud.com








Articles last accessed September 18 2023.


4. [bookmark: _Toc146197457]Definitions


4.1. [bookmark: _Toc146197458]Article


4.1.1. News article discussing PFAS


4.2. [bookmark: _Toc146197459]Year


4.2.1. Year of the Article


4.3. [bookmark: _Toc146197460]Paper


4.3.1. Name of the scientific paper referenced in the article


4.4. [bookmark: _Toc146197461]PFAS Detected in Water or Blood/Serum


4.4.1. What perfluoroalkyl carboxylates were detected in drinking water or human blood/serum.


4.5. [bookmark: _Toc146197462]High conc. or correlated PFAS


4.5.1. What PFAS substance was most correlated to the conclusion or health concern of the scientific paper.


4.6. [bookmark: _Toc146197463]Fluoropolymer (Y/N)


4.6.1. Was a fluoropolymer detected in the drinking water or human blood/serum in the scientific paper?


4.7. [bookmark: _Toc146197464]PFOA (Y/N)


4.7.1. Was a perfluorocarboxylate (PFOA family) or perfluorosulfonate (PFOS family) detected in drinking water or human blood/serum in the scientific paper?


4.8. [bookmark: _Toc146197465]Links (Articles)


4.8.1. Links to the news article


4.9. [bookmark: _Toc146197466]Links (Paper)


4.9.1. Links to the scientific paper





5. [bookmark: _Toc146197467]Related documents


5.1. [bookmark: _Toc146197468]Claigan PFAS Submission #1 - PFAS in Articles


5.1.1. Comprehensive 2023 test data regarding locations and uses of PFAS in articles.


5.2. [bookmark: _Toc146197469]Claigan PFAS Submission #2 - PFOA in Articles


5.2.1. 2022 and 2023 test data regarding PFOA (and other perfluorocarboxylates and perfluorosulfonates in articles)


5.3. [bookmark: _Toc146197470]Claigan PFAS Submission #4 - PFAS Substitutes and Alternatives


1.1.1. A review of pros and cons of fluoropolymers and their potential substitutes.


5.4. [bookmark: _Toc146197471]Claigan PFAS Submission #5 - PFAS Derogations and Justifications


1.1.2. Requested derogations and related justifications for necessary uses of PFAS.









6. [bookmark: _Toc146197472]High Risk Materials for PFAS in Drinking Water / Humans


6.1. [bookmark: _Toc146197473]Definitions


6.1.1. Overall


6.1.1.1. Based on product testing and scientific papers.


6.1.2. Very high risk


6.1.2.1. Materials that likely produce significant concentrations of PFAS in drinking water or human blood/serum


6.1.3. High risk


6.1.3.1. Materials that likely produce concentrations of PFAS in drinking water or human blood/serum


6.1.4. Low risk


6.1.4.1. Materials that may contain and may produce small concentrations of PFAS in drinking water or human blood/serum.  These materials are unlikely to be significant contributors to measured PFAS in drinking water or human blood/serum


6.1.5. No risk


6.1.5.1. Materials that have no potential to produce PFAS in drinking water or humans.


6.2. [bookmark: _Toc146197474]Risk of Creating PFAS in Drinking Water or Human


6.2.1. Very High risk


6.2.1.1. Fluoroalkyl phosphates


6.2.1.1.1. Examples - cosmetics


6.2.2. High risk


6.2.2.1. Fluoroalkyl acrylates (external)


6.2.2.1.1. Examples - fluoroacrylates in clothings


6.2.2.2. Fluoroelastomers in drinking water


6.2.2.2.1. If containing 6:2 FTS based surfactant


6.2.3. Low risk


6.2.3.1. Fluoroalkyl acrylates (internal)


6.2.3.1.1. Examples - fluoroacrylates internal to electronics


6.2.3.2. PFA, fluoroelastomers, perfluoroelastomers, irradiated PTFE, ePTFE, 


6.2.3.2.1. Examples - electronics wiring,  professional seals, water membranes, and other applications of the materials above.


6.2.4. No risk


6.2.4.1. PTFE (standard - unirradiated)


6.2.4.1.1. Examples - cookware, PTFE seals


6.2.4.2. PVDF, ETFE, FEP


6.2.4.2.1. Examples - fluid transport components





7. [bookmark: _Toc146197475]Examples of Misinterpretations of Journalists


7.1. [bookmark: _Toc146197476]Example


7.1.1. News article - ‘Forever chemicals’ linked to infertility in women


7.1.2. Science paper - Exposure to perfluoroalkyl substances and women's fertility outcomes in a Singaporean population-based preconception cohort


7.2. [bookmark: _Toc146197477]Misinterpretation


7.2.1. PFAS in the blood of women primarily PFDA.


7.2.2. PFDA is a specific C10 fluorocarboxylate not commonly found in products


7.2.2.1. PFDA is only found in high concentration in 


7.2.2.1.1. Cosmetics using C9-C15 fluoroalkyl phosphate, and


7.2.2.1.2. To a lesser extent - fluoroacrylate coated clothing


7.2.2.2. PFDA is found in low concentrations in 


7.2.2.2.1. PFA and irradiated PTFE in electronics


7.3. [bookmark: _Toc146197478]Corrected news articles


7.3.1. Original article title


7.3.1.1. ‘Forever chemicals’ linked to infertility in women, study shows’


7.3.2. More accurate theoretical article title


7.3.2.1. ‘Biomarker related to heavy makeup use linked to infertility in women, study shows’


8. [bookmark: _Toc146197479]Conclusions from review of papers


8.1. [bookmark: _Toc146197480]PFAS are only perfluorocarboxylates and perfsulfonates


8.1.1. All PFAS in all the science papers are perfluorocarboxylates and perfluorsulfonates, none are fluoropolymers.


8.2. [bookmark: _Toc146197481]Fluoropolymers


8.2.1. Drinking water and humans are not affected by any PFAS that does not contain perfluorocarboxylates.


8.3. [bookmark: _Toc146197482]Reducing PFAS


8.3.1. All PFAS in drinking water would be reduced by enforcing and expanding restrictions that already exist.


8.3.2. The current restrictions for perfluorocarboxylates under POP and REACH regulations would greatly limit PFAS in drinking water and humans if enforced.  An increase in regulation of sulfonates would limit the other PFAS in drinking water and humans.


8.3.3. Regulation of PFAS unrelated to perfluorocarboxylates or persulfonates would have no effect on drinking water and human health.


8.4. [bookmark: _Toc146197483]Side note - PFHxS 


8.4.1. PFHxS is commonly reported in the science papers above but has not been measured in products in 2022/2023.  It is possible that the reported PFHxS is actually 6:2 FTS, which is a C6 sulfonate but is not PFHxS. 


8.4.2. A common mis-statement is that PFHxS is derived from AFFF fire fighting foams.  However, AFFF material degrades into 6:2 FTS then into perfluorocarboxylates such as PFHxA, not PFHxS.


8.4.3. PFHxS is not a normal degradation product of fluorotelomer sulfonate surfactants.  When the ‘telomer’ C-C section (the :2 in 6:2) degrades, it takes the sulfur with it - making the presence of PFHxS less unlikely.


8.4.4. Example degradation path of AFFF foam (and other fluorotelomer sulfonate surfactants) from “Aerobic Biotransformation of Fluorotelomer Thioether Amido Sulfonate (Lodyne™) in AFFF-Amended Microcosms” 2015.  Note no PFHxS in the degradation path of C6 AFFF (middle column in the diagram).[image: ]


8.4.4.1. The 6:2 fluorosurfactant 6:2 FtTAoS degrades primarily into 6:2 FTS, which degrades into perfluorocarboxylates (PFBA, PFPeA, and PFHxA) not PFHxS.


8.4.5. Papers that test for 6:2 FTS separately from PFHxS have very different results.  See - “Per- and polyfluoroalkyl substances (PFASs) in contaminated coastal marine waters of the Saudi Arabian Red Sea: a baseline study” - 2020.  


8.4.6. It is strongly recommended that drinking water data is re-reviewed in context of the presence of high concentrations of 6:2 FTS.
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1. [bookmark: _Toc146197710]Summary


This report is submission #4 of 5 by Claigan Environmental Inc. (Claigan) on behalf of the EU PFAS Restriction Submission Project (“PFAS Submission Project”).  The PFAS submission project is made up of dozens of companies in a wide range of industries (consumer, professional, industrial, medical, oil and gas, laboratory equipment, textiles, electronic components, and retail sales).  


The PFAS Submission Project is focused primarily on the needs of complex products (articles).  Claigan is both a restricted materials consultancy and high volume restricted materials testing laboratory.  Each of the PFAS Submission Project submissions is based on contributions from all major sectors of industry and 2023 PFAS testing data of complex products.


This report (#4) is a detailed review of the pro’s and con’s of each major PFAS material and their potential substitutes.  





Note - the forever chemicals data is based on testing data from 2022 and 2023 on representative materials.
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2. [bookmark: _Toc146197711]Comparison Chart


			Comparison


			PTFE


			PEEK


			Silicone


			Poly


urethane


			PFA


			Irradiated PTFE


			ePTFE


			Fluoro


acrylates


			FKM


			FFKM


			PVDF


			Nitrile Rubber


			EPDM


			Stainless steel


			Fluoro


silicone





			Low Friction


			Excellent


			Decent


			Decent


			Poor


			Decent


			Excellent


			Excellent


			Excellent


			Poor


			Poor


			Decent


			Poor


			Poor


			Poor


			Excellent





			Chemical Resistance


			Excellent


			Decent


			Decent


			Poor


			Excellent


			Excellent


			Excellent


			Excellent


			Excellent


			Excellent


			Excellent


			Decent


			Decent


			Poor


			Decent





			Water Resistance


			Excellent


			Excellent


			Decent


			Decent


			Excellent


			Excellent


			Excellent


			Excellent


			Excellent


			Excellent


			Excellent


			Excellent


			Excellent


			Excellent


			Excellent





			Oil Resistance


			Excellent


			Excellent


			Poor


			Excellent


			Excellent


			Excellent


			Excellent


			Excellent


			Excellent


			Excellent


			Excellent


			Excellent


			Poor


			Excellent


			Excellent





			Temperature Resistance


			Excellent


			Excellent


			Excellent


			Poor


			Excellent
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			Flexibility
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			Poor
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			Poor
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			Excellent
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			Excellent


			Poor





			Forever Chemicals (over time)


			Excellent


			Excellent
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			Excellent
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			Excellent


			Excellent
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			Excellent


			Decent


			Excellent


			Excellent


			Excellent


			Excellent
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			Bio- compatibility


			Excellent


			Excellent
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			Excellent


			Excellent
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			Decent


			Decent


			Decent


			Excellent


			Excellent


			Excellent


			Excellent


			Poor


			Poor


			Poor


			Decent


			Decent


			Poor


			Excellent





			Radiation Resistance


			Poor


			Excellent


			Poor
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			Poor


			Poor


			Poor


			Poor


			Poor


			Poor


			Decent


			Poor


			Decent


			Excellent


			Poor














3. [bookmark: _Toc146197712]Definitions


3.1. [bookmark: _Toc146197713]Low Friction


3.1.1. Excellent - low coefficient of static friction. Nearly frictionless.


3.1.2. Decent - lower coefficient of static friction but has some friction in use.


3.1.3. Poor - high coefficient of static friction.  Displays strong friction during use and not suitable for applications requiring low friction.


3.2. [bookmark: _Toc146197714]Chemical Resistance


3.2.1. Excellent - excellent resistance to acids and bases.  No discernible effect.


3.2.2. Decent - resistant to acids and bases.  But does exhibit some degradation.  Should not be in extended contact or subject to high concentrations of acids or bases.


3.2.3. Poor - not resistant to acids, and/or bases..


3.2.4. Note - the resistance to acids or bases may not be uniformly excellent, decent, or poor for a material.  The rating reflects its general potential applications of the material.


3.3. [bookmark: _Toc146197715]Water Resistance


3.3.1. Excellent - Hydrophobic.  Impermeable to water even as a coating.


3.3.2. Decent - Resistant to water, but not completely hydrophobic or water proof..


3.3.3. Poor - Permeable by water.


3.4. [bookmark: _Toc146197716]Oil Resistance


3.4.1. Excellent - excellent resistance to oils.  No discernible effect.


3.4.2. Decent - resistant to oil.  But does exhibit some degradation or permeability.  Should not be in extended contact with oils.


3.4.3. Poor - not resistant to oil.


3.5. [bookmark: _Toc146197717]Temperature Resistance


3.5.1. Excellent - Can withstand temperatures above 150C


3.5.2. Decent - Can withstand temperatures above 100C


3.5.3. Poor - Impacted by temperature above 100C


3.6. [bookmark: _Toc146197718]Flexibility


3.6.1. Excellent - Exhibits good flexibility and useful in most applications requiring flexibility.


3.6.2. Decent - Not completely rigid, and exhibits some flexibility.


3.6.3. Poor - Rigid.  Not suitable for applications requiring flexibility.


3.7. [bookmark: _Toc146197719]Forever Chemicals (initial)


3.7.1. Excellent - Contains no substances with an EU harmonized classification of vPvB or PBT after manufacturing.


3.7.2. Decent - Contains trace (<1 ppm) of substances with an EU harmonized classification of vPvB or PBT after manufacturing


3.7.3. Poor - Contains (> 1ppm) of substances with an EU harmonized classification of vPvB or PBT after manufacturing


3.8. [bookmark: _Toc146197720]Forever Chemicals (over time)


3.8.1. Excellent - Does not degrade into substances with an EU harmonized classification of vPvB or PBT.


3.8.2. Decent - Degrades lightly (<1 ppm) of substances with an EU harmonized classification of vPvB or PBT over time.


3.8.3. Poor - Degrades into (> 1ppm) of substances with an EU harmonized classification of vPvB or PBT over time.


3.9. [bookmark: _Toc146197721]Biocompatibility


3.9.1. Excellent - Passes EU MDR biocompatibility testing and does not normally require toxicological justification.


3.9.2. Decent - Passes EU <DDR biocompatibility testing but often requires toxicological justification.


3.9.3. Poor - Does not generally pass EU MDR biocompatibility testing or requires significant justification.


3.10. [bookmark: _Toc146197722]Low dielectric constant


3.10.1. Excellent - Low dielectric constant.  Suitable for most insulation or electronics purposes.


3.10.2. Decent - Medium dielectric constant.  Suitable for some insulation or electronics purposes.


3.10.3. Poor - High dielectric constant.  Not normally suitable as an insulating material in electronics.


3.11. [bookmark: _Toc146197723]Radiation Resistance


3.11.1. Excellent - Excellent resistance to gamma and e-beam radiation.  Does not exhibit degradation.


3.11.2. Decent - Decent resistance to gamma and e-beam radiation.  Exhibits degradation with repeat or high dosage exposure.


3.11.3. Poor - Degrades in gamma or e-beam radiation.





4. [bookmark: _Toc146197724]Polytetrafluoroethylene (PTFE)


Representative CAS # - 9002-84-0


4.1. [bookmark: _Toc146197725]Summary


4.1.1. PTFE is the most common fluoropolymer with a wide range of applications.  This listing is for the unirradiated and unexpanded PTFE polymer.  Irradiated PTFE and ePTFE have separate summaries in this document even though they share the same CAS number.  The additional processing of irradiation or expansion changes the chemical characteristics of PTFE sufficiently that separate listings were necessary.


4.2. [bookmark: _Toc146197726]Low Friction


4.2.1. PTFE has a very low static friction coefficient.


4.3. [bookmark: _Toc146197727]Chemical Resistance


4.3.1. PTFE is highly resistant to a wide range of acids, including hydrochloric acid, sulfuric acid, and nitric acid.


4.3.2. PTFE is highly resistant to a wide range of bases, including sodium hydroxide and potassium hydroxide. This makes it an ideal material for use in applications that involve the handling of basic liquids or gases, such as in the chemical and pharmaceutical industries.


4.4. [bookmark: _Toc146197728]Water Resistance


4.4.1. PTFE is strongly hydrophobic (water shedding). Water cannot readily wet out the surfaces


4.5. [bookmark: _Toc146197729]Oil Resistance


4.5.1. PTFE is oleophobic (oil shedding) and strongly resistant to oils and stains.


4.6. [bookmark: _Toc146197730]Temperature Resistance


4.6.1. PTFE has excellent temperature resistance with chemical inertness and temperature resistance ranging from -200 to 260 °C


4.7. [bookmark: _Toc146197731]Flexibility


4.7.1. PTFE is only moderately flexible and requires irradiation or expansion (ePTFE) to be fully flexible.


4.8. [bookmark: _Toc146197732]Forever Chemicals (initial)


4.8.1. Unirradiated and unexpanded PTFE does not contain any PFOA or PFOS family of chemicals.  PFOA related substances may have been used decades ago for the manufacture of PTFE, but testing of hundreds of PTFE parts by Claigan has not shown any PFOA or PFOS related chemicals in unirradiated and unexpanded PTFE.


4.9. [bookmark: _Toc146197733]Forever Chemicals (over time)


4.9.1. PTFE does not degrade into forever chemicals such as PFOA or PFOS.  PTFE does not have the ether bond (C-O-C) that leads to degradation into PFOA related chemicals that can occur in other fluoropolymers (such as fluoroacrylate coatings or PFA polymers).


4.10. [bookmark: _Toc146197734]Biocompatibility


4.10.1. PTFE is highly biocompatible and does not normally release any substance that would require toxicological evaluation for invasive or implantable medical devices.


4.11. [bookmark: _Toc146197735]Low dielectric constant


4.11.1. PTFE has the best electrical properties of any plastic material with a low dielectric constant that does not change with temperature or frequency.  This property makes PTFE an excellent insulator for electronic purposes.


4.12. [bookmark: _Toc146197736]Radiation Resistance


4.12.1. PTFE is not suitable for gamma radiation or e-beam radiation exposure.  Radiation exposure causes the polymer chains to break down, significantly changing the properties (and chemical composition) of the material.


4.12.2. Irradiation PTFE (a separate listing in this document) is PTFE irradiated in a controlled manner to reduce the durometer (‘rubberize’) of the PTFE polymer.  Beyond the changes in physical characteristics, irradiation of PTFE creates small concentrations of the PFOA family of various lengths.


4.13. [bookmark: _Toc146197737]Conclusion - PTFE


4.13.1. Standard PTFE (unirradiated and unexpanded) is one of the safest polymers available with no forever chemicals and excellent biocompatibility.





5. [bookmark: _Toc146197738]Polyether ether ketone (PEEK)


CAS # - 29658-26-2


5.1. [bookmark: _Toc146197739]Summary


5.1.1. Polyether ether ketone (PEEK) is a colourless organic thermoplastic polymer in the polyaryletherketone (PAEK) family.


5.1.2. PEEK is not a PFAS substance, and is included in this report as a potential substitute.


5.2. [bookmark: _Toc146197740]Low Friction


5.2.1. PEEK’s coefficient of static friction is low but twice as high as PTFE.


5.3. [bookmark: _Toc146197741]Chemical Resistance


5.3.1. PEEK is resistant to a wide range of acids but does decompose at higher concentrations of nitric and sulfuric acids.


5.3.2. PEEK is highly resistant to a wide range of bases, including sodium hydroxide and potassium hydroxide. 


5.4. [bookmark: _Toc146197742]Water Resistance


5.4.1. PEEK is strongly hydrophobic (water shedding). Water cannot readily wet out the surfaces


5.5. [bookmark: _Toc146197743]Oil Resistance


5.5.1. PEEK is oleophobic (oil shedding) and strongly resistant to oils and stains.


5.6. [bookmark: _Toc146197744]Temperature Resistance


5.6.1. PEEK has excellent thermal range and can be used continuously up to 250 °C


5.7. [bookmark: _Toc146197745]Flexibility


5.7.1. PEEK is very rigid and not suitable for flexible applications.


5.8. [bookmark: _Toc146197746]Forever Chemicals (initial)


5.8.1. PEEK does not normally contain any substances with an EU harmonized classification of vPvB or PBT after manufacturing.


5.9. [bookmark: _Toc146197747]Forever Chemicals (over time)


5.9.1. PEEK does not normally degrade into substances with an EU harmonized classification of vPvB or PBT.


5.10. [bookmark: _Toc146197748]Biocompatibility


5.10.1. PEEK is highly biocompatible and does not normally release any substance that would require toxicological evaluation for invasive or implantable medical devices.


5.11. [bookmark: _Toc146197749]Low dielectric constant


5.11.1. PEEK has a decently low dielectric constant but not sufficiently low for many electrical insulation applications.


5.12. [bookmark: _Toc146197750]Radiation Resistance


5.12.1. PEEK shows good resistance to gamma and e-beam radiation.


5.13. [bookmark: _Toc146197751]Conclusion - PEEK


5.13.1. PEEK has excellent biocompatibility, but its moderate friction and dielectric constant with poor flexibility makes PEEK unsuitable as a substitute for most fluoropolymer applications.





6. [bookmark: _Toc146197752]Silicone Rubber


CAS # - 63394-02-5


6.1. [bookmark: _Toc146197753]Summary


6.1.1. Silicone rubber (polysiloxane) is an elastomer (rubber-like material) composed of silicone.  Silicone rubber has many different formulations.  This listing is for the standard cured (vulcanized) form.


6.1.2. Silicone rubber is not a PFAS substance, and is included in this report as a potential substitute.


6.2. [bookmark: _Toc146197754]Low Friction


6.2.1. Silicone rubber has a moderate coefficient of static friction and is not generally useful in situations requiring very low friction.


6.3. [bookmark: _Toc146197755]Chemical Resistance


6.3.1. Silicone rubber is highly resistant to a wide range of acids, including hydrochloric acid, sulfuric acid, and nitric acid.


6.3.2. Silicone rubber is highly resistant to a wide range of bases, including sodium hydroxide and potassium hydroxide. 


6.4. [bookmark: _Toc146197756]Water Resistance


6.4.1. Silicone rubber is water resistant but is not completely waterproof.  Silicone rubber is not suitable for water proof coatings that have to weather intense water conditions.


6.5. [bookmark: _Toc146197757]Oil Resistance


6.5.1. Silicone rubber is not oil resistant and is easily penetrated by oils.  Silicone rubber retains stains and smells, and is not suitable for situations requiring oil resistance.


6.6. [bookmark: _Toc146197758]Temperature Resistance


6.6.1. Silicone rubber has excellent thermal range and can be used continuously up to 300 °C


6.7. [bookmark: _Toc146197759]Flexibility


6.7.1. Silicone rubber is very flexible and is suitable for applications requiring significant flexibility.


6.8. [bookmark: _Toc146197760]Forever Chemicals (initial)


6.8.1. Silicon rubber commonly has high concentrations of classified D4, D5, and D6 chemicals (EU classified PBT substances).  Claigan testing of hundreds of samples from 2021 to 2023 showed a median D6 concentration of 300 ppm in silicone rubber.  This concentration is 1,000X higher concentration of forever chemicals than irradiated PTFE (and far worse than standard PTFE which does not contain forever chemicals).


6.8.2. D4, D5, and D6 are scheduled for restriction under the UN Stockholm Convention on Persistent Organic Pollutant, making silicone a poor potential replacement for fluoropolymers.


6.9. [bookmark: _Toc146197761]Forever Chemicals (over time)


6.9.1. Silicon rubber does degrade further over time (slowly) in D4, D5, and D6 siloxanes (forever chemicals).


6.10. [bookmark: _Toc146197762]Biocompatibility


6.10.1. Silicone rubber has reasonable biocompatibility but silicone rubber does generally release substances that require toxicological evaluation for invasive or implantable medical devices.  It is common for medical devices using silicone rubber parts to have to conduct toxicological risk assessment of the D6 (and similar siloxanes) that are released from the silicone rubber parts.


6.11. [bookmark: _Toc146197763]Low dielectric constant


6.11.1. Silicone rubber has a decently low dielectric constant but not sufficiently low for many electrical insulation applications.


6.12. [bookmark: _Toc146197764]Radiation Resistance


6.12.1. Silicone rubber has poor resistance to gamma and e-beam radiation, and degrades significantly in the presence of radiation.


6.13. [bookmark: _Toc146197765]Conclusion - Silicone rubber


6.13.1. Silicone rubber is a poor substitute for fluoropolymers in many applications due to its only moderate water resistance, and poor oil resistance.  With silicone rubber’s high concentration of forever chemicals and the upcoming listing of the D4, D5, and D6 siloxanes under the UN Stockholm Persistent Organic Pollutant regulation, silicone rubber is not generally considered a viable long term alternative for fluoropolymers.  





7. [bookmark: _Toc146197766]Polyurethane


CAS # - 9009-54-5


7.1. [bookmark: _Toc146197767]Summary


7.1.1. Polyurethane (PUR or PU)  refers to a class of polymers composed of organic units joined by carbamate (urethane) links. In contrast to other common polymers such as polyethylene and polystyrene, polyurethane is produced from a wide range of starting materials. 


7.1.2. Polyurethane is not a PFAS substance, and is included in this report as a potential substitute.


7.2. [bookmark: _Toc146197768]Low Friction


7.2.1. Polyurethane has a high coefficient of static friction and is not useful in situations requiring low friction.


7.3. [bookmark: _Toc146197769]Chemical Resistance


7.3.1. Polyurethane is not resistant to a wide range of acids, including hydrochloric acid, sulfuric acid, and nitric acid.  Polyurethane generally degrades in the presence of moderate acids.


7.3.2. Polyurethane is not resistant to a wide range of bases, including sodium hydroxide and potassium hydroxide.   Polyurethane generally degrades in the presence of moderate bases.


7.4. [bookmark: _Toc146197770]Water Resistance


7.4.1. Polyurethane is water resistant but is not completely waterproof.  Polyurethane is not suitable for water proof coatings that have to weather intense water conditions.


7.5. [bookmark: _Toc146197771]Oil Resistance


7.5.1. Polyurethane is a range of materials and highly oil resistant versions are available.  Common polyurethane types would be suitable for oil resistant applications.


7.6. [bookmark: _Toc146197772]Temperature Resistance


7.6.1. General blends of polyurethane are only usable up to 93C.  Specialized high performance grades can reach 150C, but these are not as common.


7.7. [bookmark: _Toc146197773]Flexibility


7.7.1. Polyurethane is very flexible and is suitable for applications requiring significant flexibility.


7.8. [bookmark: _Toc146197774]Forever Chemicals (initial)


7.8.1. Polyurethane does not normally contain any substances with an EU harmonized classification of vPvB or PBT after manufacturing.


7.9. [bookmark: _Toc146197775]Forever Chemicals (over time)


7.9.1. Polyurethane does not normally degrade into substances with an EU harmonized classification of vPvB or PBT.


7.10. [bookmark: _Toc146197776]Biocompatibility


7.10.1. Polyurethane has reasonable biocompatibility but polyurethane does generally release substances that require toxicological evaluation for invasive or implantable medical devices.  It is common for medical devices using polyurethane rubber parts to have to conduct toxicological risk assessment of the isocyanates that are released from the polyurethane parts.


7.11. [bookmark: _Toc146197777]Low dielectric constant


7.11.1. Polyurethane has a decently low dielectric constant but not sufficiently low for many electrical insulation applications.


7.12. [bookmark: _Toc146197778]Radiation Resistance


7.12.1. Polyurethane has one of the best resistances to gamma and e-beam radiation among plastics.  Polyurethane does degrade at higher radiation doses, but it can reasonably tolerate lower radiation doses.


7.13. [bookmark: _Toc146197779]Conclusion - Polyurethane


7.13.1. Polyurethane may be able to replace fluoropolymers in some general / low tolerance applications.  But in general, polyurethane does not have the performance characteristics needed for most fluoropolymer applications in particular applications related to low friction, acid resistance, or temperature.





8. [bookmark: _Toc146197780]Perfluoroalkoxy alkane (PFA)


CAS # - 26655-00-5


8.1. [bookmark: _Toc146197781]Summary


8.1.1. Perfluoroalkoxy alkanes (PFA) are fluoropolymers. They are copolymers of tetrafluoroethylene (C2F4) and perfluoroethers (C2F3ORf, where Rf is a perfluorinated group such as trifluoromethyl (CF3) or longer). The properties of these polymers are similar to those of polytetrafluoroethylene (PTFE). Compared to PTFE, PFA has better flexibility,  equivalent low friction, and higher chemical resistance.


8.1.2. PFA is commonly used in applications where superior flexibility is needed compared to PTFE such as internal wiring in dense electronics or in medical devices.


8.2. [bookmark: _Toc146197782]Low Friction


8.2.1. PFA has a very low static friction coefficient.


8.3. [bookmark: _Toc146197783]Chemical Resistance


8.3.1. PFA is highly resistant to a wide range of acids, including hydrochloric acid, sulfuric acid, and nitric acid.


8.3.2. PFA is highly resistant to a wide range of bases, including sodium hydroxide and potassium hydroxide. This makes it an ideal material for use in applications that involve the handling of basic liquids or gases, such as in the chemical and pharmaceutical industries.


8.4. [bookmark: _Toc146197784]Water Resistance


8.4.1. PFA is strongly hydrophobic (water shedding). Water cannot readily wet out the surfaces


8.5. [bookmark: _Toc146197785]Oil Resistance


8.5.1. PFA is oleophobic (oil shedding) and strongly resistant to oils and stains.


8.6. [bookmark: _Toc146197786]Temperature Resistance


8.6.1. PFA has excellent temperature resistance with chemical inertness and temperature resistance ranging from -200 to 260 °C


8.7. [bookmark: _Toc146197787]Flexibility


8.7.1. PFA is very flexible and is often used instead of PTFE in applications requiring superior flexibility.


8.8. [bookmark: _Toc146197788]Forever Chemicals (initial)


8.8.1. The ether bond in PFA commonly breaks during manufacturing (due to the low energy of bond dissociation of the ether bond), releasing random lengths of PFAS changes that become the range of C2 to C14 perfluorocarboxylates (ie. the PFOA family).  PFA normally has 100 to 300 ppb of each length of the PFOA family.


8.9. [bookmark: _Toc146197789]Forever Chemicals (over time)


8.9.1. PFA does degrade further overtime into additional lengths of perfluorocarboxylates (PFOA family) due to the cleavage of the remaining ether (C-O-C) bonds.


8.10. [bookmark: _Toc146197790]Biocompatibility


8.10.1. PFA is highly biocompatible but it does release a small amount of the perfluorocarboxylates (PFOA family). PFA’s PFOA concentration is not normally high enough to require toxicological risk assessment, but PFOA has a measurable presence in biocompatibility extracts from PFA containing medical devices.


8.11. [bookmark: _Toc146197791]Low dielectric constant


8.11.1. PFA has electrical properties similar to PTFE with a low dielectric constant that does not change with temperature or frequency.  This property makes PFA an excellent insulator for electronic purposes.


8.12. [bookmark: _Toc146197792]Radiation Resistance


8.12.1. PFA is not suitable for gamma radiation or e-beam radiation exposure.  Radiation exposure causes the polymer chains to break down, significantly changing the properties (and chemical composition) of the material and produces additional perfluorocarboxylates (PFOA family).


8.13. [bookmark: _Toc146197793]Conclusion - PFA


8.13.1. PFA contains low concentrations of forever chemicals (PFOA family), but is needed for applications requiring superior flexibility, temperature resistance, flexibility, and low friction such as dense electronics or medical devices.





9. [bookmark: _Toc146197794]Irradiated Polytetrafluoroethylene (PTFE)


CAS # - 9002-84-0 (Irradiated - Same at PTFE)


9.1. [bookmark: _Toc146197795]Summary


9.1.1. PTFE in its normal state is fairly rigid.  For use in situations requiring flexibility, PTFE is often irradiated with either gamma or e-beam radiation.  The radiation fractures the long polymer chains.  Most of the chains reconnect randomly with other fractured chains (called crosslinking) to create a rubberized form of PTFE.


9.1.2. However, some chain fractures react with oxygen and form different lengths of perfluorocarboxylates (PFOA family).


9.1.3. Applications for irradiated PTFE include heat shrinkable tubing and plumber’s (pool) tape. PTFE tape in medical devices is commonly made from irradiated PTFE.


9.2. [bookmark: _Toc146197796]Low Friction


9.2.1. Irradiated PTFE has a very low static friction coefficient.


9.3. [bookmark: _Toc146197797]Chemical Resistance


9.3.1. Irradiated PTFE is highly resistant to a wide range of acids, including hydrochloric acid, sulfuric acid, and nitric acid.


9.3.2. Irradiated PTFE is highly resistant to a wide range of bases, including sodium hydroxide and potassium hydroxide. This makes it an ideal material for use in applications that involve the handling of basic liquids or gases, such as in the chemical and pharmaceutical industries.


9.4. [bookmark: _Toc146197798]Water Resistance


9.4.1. Irradiated PTFE is strongly hydrophobic (water shedding). Water cannot readily wet out the surfaces


9.5. [bookmark: _Toc146197799]Oil Resistance


9.5.1. Irradiated PTFE is oleophobic (oil shedding) and strongly resistant to oils and stains.


9.6. [bookmark: _Toc146197800]Temperature Resistance


9.6.1. Irradiated PTFE has excellent temperature resistance with chemical inertness and temperature resistance ranging from -200 to 260 °C


9.7. [bookmark: _Toc146197801]Flexibility


9.7.1. Irradiated PTFE is very flexible and is useful in applications requiring more flexibility than standard PTFE offers.


9.8. [bookmark: _Toc146197802]Forever Chemicals (initial)


9.8.1. Irradiated PTFE usually contains 100s of ppb of each of the perfluorocarboxylate (PFOA family).  The perfluorocarboxylates are randomly formed from chains fractured from the original long PTFE polymer chains with gamma (or e-beam) radiation that react with air instead of crosslinking with other chain fractures.


9.9. [bookmark: _Toc146197803]Forever Chemicals (over time)


9.9.1. Irradiated PTFE does not further degrade into further forever chemicals such as PFOA or PFOS.  Irradiated PTFE does not have the ether bond (C-O-C) that leads to degradation into PFOA related chemicals that can occur in other fluoropolymers (such as fluoroacrylate coatings or PFA polymers).  Irradiated PTFE has no natural degradation path into the PFOA family unless it is further irradiated.


9.10. [bookmark: _Toc146197804]Biocompatibility


9.10.1. Irradiated PTFE is highly biocompatible but it does release a small amount of the PFOA family.  Irradiated PTFE’s PFOA (and similar) concentration is not normally high enough to require toxicological risk assessment, but PFOA has a measurable presence in biocompatibility extracts from irradiated PTFE containing medical devices.


9.11. [bookmark: _Toc146197805]Low dielectric constant


9.11.1. Irradiated PTFE has a very low dielectric constant that does not change with temperature or frequency.  This property makes irradiated PTFE an excellent insulator for electronic purposes.


9.12. [bookmark: _Toc146197806]Radiation Resistance


9.12.1. Irradiated PTFE is not suitable for further gamma radiation or e-beam radiation exposure.  Additional radiation exposure causes the polymer chains to further break down, significantly changing the properties (and chemical composition) of the material.


9.13. [bookmark: _Toc146197807]Conclusion - Irradiated PTFE


9.13.1. Irradiated PTFE is useful in applications requiring the performance of PTFE but require additional flexibility than standard PTFE can provide.  Irradiated PTFE contains a small amount of all of the length of perfluorocarboxylates (PFOA family), but does not normally further degrade into PFOA (or similar) over time.





10. [bookmark: _Toc146197808]Expanded Polytetrafluoroethylene (ePTFE)


CAS # - 9002-84-0 (Same as PTFE)


10.1. [bookmark: _Toc146197809]Summary


10.1.1. ePTFE, or expanded polytetrafluoroethylene, is a woven version of PTFE which is soft, flexible, microporous, air permeable, and fluid impermeable. ePTFE is made from the same polymer as PTFE but expanded to create a porous structure. 


10.1.2. Either part of the expansion process creates similar polymer bond fracturing as irradiation or the powder size is reduced by irradiation before expansion - creating a low concentration of perfluorocarboxylates (PFOA family) normally in ePTFE (which is not normally found in unirradiated, and unexpanded PTFE).


10.1.3. Applications for ePTFE are generally applications requiring the passage of air or gas, but the blocking of water or other chemicals.  Gore-Tex is a common trade name for ePTFE. 


10.2. [bookmark: _Toc146197810]Low Friction


10.2.1. ePTFE has a very low static friction coefficient.


10.3. [bookmark: _Toc146197811]Chemical Resistance


10.3.1. ePTFE is highly resistant to a wide range of acids, including hydrochloric acid, sulfuric acid, and nitric acid.


10.3.2. ePTFE is highly resistant to a wide range of bases, including sodium hydroxide and potassium hydroxide. This makes it an ideal material for use in applications that involve the handling of basic liquids or gases, such as in the chemical and pharmaceutical industries.


10.4. [bookmark: _Toc146197812]Water Resistance


10.4.1. ePTFE is fluid impermeable while maintaining permeability to gas.


10.5. [bookmark: _Toc146197813]Oil Resistance


10.5.1. ePTFE is oleophobic (oil shedding) and strongly resistant to oils and stains.


10.6. [bookmark: _Toc146197814]Temperature Resistance


10.6.1. ePTFE has excellent temperature resistance with chemical inertness and temperature resistance ranging from -200 to 260 °C


10.7. [bookmark: _Toc146197815]Flexibility


10.7.1. ePTFE is very flexible and is useful in applications requiring more flexibility than standard PTFE offers.  However, it does not have the durability of PTFE in abrasive environments.


10.8. [bookmark: _Toc146197816]Forever Chemicals (initial)


10.8.1. ePTFE usually contains 100s of ppb of each of the perfluorocarboxylate (PFOA family).  The perfluorocarboxylates are randomly formed from chains fractured from the original long PTFE polymer chains from either the expanding process or from gamma (or e-beam) radiation used to rubberizes the micropowder feedstock of the ePTFE.


10.9. [bookmark: _Toc146197817]Forever Chemicals (over time)


10.9.1. ePTFE does not further degrade into further forever chemicals such as PFOA or PFOS.  e PTFE does not have the ether bond (C-O-C) that leads to degradation into PFOA related chemicals that can occur in other fluoropolymers (such as fluoroacrylate coatings or PFA polymers).  ePTFE has no natural degradation path into the PFOA family unless it is further irradiated.


10.10. [bookmark: _Toc146197818]Biocompatibility


10.10.1. ePTFE is highly biocompatible but it does release a small amount of the PFOA family.  ePTFE’s PFOA concentration is not normally high enough to require toxicological risk assessment, but PFOA has a measurable presence in biocompatibility extracts from ePTFE containing medical devices.


10.11. [bookmark: _Toc146197819]Low dielectric constant


10.11.1. ePTFE has a very low dielectric constant that does not change with temperature or frequency.  This property makes ePTFE an excellent insulator for electronic purposes.


10.12. [bookmark: _Toc146197820]Radiation Resistance


10.12.1. ePTFE is not suitable for gamma radiation or e-beam radiation exposure.  Additional radiation exposure causes the polymer chains to further break down, significantly changing the properties (and chemical composition) of the material.


10.13. [bookmark: _Toc146197821]Conclusion - ePTFE


10.13.1. ePTFE is useful in applications requiring the gas to be permeable with fluid impermeability.  ePTFE contains a small amount of all of the length of perfluorocarboxylates (PFOA family), but does not normally further degrade into PFOA (or similar) over time.


11. [bookmark: _Toc146197822]Polyfluoroacrylates


CAS # - Multiple (Example - 25087-17-6)


11.1. [bookmark: _Toc146197823]Summary


11.1.1. Polyfluoroacrylates are a group of polymers primarily formed from an acrylic (non-fluorinated) polymer backbone with side chain fluorotelomers connected by an ester bridge.


11.1.2. Example - 


11.1.3. [image: ]. 


11.1.4. Polyfluoroacrylates are used as coatings, primarily on fabric, to provide water repellency.  The ester bridge has a similar weak (low bond dissociation energy) C-O-C bond as polyfluoroxy alkane (PFA) polymer resulting in fracturing of the fluorinated side chain from the main polymer creating moderate concentrations of perfluorocarboxylates (PFOA family).  


11.1.5. A common usage of polyfluoroacrylates, outside of outerwear, is on the washing instructions or country of origin fabric tag in most clothing to maintain the quality of the written instructions over time. 


11.2. [bookmark: _Toc146197824]Low Friction


11.2.1. Polyfluoroacrylates have a very low static friction coefficient.


11.3. [bookmark: _Toc146197825]Chemical Resistance


11.3.1. Polyfluoroacrylates is highly resistant to a wide range of acids, including hydrochloric acid, sulfuric acid, and nitric acid.


11.3.2. Polyfluoroacrylates is highly resistant to a wide range of bases, including sodium hydroxide and potassium hydroxide.


11.4. [bookmark: _Toc146197826]Water Resistance


11.4.1. Polyfluoroacrylates are hydrophobic and strongly resistant to water.


11.5. [bookmark: _Toc146197827]Oil Resistance


11.5.1. Polyfluoroacrylates are oleophobic (oil shedding) and strongly resistant to oils and stains.


11.6. [bookmark: _Toc146197828]Temperature Resistance


11.6.1. Polyfluoroacrylates have excellent temperature resistance with chemical inertness and temperature resistance ranging from -200 to 260 °C


11.7. [bookmark: _Toc146197829]Flexibility


11.7.1. Polyfluoroacrylates are very flexible and maintain the flexibility of the fabric they are applied to.  However, they do not have the durability of PTFE in abrasive environments.


11.8. [bookmark: _Toc146197830]Forever Chemicals (initial)


11.8.1. Polyfluoroacrylates usually contain up to 1 ppm of each of the perfluorocarboxylate (PFOA family).  The perfluorocarboxylates are randomly formed from side chains fracturing during manufacturing and application.


11.9. [bookmark: _Toc146197831]Forever Chemicals (over time)


11.9.1. Polyfluoroacrylates do further degrade into further forever chemicals such as PFOA or PFOS as more of the side chain fluorochains fracture at the C-O-C bond.  The material would also be expected to lose some of its water and oil repellency over time as side chain fluorochains fracture from the acrylic polymer backbone.


11.10. [bookmark: _Toc146197832]Biocompatibility


11.10.1. Polyfluoroacrylates are reasonably biocompatible but they do release an amount of the PFOA family.  Polyfluoroacrylates PFOA concentration will often be high enough to require toxicological risk assessment.



11.10.2. Polyfluoroacrylates, like most acrylics, contain a small amount of acrylic monomer.  Most acrylic monomers are known human allergens and need to be evaluated in biocompatibility testing of a polyurethane material.


11.11. [bookmark: _Toc146197833]Low dielectric constant


11.11.1. Polyfluoroacrylates have a low dielectric constant that does not change with temperature or frequency.  This property makes Polyfluoroacrylates excellent insulators for electronic purposes.


11.12. [bookmark: _Toc146197834]Radiation Resistance


11.12.1. Polyfluoroacrylates are not suitable for gamma radiation or e-beam radiation exposure.  Additional radiation exposure causes the polymer chains to further break down, significantly changing the properties (and chemical composition) of the material and accelerating side chain fracturing.


11.13. [bookmark: _Toc146197835]Conclusion - Polyfluoroacrylates


11.13.1. Polyfluoroacrylates are very useful in applications requiring fluoropolymer performance (water / oil repellency, dielectric constant, or low friction) from a very thin coating (such as fabrics or small electronic components).  Polyfluoroacrylates contain an amount of all of the length of perfluorocarboxylates (PFOA family) and do further degrade into PFOA (or similar) over time.


11.13.2. For very harsh environmental conditions, other materials do not have the same level of hydrophobic or oleophobic performance.





12. [bookmark: _Toc146197836]Fluoroelastomers (FKM)


CAS # - multiple (example - ​​9011-17-0)


12.1. [bookmark: _Toc146197837]Summary


12.1.1. A fluoroelastomer is a fluorocarbon-based synthetic rubber.  Fluorine Kautschuk Material (FKM) fluoroelastomer all contain fluorovinyldiene monomer as a base material and do not contain the side change ether (C-O-C) fluoro chain of perfluoroelastomers (FFKM).


12.1.2. FKM can have variations in chemical structure.  This listing is to include all non-silicone, non-side chain fluoro vinyldiene based fluoro rubbers including phosphorus and nitrogen based fluoroelastomers (PNF).


12.2. [bookmark: _Toc146197838]Low Friction


12.2.1. FKM has a moderate static friction coefficient making FKM less useful in applications requiring low friction.


12.3. [bookmark: _Toc146197839]Chemical Resistance


12.3.1. FKM is resistant to a wide range of acids, including hydrochloric acid, sulfuric acid, and nitric acid but not as resistant as FFKM.


12.3.2. FKM is highly resistant to a wide range of bases, including sodium hydroxide and potassium hydroxide. This makes it an ideal material for use in applications that involve the handling of basic liquids or gases, such as in the chemical and pharmaceutical industries.


12.4. [bookmark: _Toc146197840]Water Resistance


12.4.1. FKM is strongly hydrophobic (water shedding). Water cannot readily wet out the surfaces and FKM maintains its water resistance even under moderate abrasion.


12.5. [bookmark: _Toc146197841]Oil Resistance


12.5.1. FKM is oleophobic (oil shedding) and strongly resistant to oils and stains.


12.6. [bookmark: _Toc146197842]Temperature Resistance


12.6.1. FKM has good temperature resistance with chemical inertness and temperature resistance ranging from -26 to 230 °C, but inferior to FFKM.


12.7. [bookmark: _Toc146197843]Flexibility


12.7.1. FKM is very flexible and very useful in sealing applications requiring flexibility or complete sealing.


12.7.2. FKM is also resistant to explosive decompression.


12.8. [bookmark: _Toc146197844]Forever Chemicals (initial)


12.8.1. FKM is commonly manufactured with an emulsion process that involves a C6 fluorosulphonate surfactant such as the Capstone family by Chemours. These complex surfactants degrade into 6:2 fluorotelomer sulphonate (6:2 FTS) up to 100 ppm in the FKM, and to small concentrations (<100 ppb) of C4-C7 short chain fluorocarboxylates (PFHpA and smaller).  


12.8.2. Technically, these are not currently classified as PBT or vPvB in the EU, but are very similar to substances that meet that classification and would be regulated under the proposed EU PFAS restrictions.


12.8.3. The C6 fluorosurfactants used in FKM manufacturing could likely be phased out, but it would take time and validation.


12.9. [bookmark: _Toc146197845]Forever Chemicals (over time)


12.9.1. FKM does not degrade significantly further into forever chemicals.  Further amounts of the 6:2 FTS fluorotelomer sulphonate would be expected to further degrade into shorter chain perfluorocarboxylates but that would only change the concentrations of the fluoro salts in the FKM materials.


12.10. [bookmark: _Toc146197846]Biocompatibility


12.10.1. FKM is reasonably biocompatible but FKM does release an amount of the PFOA family and a reasonable amount of 6:2 FTS.  Neither should be high enough to require a toxicological justification.


12.11. [bookmark: _Toc146197847]Low dielectric constant


12.11.1. FKM has good dielectric and insulating properties, but these properties do vary with temperature.


12.12. [bookmark: _Toc146197848]Radiation Resistance


12.12.1. FKM is not suitable for gamma radiation or e-beam radiation exposure.  Radiation exposure causes the polymer chains to break down, significantly changing the properties (and chemical composition) of the material.


12.13. [bookmark: _Toc146197849]Conclusion - FKM


12.13.1. FKM is a very important fluororubber for chemical seals and requirements requiring rubber with very high chemical resistance and flexibility.


12.13.2. The standard process for manufacturing FKM commonly involves a C6 surfactant that degrades into 6:2 FTS and short chain perfluorocarboxylates (short chain members of the PFOA family).  This surfactant is likely replaceable in the manufacturing process, but will take time.  Bisphenol AF (another PFAS) is commonly used as a cross linking agend for FKM.  Approved FKM derogations will also require derogations for these chemicals in FKM.





13. [bookmark: _Toc146197850]Perfluoroelastomers (FFKM)


CAS # - multiple (example - ​​26425-79-6)


13.1. [bookmark: _Toc146197851]Summary


13.1.1. Perfluoroelastomeric compounds contain a higher amount of fluorine than FKM fluoroelastomers.  FFKM perfluoroelastomers all contain fluorovinyldiene monomer as a base material but, unlikely FKM, do contain a side chain ether (C-O-C) connected to an additional fluorochain.  Perfluoroelastomers generally exhibit higher compression set values and are the most expensive of all elastomers.


13.1.2. FFKM can have variations in chemical structure similar to variations in FKM.


13.2. [bookmark: _Toc146197852]Low Friction


13.2.1. FFKM has a moderate static friction coefficient making FFKM less useful in applications requiring very low friction.


13.3. [bookmark: _Toc146197853]Chemical Resistance


13.3.1. FFKM is resistant to a wide range of acids, including hydrochloric acid, sulfuric acid, and nitric acid but not as resistant as FFKM.


13.3.2. FFKM is highly resistant to a wide range of bases, including sodium hydroxide and potassium hydroxide. This makes it an ideal material for use in applications that involve the handling of basic liquids or gases, such as in the chemical and pharmaceutical industries.


13.4. [bookmark: _Toc146197854]Water Resistance


13.4.1. FFKM is strongly hydrophobic (water shedding). Water cannot readily wet out the surfaces and FKM maintains its water resistance even under moderate abrasion.


13.5. [bookmark: _Toc146197855]Oil Resistance


13.5.1. FFKM is oleophobic (oil shedding) and strongly resistant to oils and stains.


13.6. [bookmark: _Toc146197856]Temperature Resistance


13.6.1. FFKM has excellent temperature resistance with chemical inertness and temperature resistance ranging from -50 to 330 °C


13.7. [bookmark: _Toc146197857]Flexibility


13.7.1. FFKM is very flexible and very useful in sealing applications requiring flexibility or complete sealing.


13.8. [bookmark: _Toc146197858]Forever Chemicals (initial)


13.8.1. FFKM is commonly manufactured with an emulsion process that involves a C6 fluorosulphonate surfactant such as the Capstone family by Chemours. These complex surfactants degrade into 6:2 fluorotelomer sulphonate (6:2 FTS) up to 100 ppm in the FKM, and to small concentrations (<100 ppb) of C4-C7 short chain fluorocarboxylates (PFHpA and smaller).  





13.8.2. The C6 fluorosurfactants used in FKM manufacturing could likely be phased out, but it would take time and validation.


13.8.3. FFKM commonly has a side change fluorochain connected by a C-O-C ether bond.  This bond will fracture contributing additional short chain fluorocarboxylates (shorter versions of PFOA family).


[image: ]


13.9. [bookmark: _Toc146197859]Forever Chemicals (over time)


13.9.1. FFKM has C-O-C side chains that will degrade into shorter chain perfluorocarboxylates (shorter version of PFOA family), however these are expected to be very short chain and only contribute marginally to the short chain perfluorocarboxylates present initial from the degradation of the C6 surfactant commonly used in manufacturing of FFKM.  Further amounts of the 6:2 FTS fluorotelomer sulphonate would be expected to further degrade into shorter chain perfluorocarboxylates but that would only change the concentrations of the fluoro salts in the FKM materials.  


13.10. [bookmark: _Toc146197860]Biocompatibility


13.10.1. FFKM is reasonably biocompatible but they do release an amount of the PFOA family and a reasonable amount of 6:2 FTS.  Neither should be high enough to require a toxicological justification.


13.11. [bookmark: _Toc146197861]Low dielectric constant


13.11.1. FFKM has good dielectric and insulating properties with little variation over temperature.


13.12. [bookmark: _Toc146197862]Radiation Resistance


13.12.1. FFKM is not suitable for gamma radiation or e-beam radiation exposure.  Radiation exposure causes the polymer chains to break down, significantly changing the properties (and chemical composition) of the material.


13.13. [bookmark: _Toc146197863]Conclusion - FFKM


13.13.1. FKM is a very important high performance fluororubber for chemical seals and requirements requiring rubber with extreme chemical resistance, temperature resistance, and/or flexibility.


13.13.2. The standard process for manufacturing FFKM commonly involves a C6 surfactant that degrades into 6:2 FTS and short chain perfluorocarboxylates (short chain members of the PFOA family).  This surfactant is likely replaceable in the manufacturing process, but will take time.  Bisphenol AF (another PFAS) is commonly used as a cross linking agend for FFKM.   Approved FFKM derogations will also require derogations for these chemicals in FFKM.





14. [bookmark: _Toc146197864]Polyvinyldienefluoride (PVDF)


CAS # - 24937-79-9


14.1. [bookmark: _Toc146197865]Summary


14.1.1. Polyvinylidene fluoride or polyvinylidene difluoride (PVDF) is a highly non-reactive thermoplastic fluoropolymer produced by the polymerization of vinylidene difluoride.


14.1.2. PVDF is commonly used as a specialty plastic for piping, sheet, tubing, and films.  PVDF powder is common in outdoor paints.  PVDF is also used as the cathode binder in lithium batteries and supercapacitors.


14.1.3. Note - irradiated PVDF is a more flexible version of PVDF caused by gamma or e-beam radiation of a PVDF polymer.  Irradiated PVDF does not have a separate listing in this document, but does undergo the same formation of perfluorocarboxylates (PFOA family) as irradiated PTFE.


14.2. [bookmark: _Toc146197866]Low Friction


14.2.1. PVDF has a low static friction coefficient, but higher than PTFE.


14.3. [bookmark: _Toc146197867]Chemical Resistance


14.3.1. PVDF is highly resistant to a wide range of acids, including hydrochloric acid, sulfuric acid, and nitric acid.


14.3.2. PVDF is highly resistant to a wide range of bases, including sodium hydroxide and potassium hydroxide. This makes it an ideal material for use in applications that involve the handling of basic liquids or gases, such as in the chemical and pharmaceutical industries.


14.4. [bookmark: _Toc146197868]Water Resistance


14.4.1. PVDF is strongly hydrophobic (water shedding). Water cannot readily wet out the surfaces


14.5. [bookmark: _Toc146197869]Oil Resistance


14.5.1. PVDF is oleophobic (oil shedding) and strongly resistant to oils and stains.


14.6. [bookmark: _Toc146197870]Temperature Resistance


14.6.1. PVDF has decent temperature resistance with chemical inertness and temperature resistance ranging from -20 to 140 °C, but inferior to PTFE or PFA.


14.7. [bookmark: _Toc146197871]Flexibility


14.7.1. PVDF is only moderately flexible and requires irradiation to be fully flexible.


14.8. [bookmark: _Toc146197872]Forever Chemicals (initial)


14.8.1. Unirradiated PVDF does not initially contain any PFOA or PFOS family of chemicals.  Irradiated PVDF contains similar perfluorocarboxylate (PFOA family) concentrations (100 of ppb of each) as irradiated PTFE.


14.9. [bookmark: _Toc146197873]Forever Chemicals (over time)


14.9.1. PVDF does not degrade into forever chemicals such as PFOA or PFOS.  PVDF does not have the ether bond (C-O-C) that leads to degradation into PFOA related chemicals that can occur in other fluoropolymers (such as fluoroacrylate coatings or PFA polymers).


14.10. [bookmark: _Toc146197874]Biocompatibility


14.10.1. PVDF is highly biocompatible and does not normally release any substance that would require toxicological evaluation for invasive or implantable medical devices.


14.11. [bookmark: _Toc146197875]Low dielectric constant


14.11.1. PVDF has a moderate dielectric constant and is not as useful as PTFE for electrical applications requiring insulation.


14.12. [bookmark: _Toc146197876]Radiation Resistance


14.12.1. PVDF shows good resistance to gamma and e-beam radiation, but less than PEEK.


14.12.2. Irradiated PVDF is PVDF irradiated in a controlled manner to reduce the durometer (‘rubberize’) of the PVDF polymer.  However, irradiation of PVDF also creates small concentrations of the PFOA family of various lengths.


14.13. [bookmark: _Toc146197877]Conclusion - PVDF


14.13.1. Standard PVDF (unirradiated) is one of the safety polymers available with no forever chemicals and excellent biocompatibility.  PVDF has performance characteristics than PTFE and each is often used in applications that are not as suitable for the other fluoropolymer.








15. [bookmark: _Toc146197878]Nitrile Rubber (NBR)


CAS # - 9003-18-3





15.1. [bookmark: _Toc146197879]Summary


15.1.1. Nitrile rubber, also known as nitrile butadiene rubber, NBR, Buna-N, and acrylonitrile butadiene rubber, is a synthetic rubber derived from acrylonitrile and butadiene.


15.1.2. Nitrile rubber has many different compositions and is one of the most common gasket and sealing materials.


15.1.3. Nitrile rubber is not a PFAS substance, and is included in this report as a potential substitute.


15.2. [bookmark: _Toc146197880]Low Friction


15.2.1. Nitrile rubber has a high coefficient of static friction and is not suitable for most applications requiring low friction.


15.3. [bookmark: _Toc146197881]Chemical Resistance


15.3.1. Nitrile rubber is not resistant to a wide range of acids, including hydrochloric acid, sulfuric acid, acetic acid, and nitric acid.


15.3.2. Nitrile rubber is somewhat resistant to alkaline substances (bases).  Nitrile rubber is not suitable for applications requiring strong caustic resistance.


15.4. [bookmark: _Toc146197882]Water Resistance


15.4.1. Nitrile rubber is strongly resistant to water.


15.5. [bookmark: _Toc146197883]Oil Resistance


15.5.1. Nitrile rubber is oleophobic (oil shedding) and strongly resistant to oils and stains.


15.6. [bookmark: _Toc146197884]Temperature Resistance


15.6.1. Nitrile rubber has decent temperature resistance with chemical inertness and temperature resistance ranging from -20 to 120 °C, but inferior to PTFE or PFA.


15.7. [bookmark: _Toc146197885]Flexibility


15.7.1. Many grades of nitrile rubber have very high flexibility.  Nitrile rubber can be manufactured, depending on additives, to a wide range of flexibilities.


15.8. [bookmark: _Toc146197886]Forever Chemicals (initial)


15.8.1. Nitrile rubber does not contain any PFOA or PFOS family of chemicals. 


15.9. [bookmark: _Toc146197887]Forever Chemicals (over time)


15.9.1. Nitrile rubber does not degrade into forever chemicals such as PFOA or PFOS.  


15.10. [bookmark: _Toc146197888]Biocompatibility


15.10.1. Nitrile rubber can be manufactured in both biocompatible and non-biocompatible forms.  There are standard tests for biocompatibility of nitrile rubber.


15.10.2. Nitrile rubber can contain a range of regulated chemicals including orthophthalates (such as DEHP), chlorinated paraffins (such as SCCP), and vulcanizers / allergens (such as ETU).  Care has to be taken in choosing nitrile rubber for medical applications.


15.10.3. Some vulcanizers in nitrile rubber degrade in nitrogen environments into nitrosamines, making nitrile rubber a risk material in pharmaceutical manufacturing.


15.11. [bookmark: _Toc146197889]Low dielectric constant


15.11.1. Nitrile has a high dielectric constant and is not as useful as PTFE for electrical applications requiring insulation.


15.12. [bookmark: _Toc146197890]Radiation Resistance


15.12.1. Nitrile rubber is not suitable for gamma radiation or e-beam radiation exposure.  Radiation exposure causes the polymer chains to break down, 


15.13. [bookmark: _Toc146197891]Conclusion - Nitrile rubber


15.13.1. Nitrile rubber is a common cheap rubber, but does not have the specialized friction, temperature, chemical resistance, or dielectric properties of most fluoropolymers.


15.13.2. Degradation of some of the vulcanizers used in nitrile rubber is also of concern because of its tendency to create nitrosamines.








16. [bookmark: _Toc146197892]Ethylene propylene diene monomer rubber (EPDM)


CAS # - Multiple (example - 25034-71-3)





16.1. [bookmark: _Toc146197893]Summary


16.1.1. EPDM is made from ethylene, propylene, and a diene comonomer that is normally crosslinked via sulfur vulcanization


16.1.2. EPDM has many different compositions and is one of the most common rubber materials.


16.1.3. EPDM is not a PFAS substance, and is included in this report as a potential substitute.


16.2. [bookmark: _Toc146197894]Low Friction


16.2.1. EPDM has a high coefficient of static friction and is not suitable for most applications requiring low friction.


16.3. [bookmark: _Toc146197895]Chemical Resistance


16.3.1. EPDM is somewhat resistant acids, including hydrochloric acid, sulfuric acid, acetic acid, and nitric acid.


16.3.2. EPDM has good resistance to alkaline substances (bases). 


16.4. [bookmark: _Toc146197896]Water Resistance


16.4.1. EPDM is strongly resistant to water.


16.5. [bookmark: _Toc146197897]Oil Resistance


16.5.1. EPDM is not resistant to most oils and degrades quickly.


16.6. [bookmark: _Toc146197898]Temperature Resistance


16.6.1. EPDM has decent temperature resistance with chemical inertness and temperature resistance ranging from -50 to 140 °C, but inferior to PTFE or PFA.


16.7. [bookmark: _Toc146197899]Flexibility


16.7.1. Many grades of EPDM have very high flexibility.  EPDM can be manufactured, depending on additives, to a wide range of flexibilities.


16.8. [bookmark: _Toc146197900]Forever Chemicals (initial)


16.8.1. EPDM does not contain any PFOA or PFOS family of chemicals. 


16.9. [bookmark: _Toc146197901]Forever Chemicals (over time)


16.9.1. EPDM does not degrade into forever chemicals such as PFOA or PFOS.  


16.10. [bookmark: _Toc146197902]Biocompatibility


16.10.1. EPDM can be manufactured in both biocompatible and non-biocompatible forms.  There are standard tests for biocompatibility of nitrile rubber.


16.10.2. EPDM can contain a range of regulated chemicals including vulcanizers / allergens (such as ETU).  Care has to be taken in choosing EPDM for medical applications.


16.10.3. Some vulcanizers in EPDM degrade in nitrogen environments into nitrosamines, making nitrile rubber a risk material in pharmaceutical manufacturing.


16.11. [bookmark: _Toc146197903]Low dielectric constant


16.11.1. EPDM has a moderate dielectric constant and is not as useful as PTFE for electrical applications requiring insulation.


16.12. [bookmark: _Toc146197904]Radiation Resistance


16.12.1. EDPM has reasonable radiation resistance and is useful in some applications requiring radiation resistance. 


16.13. [bookmark: _Toc146197905]Conclusion - EPDM


16.13.1. EPDM is a common rubber, but does not have all the specialized friction, temperature, or dielectric properties of most fluoropolymers.


16.13.2. Degradation of some of the vulcanizers used in EPDM is also of concern because of its tendency to create nitrosamines.








17. [bookmark: _Toc146197906]Stainless steel


CAS # - 65997-19-5





17.1. [bookmark: _Toc146197907]Summary


17.1.1. Stainless steel, also known as inox or corrosion-resistant steel, is an alloy of iron that is resistant to rusting and corrosion. It contains at least 10.5% chromium and usually nickel, and may also contain other elements, such as carbon, to obtain the desired properties. 


17.1.2. The alloy's properties, such as luster and resistance to corrosion, are useful in many applications. Stainless steel can be rolled into sheets, plates, bars, wire, and tubing. These can be used in cookware, cutlery, surgical instruments, major appliances, vehicles, construction material in large buildings, industrial equipment (e.g., in paper mills, chemical plants, water treatment), and storage tanks and tankers for chemicals and food products


17.2. [bookmark: _Toc146197908]Low Friction


17.2.1. Stainless steel has a high coefficient of static friction and is not suitable for most applications requiring low friction.


17.3. [bookmark: _Toc146197909]Chemical Resistance


17.3.1. Stainless steel is resistant to moderate acids.  Some grades are more acid resistance than others, but most grades are not resistant to concentrated acids in particular hydrochloric acid.


17.3.2. Stainless has decent resistance to alkaline substances (bases). 


17.4. [bookmark: _Toc146197910]Water Resistance


17.4.1. Stainless steel is strongly resistant to water.


17.5. [bookmark: _Toc146197911]Oil Resistance


17.5.1. Stainless steel is strongly resistant to oils.


17.6. [bookmark: _Toc146197912]Temperature Resistance


17.6.1. Stainless has excellent temperature resistance with chemical inertness and temperature resistance ranging from -200 to 800 °C.  No standard polymer has even close to the same temperature resistance.


17.7. [bookmark: _Toc146197913]Flexibility


17.7.1. Stainless steel has very poor flexibility or compression.


17.8. [bookmark: _Toc146197914]Forever Chemicals (initial)


17.8.1. Stainless steel has no forever chemicals such as PFOA or PFOS.


17.9. [bookmark: _Toc146197915]Forever Chemicals (over time)


17.9.1. Stainless does not degrade into forever chemicals such as PFOA or PFOS.  


17.10. [bookmark: _Toc146197916]Biocompatibility


17.10.1. Stainless steel has excellent biocompatibility.  However, its cobalt content often requires justification for the EU Medical Device Regulation (EU MDR) and stainless steel’s nickel content is an allergen.  Neither cobalt or nickel normally extract from stainless steel during testing.


17.11. [bookmark: _Toc146197917]Low dielectric constant


17.11.1. Stainless steel is conductive and is not useful for electrical applications requiring insulation.


17.12. [bookmark: _Toc146197918]Radiation Resistance


17.12.1. Stainless steel has excellent radiation resistance and is useful in most applications requiring radiation resistance. 


17.13. [bookmark: _Toc146197919]Conclusion - Stainless Steel


17.13.1. Stainless steel is a safe incompressible material.  It is not a suitable substitute for fluoropolymer applications requiring insulation, flexibility, acid resistance, compressibility, or low weight.





18. [bookmark: _Toc146197920]Fluorosilicone Rubber


CAS # - 63148-56-1


18.1. [bookmark: _Toc146197921]Summary


18.1.1. Fluorosilicone rubber (also known as fluorinated silicone rubber or FVMQ) is a widely used synthetic elastomer that can be used in a wide range of applications.  The mechanical and physical properties of fluorosilicone are very similar to that of silicone rubber, but fluorosilicone rubber offers improved resistance to fuel and mineral oils, while possessing poorer resistance to heated air and gases.


18.1.2. Fluorosilicone can have a varying range of fluorine concentration.


18.2. [bookmark: _Toc146197922]Low Friction


18.2.1. Fluorosilicone rubber has a moderate coefficient of static friction and is not generally useful in situations requiring very low friction.  


18.3. [bookmark: _Toc146197923]Chemical Resistance


18.3.1. Fluorosilicone rubber is moderately resistant to acids.


18.3.2. Fluorosilicone rubber has only decent resistance to bases and other alkali materials.


18.4. [bookmark: _Toc146197924]Water Resistance


18.4.1. Fluorosilicone rubber is highly water resistant.


18.5. [bookmark: _Toc146197925]Oil Resistance


18.5.1. Fluorosilicone rubber has excellent resistance to oils.


18.6. [bookmark: _Toc146197926]Temperature Resistance


18.6.1. Fluorosilicone rubber has excellent thermal range and can be used continuously up to 300 °C


18.7. [bookmark: _Toc146197927]Flexibility


18.7.1. Fluorosilicone rubber is very flexible and is suitable for applications requiring significant flexibility.


18.8. [bookmark: _Toc146197928]Forever Chemicals (initial)


18.8.1. Fluorosilicone rubber commonly has high concentrations of classified D4, D5, and D6 chemicals. 


18.8.2. D6 is also scheduled for restriction under the UN Stockholm Convention on Persistent Organic Pollutant, making silicone a poor potential replacement for fluoropolymers.


18.9. [bookmark: _Toc146197929]Forever Chemicals (over time)


18.9.1. Fluorosilicone rubber does degrade further over time (slowly) in D4, D5, and D6 siloxanes (forever chemicals).


18.10. [bookmark: _Toc146197930]Biocompatibility


18.10.1. Silicone rubber has reasonable biocompatibility but silicone rubber does generally release substances that require toxicological evaluation for invasive or implantable medical devices.  It is common for medical devices using silicone rubber parts to have to conduct toxicological risk assessment of the D6 (and similar siloxanes) that are released from the silicone rubber parts.


18.11. [bookmark: _Toc146197931]Low dielectric constant


18.11.1. Fluorosilicone rubber has a decently low dielectric constant but not sufficiently low for many electrical insulation applications.


18.12. [bookmark: _Toc146197932]Radiation Resistance


18.12.1. Fluorosilicone rubber has poor resistance to gamma and e-beam radiation, and degrades into siloxane monomers.


18.13. [bookmark: _Toc146197933]Conclusion - Fluorosilicone rubber


18.13.1. Fluorosilicone rubber provides performance advances over silicon rubber in some specialized applications in particular applications requiring oil resistance. 
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8.	C4a - PTFE and ETFE for electrical insulation	34
8.1.	Text for derogation	34
8.2.	Alternative text	34
8.3.	Use and Functionality	34
8.4.	Substitutes / Alternatives	34
8.5.	Forever Chemicals	35
8.6.	Number of companies affected	35
8.7.	Annual Tonnage	35
8.8.	Timeline Requested	35
9.	C4b - Fluoroelastomers for electrical insulation	35
9.1.	Text for derogation	35
9.2.	Alternative text	35
9.3.	Use and Functionality	35
9.4.	Substitutes / Alternatives	36
9.5.	Forever Chemicals	36
9.6.	Number of companies affected	36
9.7.	Annual Tonnage	36
9.8.	Timeline Requested	36
10.	C5a - Fluoropolymers in invasive / implantable devices	37
10.1.	Text for derogation	37
10.2.	Alternative text	37
10.3.	Use and Functionality	37
10.4.	Substitutes / Alternatives	37
10.5.	Forever Chemicals	38
10.6.	Number of companies affected	38
10.7.	Annual Tonnage	38
10.8.	Timeline Requested	38
11.	C5b - Fluoroelastomers in invasive / implantable devices	38
11.1.	Text for derogation	38
11.2.	Alternative text	38
11.3.	Use and Functionality	38
11.4.	Substitutes / Alternatives	39
11.5.	Forever Chemicals	40
11.6.	Number of companies affected	40
11.7.	Annual Tonnage	40
11.8.	Timeline Requested	40
12.	C6a - PTFE additive to plastics for wear reduction	40
12.1.	Text for derogation	40
12.2.	Alternative text	40
12.3.	Use and Functionality	40
12.4.	Substitutes / Alternatives	41
12.5.	Forever Chemicals	41
12.6.	Number of companies affected	41
12.7.	Annual Tonnage	41
12.8.	Timeline Requested	41
13.	C6b - PTFE, ETFE, and PCTFE for low friction parts and chemical inertness	42
13.1.	Text for derogation	42
13.2.	Alternative text	42
13.3.	Use and Functionality	42
13.4.	Substitutes / Alternatives	42
13.5.	Forever Chemicals	43
13.6.	Number of companies affected	43
13.7.	Annual Tonnage	43
13.8.	Timeline Requested	43
14.	C7 - PTFE, ETFE, PFA, PVDF, and FEP as a wire insulator.	43
14.1.	Text for derogation	43
14.2.	Alternative text	43
14.3.	Use and Functionality	43
14.4.	Substitutes / Alternatives	44
14.5.	Forever Chemicals	44
14.6.	Number of companies affected	45
14.7.	Annual Tonnage	45
14.8.	Timeline Requested	45
15.	C8a - Fluoroacrylic coatings for fabrics for safety reasons	45
15.1.	Text for derogation	45
15.2.	Alternative text	45
15.3.	Use and Functionality	45
15.4.	Substitutes / Alternatives	45
15.5.	Forever Chemicals	46
15.6.	Number of companies affected	46
15.7.	Annual Tonnage	46
15.8.	Timeline Requested	46
16.	C8b - Fluoroacrylic coatings for fabrics for protection of medical devices	46
16.1.	Text for derogation	46
16.2.	Alternative text	46
16.3.	Use and Functionality	47
16.4.	Substitutes / Alternatives	47
16.5.	Forever Chemicals	47
16.6.	Number of companies affected	47
16.7.	Annual Tonnage	48
16.8.	Timeline Requested	48
17.	C9 - PTFE and PVDF filter membranes	48
17.1.	Text for derogation	48
17.2.	Alternative text	48
17.3.	Use and Functionality	48
17.4.	Substitutes / Alternatives	48
17.5.	Forever Chemicals	49
17.6.	Number of companies affected	49
17.7.	Annual Tonnage	49
17.8.	Timeline Requested	49
18.	C10 - PTFE Additive in Grease	49
18.1.	Text for derogation	49
18.2.	Alternative text	50
18.3.	Use and Functionality	50
18.4.	Substitutes / Alternatives	50
18.5.	Forever Chemicals	50
18.6.	Number of companies affected	50
18.7.	Annual Tonnage	50
18.8.	Timeline Requested	50
19.	C11 - PTFE coatings for cookware	51
19.1.	Text for derogation	51
19.2.	Alternative text	51
19.3.	Use and Functionality	51
19.4.	Substitutes / Alternatives	51
19.5.	Forever Chemicals	51
19.6.	Number of companies affected	52
19.7.	Annual Tonnage	52
19.8.	Timeline Requested	52
20.	C11b - PTFE coatings for chemical containers	52
20.1.	Text for derogation	52
20.2.	Alternative text	52
20.3.	Use and Functionality	52
20.4.	Substitutes / Alternatives	53
20.5.	Forever Chemicals	53
20.6.	Number of companies affected	53
20.7.	Annual Tonnage	53
20.8.	Timeline Requested	53
21.	C12a - Fluoroelastomers for seals	53
21.1.	Text for derogation	53
21.2.	Alternative text	54
21.3.	Use and Functionality	54
21.4.	Substitutes / Alternatives	54
21.5.	Forever Chemicals	55
21.6.	Number of companies affected	55
21.7.	Annual Tonnage	55
21.8.	Timeline Requested	55
22.	C12b - Fluoroelastomers for seals in water and food contact	55
22.1.	Text for derogation	55
22.2.	Alternative text	55
22.3.	Use and Functionality	55
22.4.	Substitutes / Alternatives	56
22.5.	Forever Chemicals	56
22.6.	Number of companies affected	57
22.7.	Annual Tonnage	57
22.8.	Timeline Requested	57
23.	C13 - PTFE tape for sealing	57
23.1.	Text for derogation	57
23.2.	Alternative text	57
23.3.	Use and Functionality	57
23.4.	Substitutes / Alternatives	58
23.5.	Forever Chemicals	58
23.6.	Number of companies affected	58
23.7.	Annual Tonnage	58
23.8.	Timeline Requested	58
24.	C13b - PTFE Tape for Friction Reduction	59
24.1.	Text for derogation	59
24.2.	Alternative text	59
24.3.	Use and Functionality	59
24.4.	Substitutes / Alternatives	59
24.5.	Forever Chemicals	59
24.6.	Number of companies affected	60
24.7.	Annual Tonnage	60
24.8.	Timeline Requested	60
25.	C14 - Fluorosilicone release paper	61
25.1.	Text for derogation	61
25.2.	Alternative text	61
25.3.	Use and Functionality	61
25.4.	Substitutes / Alternatives	61
25.5.	Forever Chemicals	61
25.6.	Number of companies affected	62
25.7.	Annual Tonnage	62
25.8.	Timeline Requested	62
26.	C16 - Fluorocoating of seals	62
26.1.	Text for derogation	62
26.2.	Alternative text	62
26.3.	Use and Functionality	62
26.4.	Substitutes / Alternatives	63
26.5.	Forever Chemicals	63
26.6.	Number of companies affected	63
26.7.	Annual Tonnage	63
26.8.	Timeline Requested	63
27.	C17 - PTFE/PFA coating of metal for environmental resistance	63
27.1.	Text for derogation	63
27.2.	Alternative text	63
27.3.	Use and Functionality	63
27.4.	Substitutes / Alternatives	64
27.5.	Forever Chemicals	64
27.6.	Number of companies affected	64
27.7.	Annual Tonnage	64
27.8.	Timeline Requested	64
28.	C18 - Fluorocoating of metal for wear resistance	64
28.1.	Text for derogation	64
28.2.	Alternative text	65
28.3.	Use and Functionality	65
28.4.	Substitutes / Alternatives	65
28.5.	Forever Chemicals	65
28.6.	Number of companies affected	65
28.7.	Annual Tonnage	65
28.8.	Timeline Requested	65
29.	C19 - Fluoropolymers in hoses	66
29.1.	Text for derogation	66
29.2.	Alternative text	66
29.3.	Use and Functionality	66
29.4.	Substitutes / Alternatives	66
29.5.	Forever Chemicals	67
29.6.	Number of companies affected	67
29.7.	Annual Tonnage	67
29.8.	Timeline Requested	67
30.	C20 - Fluoropolymers in/on labels	67
30.1.	Text for derogation	67
30.2.	Alternative text	67
30.3.	Use and Functionality	67
30.4.	Substitutes / Alternatives	68
30.5.	Forever Chemicals	68
30.6.	Number of companies affected	68
30.7.	Annual Tonnage	68
30.8.	Timeline Requested	68
31.	C21 - Fluoropolymers tubing	68
31.1.	Text for derogation	68
31.2.	Alternative text	69
31.3.	Use and Functionality	69
31.4.	Substitutes / Alternatives	69
31.5.	Forever Chemicals	70
31.6.	Number of companies affected	70
31.7.	Annual Tonnage	70
31.8.	Timeline Requested	70
32.	C22 - Heat transfer fluids	70
32.1.	Text for derogation	70
32.2.	Alternative text	71
32.3.	Use and Functionality	71
32.4.	Substitutes / Alternatives	71
32.5.	Forever Chemicals	71
32.6.	Number of companies affected	71
32.7.	Annual Tonnage	71
32.8.	Timeline Requested	71
33.	C23a - PVDF and PTFE in batteries	71
33.1.	Text for derogation	71
33.2.	Alternative text	71
33.3.	Use and Functionality	72
33.4.	Substitutes / Alternatives	72
33.5.	Forever Chemicals	72
33.6.	Number of companies affected	72
33.7.	Annual Tonnage	72
33.8.	Timeline Requested	72
34.	C23b - Fluoropolymers in capacitors	72
34.1.	Text for derogation	72
34.2.	Alternative text	73
34.3.	Use and Functionality	73
34.4.	Substitutes / Alternatives	73
34.5.	Forever Chemicals	73
34.6.	Number of companies affected	73
34.7.	Annual Tonnage	73
34.8.	Timeline Requested	73
35.	C24 - Lubrication of internal wires	73
35.1.	Text for derogation	73
35.2.	Alternative text	73
35.3.	Use and Functionality	74
35.4.	Substitutes / Alternatives	74
35.5.	Forever Chemicals	74
35.6.	Number of companies affected	74
35.7.	Annual Tonnage	74
35.8.	Timeline Requested	74
36.	C25 - Surfactant in assays	75
36.1.	Text for derogation	75
36.2.	Alternative text	75
36.3.	Use and Functionality	75
36.4.	Substitutes / Alternatives	75
36.5.	Forever Chemicals	75
36.6.	Number of companies affected	75
36.7.	Annual Tonnage	75
36.8.	Timeline Requested	75
37.	C26 - PTFE Coating of Rubber for Biotechnology	76
37.1.	Text for derogation	76
37.2.	Alternative text	76
37.3.	Use and Functionality	76
37.4.	Substitutes / Alternatives	76
37.5.	Forever Chemicals	76
37.6.	Number of companies affected	76
37.7.	Annual Tonnage	76
37.8.	Timeline Requested	77
38.	C27 - Products for Training or Simulation	77
38.1.	Text for derogation	77
38.2.	Alternative text	77
38.3.	Use and Functionality	77
38.4.	Substitutes / Alternatives	77
38.5.	Forever Chemicals	77
38.6.	Number of companies affected	78
38.7.	Annual Tonnage	78
38.8.	Timeline Requested	78
39.	C28 - Fluorinated polyethylene for chemical storage	78
39.1.	Text for derogation	78
39.2.	Alternative text	78
39.3.	Use and Functionality	78
39.4.	Substitutes / Alternatives	78
39.5.	Forever Chemicals	79
39.6.	Number of companies affected	79
39.7.	Annual Tonnage	79
39.8.	Timeline Requested	79
40.	C29 - ePTFE seals	79
40.1.	Text for derogation	79
40.2.	Alternative text	79
40.3.	Use and Functionality	79
40.4.	Substitutes / Alternatives	80
40.5.	Forever Chemicals	80
40.6.	Number of companies affected	80
40.7.	Annual Tonnage	80
40.8.	Timeline Requested	80
41.	C31a - Fluoro acrylate side chain coatings for antismudge	80
41.1.	Text for derogation	80
41.2.	Alternative text	80
41.3.	Use and Functionality	81
41.4.	Substitutes / Alternatives	81
41.5.	Forever Chemicals	81
41.6.	Number of companies affected	82
41.7.	Annual Tonnage	82
41.8.	Timeline Requested	82
42.	C31b - Fluorosilicone and nano fluoro coatings for antismudge	82
42.1.	Text for derogation	82
42.2.	Alternative text	82
42.3.	Use and Functionality	82
42.4.	Substitutes / Alternatives	83
42.5.	Forever Chemicals	83
42.6.	Number of companies affected	83
42.7.	Annual Tonnage	83
42.8.	Timeline Requested	83
43.	C32a - Fluoropolymer seals and spacers	83
43.1.	Text for derogation	83
43.2.	Alternative text	83
43.3.	Use and Functionality	84
43.4.	Substitutes / Alternatives	84
43.5.	Forever Chemicals	84
43.6.	Number of companies affected	84
43.7.	Annual Tonnage	84
43.8.	Timeline Requested	85
44.	C32b - PFA seals	85
44.1.	Text for derogation	85
44.2.	Alternative text	85
44.3.	Use and Functionality	85
44.4.	Substitutes / Alternatives	85
44.5.	Forever Chemicals	85
44.6.	Number of companies affected	86
44.7.	Annual Tonnage	86
44.8.	Timeline Requested	86
45.	C33 - PVDF and ETFE in circulation systems	86
45.1.	Text for derogation	86
45.2.	Alternative text	86
45.3.	Use and Functionality	86
45.4.	Substitutes / Alternatives	86
45.5.	Forever Chemicals	87
45.6.	Number of companies affected	87
45.7.	Annual Tonnage	87
45.8.	Timeline Requested	87
46.	C34 - PTFE for security protection of labels	87
46.1.	Text for derogation	87
46.2.	Alternative text	87
46.3.	Use and Functionality	87
46.4.	Substitutes / Alternatives	88
46.5.	Forever Chemicals	88
46.6.	Number of companies affected	88
46.7.	Annual Tonnage	88
46.8.	Timeline Requested	88
47.	C35 - Fluoroacrylate and PFA coatings for semiconductors	89
47.1.	Text for derogation	89
47.2.	Alternative text	89
47.3.	Use and Functionality	89
47.4.	Substitutes / Alternatives	89
47.5.	Forever Chemicals	89
47.6.	Number of companies affected	90
47.7.	Annual Tonnage	90
47.8.	Timeline Requested	90
48.	C36 - Fluoro sprays for industrial lubrication	90
48.1.	Text for derogation	90
48.2.	Alternative text	90
48.3.	Use and Functionality	90
48.4.	Substitutes / Alternatives	91
48.5.	Forever Chemicals	91
48.6.	Number of companies affected	91
48.7.	Annual Tonnage	91
48.8.	Timeline Requested	92
49.	C37 - Fluoro ionic fluids in capacitors	92
49.1.	Text for derogation	92
49.2.	Alternative text	92
49.3.	Use and Functionality	92
49.4.	Substitutes / Alternatives	92
49.5.	Forever Chemicals	92
49.6.	Number of companies affected	93
49.7.	Annual Tonnage	93
49.8.	Timeline Requested	93
50.	C38 - PFPE lubricants for harsh environments	93
50.1.	Text for derogation	93
50.2.	Alternative text	93
50.3.	Use and Functionality	93
50.4.	Substitutes / Alternatives	93
50.5.	Forever Chemicals	94
50.6.	Number of companies affected	94
50.7.	Annual Tonnage	94
50.8.	Timeline Requested	94
51.	C40 - Pefluorocarboxylates in PFA	94
51.1.	Text for derogation	94
51.2.	Alternative text	94
51.3.	Use and Functionality	94
51.4.	Substitutes / Alternatives	95
51.5.	Forever Chemicals	95
51.6.	Number of companies affected	95
51.7.	Annual Tonnage	95
51.8.	Timeline Requested	95
52.	C41 - Perfluorosulfonates in Fluoroelastomers	96
52.1.	Text for derogation	96
52.2.	Alternative text	96
52.3.	Use and Functionality	96
52.4.	Substitutes / Alternatives	96
52.5.	Forever Chemicals	96
52.6.	Number of companies affected	96
52.7.	Annual Tonnage	97
52.8.	Timeline Requested	97
53.	C43 - PVDF in ferroelectric films	97
53.1.	Text for derogation	97
53.2.	Alternative text	97
53.3.	Use and Functionality	97
53.4.	Substitutes / Alternatives	97
53.5.	Forever Chemicals	97
53.6.	Number of companies affected	98
53.7.	Annual Tonnage	98
53.8.	Timeline Requested	98
54.	C44 - Fluoroether for degreasing applications	98
54.1.	Text for derogation	98
54.2.	Alternative text	98
54.3.	Use and Functionality	98
54.4.	Substitutes / Alternatives	98
54.5.	Forever Chemicals	98
54.6.	Number of companies affected	99
54.7.	Annual Tonnage	99
54.8.	Timeline Requested	99
55.	C45 - HFO for Insulating Foam	99
55.1.	Text for derogation	99
55.2.	Alternative text	99
55.3.	Use and Functionality	99
55.4.	Substitutes / Alternatives	99
55.5.	Forever Chemicals	99
55.6.	Number of companies affected	99
55.7.	Annual Tonnage	100
55.8.	Timeline Requested	100
56.	C46 - PTFE as a high temperature manufacturing aid or tool	100
56.1.	Text for derogation	100
56.2.	Alternative text	100
56.3.	Use and Functionality	100
56.4.	Substitutes / Alternatives	100
56.5.	Forever Chemicals	100
56.6.	Number of companies affected	100
56.7.	Annual Tonnage	101
56.8.	Timeline Requested	101
57.	C48 - Fluorocoatings for optical components	101
57.1.	Text for derogation	101
57.2.	Alternative text	101
57.3.	Use and Functionality	101
57.4.	Substitutes / Alternatives	101
57.5.	Forever Chemicals	102
57.6.	Number of companies affected	102
57.7.	Annual Tonnage	102
57.8.	Timeline Requested	102
58.	C51 - F2 gas fluorinated plastics in capacitors	102
58.1.	Text for derogation	102
58.2.	Alternative text	102
58.3.	Use and Functionality	102
58.4.	Substitutes / Alternatives	102
58.5.	Forever Chemicals	102
58.6.	Number of companies affected	103
58.7.	Annual Tonnage	103
58.8.	Timeline Requested	103
59.	C52 - PTFE additive in die attach paste	103
59.1.	Text for derogation	103
59.2.	Alternative text	103
59.3.	Use and Functionality	103
59.4.	Substitutes / Alternatives	103
59.5.	Forever Chemicals	103
59.6.	Number of companies affected	103
59.7.	Annual Tonnage	103
59.8.	Timeline Requested	104
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1. [bookmark: _Toc146196659]Summary


This report is submission #5 of 5 by Claigan Environmental Inc. (Claigan) on behalf of the EU PFAS Restriction Submission Project (“PFAS Submission Project”).  The PFAS submission project is made up of dozens of companies from a wide range of industries (consumer, professional, industrial, medical, oil and gas, laboratory equipment, textiles, electronic components, and retail sales.)  


The PFAS Submission Project is focused primarily on the needs of complex products (articles.)  Claigan is both a restricted materials consultancy and a high-volume restricted materials testing laboratory.  Each of the PFAS Submission Project submissions is based on contributions from all major sectors of industry and 2023 PFAS testing data from complex products.


This report (#5) is a detailed itemization and justification of each derogation of PFAS uses that are necessary for the functioning of society and do not have adequate replacements.  These derogations are application-based, as opposed to industry-based. The reason for the use of a PFAS material is normally performance related and not necessarily related to any one industry segment.  Many different industries have common critical performance characteristics.


The derogations below are based on 


· Feedback from a wide range of industries


· A review of substitutes (see Claigan EU PFAS Submission Project Report #4) and the availability of adequate substitutes


· Detailed testing data of the polymers themselves and PFAS additives / degradation products commonly found in those materials (Claigan EU PFAS Submission Project Reports #1 and #2)


· Risk of harm to the environment (Claigan EU PFAS Submission Project Report #3)


· Socio-economic impact


Important note - due to the short timeline of the EU PFAS Restriction Consultation, each justification is only in brief.  Each justification can be further elaborated upon, if needed.


Important comment - Fluoropolymers and fluoroelastomers in industrial and medical applications should NOT be restricted in haste.   In many cases, 13.5 years were requested in the derogations below based on the recommendation for materials currently without suitable replacements.  However, unlimited-duration derogations for fluoropolymers in any industrial and medical applications is recommended until viable and proven alternatives are developed.  The risk to humans and the environment due to material substitution is significant in these applications.


In a number of industrial or scientific cases, such as piezo/ferroelectric PVDF, identification of a suitable replacement material would require a scientific breakthrough of Nobel prize significance. 


September 21 2023





2. [bookmark: _Toc146196660]Summary of Derogations Requested


Note - some derogations have been removed (example - c1) as it was either a duplicate of a more specific derogation, or it did not meet the justification requirements.


			Derogation


			Timeline Requested


			Derogation


			Tonnage per Year


			Text for Derogations





			c2


			13.5 Years


			PFAS Polymers


			100-1,000 tons


			Fluoropolymer and perfluoropolyether (PFPE) release agents used in manufacturing processes of plastic and rubber parts including foam.





			c3a


			13.5 Years


			PFAS Polymers


			100-1,000 tons


			PTFE used as an additive drip agent in plastics to meet flammability safety requirements





			c3b


			13.5 Years


			PFAS Polymers


			10-100 tons


			PFBS (and its salts) for the purposes of plastic clarity in flame retarded polymers under 1,000 ppm of the plastic





			c4a


			13.5 Years


			PFAS Polymers


			100-1,000 tons


			PTFE, ETFE, FEP, and PFA used for electrical insulation purposes except wiring.





			c4b


			13.5 Years


			PFAS Polymers and Non-Polymers


			10-100 tons


			Fluorosilicone, amorphous fluoro resins, and fluoroelastomers (including perfluoroelastomers) for electrical insulation purposes except wiring.





			c5a


			13.5 Years


			PFAS Polymers and Non-Polymers


			100-1,000 tons


			Fluoropolymers in invasive, implantable, fluid, and gas contacting applications in medical devices.





			c5b


			13.5 Years


			PFAS Polymers and Non-Polymers


			0-10 tons


			Maximum of 2ppm C4-C14 perfluoroalkyl carboxylates in fluoropolymers in invasive, implantable, fluid, and gas contacting applications in medical devices.





			c6a


			13.5 Years


			PFAS Polymers


			100-1,000 tons


			PTFE as an additive up to 25% in plastics for the purposes reduced friction and wear





			c6b


			13.5 Years


			PFAS Polymers


			100-1,000 tons


			PTFE, ETFE, and PCTFE for professional, industrial, or high temperature applications (>150C) requiring reduced friction, or chemical inertness.





			c7


			13.5 Years


			PFAS Polymers


			100-1,000 tons


			PTFE, ETFE, PFA, PVDF, and FEP as a wire insulator.





			c8a


			13.5 Years


			PFAS Polymers and Non-Polymers


			10-100 tons


			Fluoroacrylic coatings necessary for chemical safety for fabrics. Maximum of 5ppm sum of C4-C18 perfluoroalkyl carboxylates.





			c8a


			13.5 Years


			PFAS Polymers and Non-Polymers


			0-10  tons


			Fluoroacrylic coatings on fabrics necessary for the protection or storage of portable medical devices or laboratory equipment.  Maximum of 5ppm sum of C4-C18 perfluoroalkyl carboxylates.





			c9


			13.5 Years


			PFAS Polymers and Non-Polymers


			10-100 tons


			PTFE and PVDF filter membranes for gas and aqueous filtration. Maximum of 20ppm of C4-C14 perfluoroalkyl carboxylates





			c10


			13.5 Years


			PFAS Polymers


			10-100 tons


			PTFE as a lubricant additive under 30% concentration not in contact with drinking water.





			c11a


			13.5 Years


			PFAS Polymers


			100-1,000 tons


			PTFE as a fused coating on cookware





			c11b


			13.5 Years


			PFAS Polymers


			100-1,000 tons


			PTFE as a coating for chemical containers





			c12a


			13.5 Years


			PFAS Polymers and Non-Polymers


			100-1,000 tons


			Fluoroelastomers (including perfluoroelastomers), fluorosilicone, and amorphous fluoro resins as a sealing material in situations requiring chemical resistance, oil resistance, oxidation resistance, decompression resistance,  high temperature (over 150C), or low temperature (<-20C).





			c12b


			13.5 Years


			PFAS Polymers and Non-Polymers


			10 to 100 tons


			Fluoroelastomers (including perfluoroelastomers), fluorosilicone, and amorphous fluoro resins as a sealing material for drinking water or food contact if compliant with EU drinking water directives and regulations.





			c13a


			13.5 Years


			PFAS Polymers and Non-Polymers


			100-1,000 tons


			PTFE tape for moisture insulation, or joining of fluid or gas components. Maximum of 2ppm of C4-C14 perfluoroalkyl carboxylates for 6.5 years





			c13b


			13.5 Years


			PFAS Polymers and Non-Polymers


			100-1,000 tons


			PTFE tape for reduction of friction. Maximum of 2ppm of C4-C14 perfluoroalkyl carboxylates for 6.5 years





			c14


			6.5 Years


			PFAS Polymers


			0-10 tons


			Fluorosilcone release paper and residual fluorosilicone on adhesive products.





			c16


			13.5 Years


			PFAS Polymers


			10-100 tons


			Fluorocoating of rubber, metal, and plastic seals in professional or industrial applications where chemical resistance is required





			c17


			13.5 Years


			PFAS Polymers


			10-100 tons


			PTFE and PFA coating of metal for environmental or temperature resistance not in contact with food or drinking water





			c18


			13.5 Years


			PFAS Polymers


			10-100 tons


			PTFE, FEP, and PFA coating of metal for low friction and wear resistance in machinery or tools





			c19


			13.5 Years


			PFAS Polymers


			10-100 tons


			PTFE, PFA, FEP, and TFE copolymers in hoses in chemical, pump, or valve applications.





			c20


			6.5 Years


			PFAS Polymers


			0-10 tons


			Fluorocoatings on labels on products  (excluding textiles)  necessary for environmental resistance





			c21


			13.5 Years


			PFAS Polymers and Non-Polymers


			100-1,000 tons


			PTFE, PFA, FEP, PVDF, ETFE, and fluoroelastomer (including perfluoroelastomer) tubing not in contact with drinking water. Maximum of 2ppm of C4-C14 perfluoroalkyl carboxylates





			c22


			13.5 Years


			PFAS Non-Polymers


			10-100 tons


			Heat transfer fluids for industrial applications





			c23a


			13.5 Years


			PFAS Polymers


			1,000-10,000 tons


			PVDF and PTFE as the cathode binder in lithium batteries





			c23b


			13.5 Years


			PFAS Polymers


			10-100 tons


			PVDF, PTFE, TFE, and sulfonated PTFE as a binder or spacer in capacitors





			c24


			6.5 Years


			PFAS Polymers


			10-100 tons


			PTFE and fluorosilicone lubricants for internal wires





			c25


			13.5 Years


			PFAS Polymers and Non-Polymers


			0-10 tons


			Surfactants in emulsion based bio-assays and dry-chemistry assays





			c26


			13.5 Years


			PFAS Polymers


			0-10 tons


			PTFE foil coating of rubber for biotechnology or chromatography purposes





			c27


			13.5 Years


			PFAS Polymers and Non-Polymers


			0-10 tons


			Products used for education or training purposes may use derogations applicable to products they are simulating.





			c28


			13.5 Years


			PFAS Polymers and Non-Polymers


			10-100 tons


			Fluorinated polyethylene for chemical storage and handling. Maximum of 2ppm of C4-C14 perfluoroalkyl carboxylates





			c29


			13.5 Years


			PFAS Polymers and Non-Polymers


			10-100 tons


			ePTFE as a gasket / seal material in professional applications. Maximum of 5ppm of C4-C14 perfluoroalkyl carboxylates





			c31a


			6.5 Years


			PFAS Polymers and Non-Polymers


			10-100 tons


			Fluoro acrylics for antismudge and antireflective coatings for plastics. Maximum of 1ppm of C4-C6 perfluoroalkyl carboxylates. Maximum of 1ppm of C7-C14 perfluoroalkyl carboxylates.





			c31b


			13.5 Years


			PFAS Polymers 


			10-100 tons


			Fluorosilicone and nano-fluorocoatings  for antismudge and antireflective coatings for plastics and glass. 





			c32a


			13.5 Years


			PFAS Polymers


			100-1,000 tons


			PTFE, PCTFE, PVDF, FEP, and TFE (including copolymers) as a sealing or spacer material.





			c32b


			13.5 Years


			PFAS Polymers and Non-Polymers


			10-100 tons


			PFA as a sealing or spacer material in professional applications.





			c33


			13.5 Years


			PFAS Polymers


			10-100 tons


			PVDF and ETFE as a component in fluid or gas systems 





			c34


			13.5 Years


			PFAS Polymers and Non-Polymers


			0-10 tons


			PTFE in coatings of labels for security or tamper evidence.  Maximum of 2ppm of C4-C14 perfluoroalkyl carboxylates.





			c35


			13.5 Years


			PFAS Polymers and Non-Polymers


			0-10 tons


			Fluoroacrylic and PFA coatings (and solvents) for encapsulation of capacitors or semiconductor components. Maximum of 2ppm of C4-C14 perfluoroalkyl carboxylates and 10ppm residual fluoroethers





			c36


			13.5 Years


			PFAS Polymers


			100-1,000 tons


			PTFE and fluorosilicone sprays for maintaining lubrication in industrial equipment.





			c37


			13.5 Years


			PFAS Polymers and Non-Polymers


			0-10 tons


			Ionic fluoro fluids as electrolytes in capacitors or batteries





			c38


			13.5 Years


			PFAS Polymers


			10-100 tons


			Perfluorinated polyether (PFPE) as a lubricant for harsh environments





			c40


			13.5 Years


			PFAS Polymers and Non-Polymers


			0-10 tons


			Maximum of 5ppm of C4-C14 perfluoroalkyl carboxylates in derogated applications of PFA





			c41


			13.5 Years


			PFAS Polymers and Non-Polymers


			0-10 tons


			Maximum of 10 ppm 6:2 FTS, 5ppm C4-C6 perfluoroalkyl carboxylates, and 10 ppm bisphenol AF in derogated applications of fluoroelastomers and perfluoroelastomers





			c43


			13.5 Years


			PFAS Polymers


			0-10 tons


			PVDF polymers and PVDF terpolymers for ferroelectric films.





			c44


			6.5 Years


			PFAS Polymers and Non-Polymers


			10-100 tons


			Fluoroethers for degreasing applications





			c45


			13.5 Years


			PFAS Polymers


			10-100 tons


			Residual hydrofluoroolefins used as blowing agents for insulating foam internal to products





			c46


			13.5 Years


			PFAS Polymers


			0-10 tons


			PTFE as a manufacturing aid or tool for high temperature (> 150C) applications





			c48


			13.5 Years


			PFAS Polymers and Non-Polymers


			0-10 tons


			Fluorocoatings on laser fibers, laser fiber components, and fibers for optical purposes including light guidance.





			c51


			13.5 Years


			PFAS Polymers


			0-10 tons


			F2 gas fluorinated plastics in capacitors and microchips





			c52


			13.5 Years


			PFAS Polymers


			0-10 tons


			PTFE filled die attach material for semiconductor devices


















3. [bookmark: _Toc146196661]Related documents


3.1. [bookmark: _Toc146196662]Claigan PFAS Submission #1 - PFAS in Articles


3.1.1. Comprehensive 2023 testing data regarding locations and uses of PFAS in articles.


3.2. [bookmark: _Toc146196663]Claigan PFAS Submission #2 - PFOA in Articles


3.2.1. 2022 and 2023 test data regarding PFOA (and other perfluorocarboxylates and perfluorosulfonates in articles)


3.3. [bookmark: _Toc146196664]Claigan PFAS Submission #3 - PFAS in Drinking Water


3.3.1. Evaluation of recent news articles and related science papers on PFAS in drinking water and in human blood.


3.4. [bookmark: _Toc146196665]Claigan PFAS Submission #4 - PFAS Substitutes and Alternatives


3.4.1. A review of the pros and cons of fluoropolymers and their potential substitutes.





4. [bookmark: _Toc146196666]Definitions


4.1. [bookmark: _Toc146196667]Text for derogation


4.1.1. The simple text to include in the derogation of REACH restriction for PFAS


4.2. [bookmark: _Toc146196668]Alternative text


4.2.1. Alternative text (if applicable) for the derogation.


4.3. [bookmark: _Toc146196669]Uses and Functionality


4.3.1. A longer explanation of the use and details of the requested derogation.


4.4. [bookmark: _Toc146196670]Substitutes / Alternatives


4.4.1. An evaluation of availability of effective, validated, and available substitutes


4.4.2. Due to the short timeline for submission to the consultation, the explanation of alternatives for each requested derogation is brief.  Further details can be provided in each situation.


4.4.3. In most applications, once the material properties are reviewed, the justification of the use is fairly obvious due to temperature, safety, or environmental conditions.


4.4.4. See Claigan EU PFAS Submission Report #4 - Comparison of Substitutes for further details.


4.5. [bookmark: _Toc146196671]Forever Chemicals


4.5.1. Risk of perfluorocarboxylates (PFOA family) and perfluorosulfonates (PFOS family) in the use.


4.5.1.1. Plus explanation, if relevant, for fluorinated salts that are not classified vPvB or PBT substances.


4.5.2. A detailed explanation for each material is in Claigan EU PFAS Submission #2 - PFOA in Products and Claigan EU PFAS Submission #4 - Comparison of Alternatives.


4.6. [bookmark: _Toc146196672]Number of companies affected


4.6.1. Estimate of the number of companies affected.


4.6.1.1. Note - number of companies is a misleading statistic as companies are of different order of magnitude of sizes and a straight count can be misleading.


4.7. [bookmark: _Toc146196673]Annual Tonnage 


4.7.1. Expected annual tonnage of the PFAS substance imported into or manufactured for use in the EU each year.


4.8. [bookmark: _Toc146196674]Timeline Requested


4.8.1. 6.5 years - Substitutes available but replacement and re-qualification of the related products will take time


4.8.2. 13.5 years - Substitutes are not currently available and are not expected to be available in the near future.








5. [bookmark: _Toc146196675]C2 - Fluoropolymer and Perfluoropolyether Release Agents


5.1. [bookmark: _Toc146196676]Text for derogation


5.1.1. Fluoropolymer and Perfluoropolyether (PFPE) release agents used in manufacturing processes of plastic and rubber parts including foam.


5.2. [bookmark: _Toc146196677]Alternative text


5.2.1. n/a


5.3. [bookmark: _Toc146196678]Use and Functionality


5.3.1. Fluoropolymer and PFOE release agents are commonly used in the molds for rubber, plastic, and foams materials.  The most common applications of mold release agents are in the manufacturing of o-rings, gaskets, and foam.  Roughly 25% of o-rings / gaskets in physical products have residual release agents on the surface above 100 ppm fluorine.


5.3.2. Without effective release agents, the rubber, plastic, or foam part would adhere partially to the mold and suffer defects.


5.4. [bookmark: _Toc146196679]Substitutes / Alternatives


5.4.1. Silicone mold release agents would be a suitable replacement for PFAS release agents in most applications, however the use of PFAS release agents are so prevalent in manufacturing that the conversion and re-qualification process will take years.


5.5. [bookmark: _Toc146196680]Forever Chemicals


5.5.1. None expected.  


5.5.1.1. Due to the low concentration of fluorocoating, no measurable PFAS forever chemicals over 25 ppb is expected.


5.6. [bookmark: _Toc146196681]Number of companies affected


5.6.1. 10,000+


5.7. [bookmark: _Toc146196682]Annual Tonnage 


5.7.1. 100-1,000 tons per annum.


5.8. [bookmark: _Toc146196683]Timeline Requested


5.8.1. 13.5 years - Substitutes available but replacement and re-qualification of the related products will take significant time.  6.5 years would not be sufficient time as it would take years to find all the occurrences even in an individual product let alone a product family.  


5.8.2. Roughly ¼ of all gaskets and seals use fluoro release agents in their manufacturing process and there is currently no universal effective and accepted test method for its detection.


5.8.3. Unlike the removal of Pb during RoHS, the test standards for low concentration of this material are still not widely adopted or even have basic consensus.  Combustion Ion Chromatography (CIC) was heralded as a measured tool for fluorine concentration but is unable to detect mold release agents on the surface of plastics and rubbers.   Until widespread adoption of WDXRF (years away), the simple matter of detecting this substance in products is not easily possible.


5.8.4. Supported by document [Draft] PFOA in articles 2023 (#2) section 5 and document [Draft] PFAS alternative and substitutes (#4) section 4





6. [bookmark: _Toc146196684]C3a - PTFE Anti-Drip Additive


6.1. [bookmark: _Toc146196685]Text for derogation


6.1.1. PTFE used as an additive drip agent in plastics to meet flammability safety requirements


6.2. [bookmark: _Toc146196686]Alternative text


6.2.1. n/a


6.3. [bookmark: _Toc146196687]Use and Functionality


6.3.1. To meet UL94 and similar EU flame retardancy standards, a plastic cannot ‘drip’ molten plastic when exposed to flame.  Many plastics, such as ABS or PC, drip molten plastic when exposed to flame creating both a safety hazard to the user and potentially causing the fire to spread.


6.3.2. PTFE, when added to plastic, creates a ‘webbing’ during burning - trapping the plastic and preventing dripping of the plastic.


6.3.3. The use of PTFE anti-drip agents is very common in products requiring high flame retardancy, in particular electronics.  Plastic parts that normally contain anti-drip agents are plastic housing of electronic products.


6.4. [bookmark: _Toc146196688]Substitutes / Alternatives


6.4.1. There are currently no effective replacements for PTFE as an anti-drip additive.  Virtually all electronics use PTFE anti-drip agents in one or more parts.  Restriction of PTFE anti-drip agents would create a significant safety risk for electronics and require the redesign and re-qualification of safety of virtually every electronic product on the EU market.


6.5. [bookmark: _Toc146196689]Forever Chemicals


6.5.1. None expected.  


6.5.1.1. Pure unirradiated PTFE powder used as an anti-drip additive does not contain forever chemicals and has no expectation of degrading into forever chemicals.


6.5.1.1.1. Even in the rare case of an uncontrolled burn, the degradation products are not forever chemicals (no perfluorocarboxylates or perfluorosulfonates).  See https://www.fluoridealert.org/wp-content/pesticides/teflon.decomposition.prod.htm.


6.6. [bookmark: _Toc146196690]Number of companies affected


6.6.1. 10,000+


6.7. [bookmark: _Toc146196691]Annual Tonnage 


6.7.1. 100-1,000 tons per annum.


6.8. [bookmark: _Toc146196692]Timeline Requested


6.8.1. 13.5 years - Wide spread use, no suitable replacement, no forever chemicals, and substitution creates a significant safety risk.





7. [bookmark: _Toc146196693]C3b - PFBS as a Clarity Additive


7.1. [bookmark: _Toc146196694]Text for derogation


7.1.1. PFBS (and its salts) for the purposes of plastic clarity in flame retarded polymers under 1,000 ppm of the plastic.


7.2. [bookmark: _Toc146196695]Alternative text


7.2.1. n/a


7.3. [bookmark: _Toc146196696]Use and Functionality


7.3.1. Flame retardant additives to transparent polycarbonate (and similar materials) tends to create a hazy or opaqueness


7.3.2. The addition of trace levels of PFBS (or its salts) maintains the transparency of the plastic.


7.3.3. Transparency and flame retardancy are critical criteria for a number of applications including electronic displays or construction materials.


7.4. [bookmark: _Toc146196697]Substitutes / Alternatives


7.4.1. There are currently no effective replacements for PFBS as a clarifying additive for flame retardant transparent plastics.


7.5. [bookmark: _Toc146196698]Forever Chemicals


7.5.1. None expected.  


7.5.1.1. Note - PFBS would be present in the product <1,000 ppm. However PFBS is not currently classified as a vPvB or PBT chemical in the EU.


7.6. [bookmark: _Toc146196699]Number of companies affected


7.6.1. 100 - 1,000


7.7. [bookmark: _Toc146196700]Annual Tonnage 


7.7.1. 10 - 100 tons per annum.


7.8. [bookmark: _Toc146196701]Timeline Requested


7.8.1. 13.5 years - Wide spread use, low concentration use,  and no suitable replacement.





8. [bookmark: _Toc146196702]C4a - PTFE and ETFE for electrical insulation


8.1. [bookmark: _Toc146196703]Text for derogation


8.1.1. PTFE, ETFE, FEP, and PFA used for electrical insulation purposes except wiring.


8.2. [bookmark: _Toc146196704]Alternative text


8.2.1. n/a


8.3. [bookmark: _Toc146196705]Use and Functionality


8.3.1. PTFE, ETFE, and similar fluoropolymers have very low dielectric constants which makes both materials excellent electrical insulators.


8.3.2. These materials are primarily used in connectors and electronic components for electrical insulation.  The most visually obvious uses are the white ‘ring’ inside a coaxial connector or the white centre core of a wireless router antenna.


8.3.3. PTFE and ETFE spacers include any application that requires electrical insulation including spacers / separators in batteries or capacitors.


8.3.4. Due to the volume of use and different critical properties, PTFE and ETFE wire insulation is covered in a different derogation request.


8.4. [bookmark: _Toc146196706]Substitutes / Alternatives


8.4.1. No other material has equivalent dielectric constant / electrical insulation capability.


8.4.2. See Claigan PFAS Submission #4 - comparison of substitutes for a full material by material comparison of performance and biocompatibility of alternatives.


8.5. [bookmark: _Toc146196707]Forever Chemicals


8.5.1. None expected in initial material nor is material expected to degrade into forever chemicals.  


8.5.1.1. The exception is PFA which can have a small amount of perfluorocarboxlates from degradation of its C-O-C side chain bond.  PFA can be made without perfluorocarboxylate degradation, but it will take time to replace.  There is a separate derogation request for phase out of perfluorocarboxylates in PFA.


8.5.1.2. PFA represents <1% of fluoropolymers in dielectrics / insulators.


8.6. [bookmark: _Toc146196708]Number of companies affected


8.6.1. 10,000+ companies


8.7. [bookmark: _Toc146196709]Annual Tonnage 


8.7.1. 100 - 1,000 tons per annum.


8.8. [bookmark: _Toc146196710]Timeline Requested


8.8.1. 13.5 years - Wide spread use, no forever chemicals, and no suitable replacement.





9. [bookmark: _Toc146196711]C4b - Fluoroelastomers for electrical insulation


9.1. [bookmark: _Toc146196712]Text for derogation


9.1.1. Fluorosilicone, amorphous fluoro resins, and fluoroelastomers (including perfluoroelastomers) for electrical insulation purposes except wiring.


9.2. [bookmark: _Toc146196713]Alternative text


9.2.1. n/a


9.3. [bookmark: _Toc146196714]Use and Functionality


9.3.1. Fluoroelastomers (and similar materials) have low dielectric constants which makes both materials good electrical insulators.


9.3.2. PTFE and ETFE have limited flexibility and fluoroelastomers are required to meet both the electrical insulation and flexibility requirements.  


9.3.3. Common products using fluoroelastomers for electrical insulation would be electronic products such as hard drives.  The use in hard drives (among very many other electronics applications) affects a large number of companies.


9.3.4. Fluorosilicone, amorphous fluoro resins, fluoroelastomers (FKM), and perfluoroelastomers (FFKM) have very similar performance and materials characteristics and are recommended to be covered under the same derogation.


9.4. [bookmark: _Toc146196715]Substitutes / Alternatives


9.4.1. No other material has equivalent dielectric constant / electrical insulation capability with flexibility


9.4.2. Fluoroelastomer use is more specialized and lower volume than PTFE and ETFE for the same purpose.


9.5. [bookmark: _Toc146196716]Forever Chemicals


9.5.1. Fluoroelastomers and perfluoroelastomers require a sulfonated fluorotelomer surfactant as part of their emulsion polymerization manufacturing process.  The resulting 6:2 FTS, and short chain perfluorocarboxylates are covered in derogation request c41a.


9.5.2. All of the fluorosulfonates or fluorocarboxyles present are short chain chemicals and none are classified vPvB or PBT substances.


9.6. [bookmark: _Toc146196717]Number of companies affected


9.6.1. 10,000+ companies


9.7. [bookmark: _Toc146196718]Annual Tonnage 


9.7.1. 10 - 100 tons per annum.


9.8. [bookmark: _Toc146196719]Timeline Requested


9.8.1. 13.5 years - Wide spread use, no forever chemicals, and no suitable replacement.








10. [bookmark: _Toc146196720]C5a - Fluoropolymers in invasive / implantable devices


10.1. [bookmark: _Toc146196721]Text for derogation


10.1.1. Fluoropolymers in invasive, implantable, fluid, and gas contacting applications in medical devices.


10.2. [bookmark: _Toc146196722]Alternative text


10.2.1. n/a


10.3. [bookmark: _Toc146196723]Use and Functionality


10.3.1. Fluoropolymers are very low friction, hydrophobic, oleophobic (oil resistance) and very biocompatible making them ideal for medical devices.


10.3.2. Uses include an almost infinite number of implantable or invasive applications such as tubing, wiring, protective coatings, bearings, and a wide assortment of fluid and gas components.


10.3.3. Unlike other products, implantable and invasive medical devices undergo rigorous chemical safety testing which include PFOA and similar chemicals.  Each implantable or invasive device is tested for PFOA (and similar) extractables and reviewed for toxicology.


10.3.3.1. Note - the testing described above only applies to invasive or implantable medical devices.  Medical devices that are not implantable or invasive do not undergo the same testing (neither does IVD medical devices).  These devices would have requirements for PFAS materials for their continued function, but the applications would overlap with other applications for other industries. 


10.4. [bookmark: _Toc146196724]Substitutes / Alternatives


10.4.1. See Claigan PFAS Submission #4 - comparison of substitutes for a full material by material comparison of performance and biocompatibility of alternatives.


10.4.2. No other material has the same performance requirements (low friction, high biocompatibility) as fluoropolymer materials.  In the cases where forever chemicals are present in fluoropolymers in medical devices, the material was chosen for very specific performance criteria (such as flexibility) not available with standard PTFE.


10.5. [bookmark: _Toc146196725]Forever Chemicals


10.5.1. Due to the use of irradiated PTFE, expanded PTFE (ePTFE), and PFA in medical devices - the full range of perfluorocarboxylates (PFOA family) are present at >100 ppb per chemical in ~25% of PFAS uses in medical devices.


10.5.2. Any approval of fluoropolymers for implantable / invasive applications will need approval for perfluorocarboxylates (PFOA family).  Due to material performance requirements, perfluorocarboxylates are currently unavoidable in implantable and invasive devices.


10.6. [bookmark: _Toc146196726]Number of companies affected


10.6.1. 1,000+ companies


10.7. [bookmark: _Toc146196727]Annual Tonnage 


10.7.1. 100 - 1,000 tons per annum.


10.8. [bookmark: _Toc146196728]Timeline Requested


10.8.1. 13.5 years - No suitable replacements, high human safety risk, and length re-qualification required











11. [bookmark: _Toc146196729]C5b - Fluoroelastomers in invasive / implantable devices


11.1. [bookmark: _Toc146196730]Text for derogation


11.1.1. Fluorosilicone, amorphous fluoro resins, and fluoroelastomers (including perfluoroelastomers) for electrical insulation purposes except wiring.


11.2. [bookmark: _Toc146196731]Alternative text


11.2.1. n/a


11.3. [bookmark: _Toc146196732]Use and Functionality


11.3.1. Fluoroelastomers (FKM) and perfluoroelastomers (FFKM) are low friction, hydrophobic, oleophobic (oil resistance) and very biocompatible making them ideal for medical devices.  Fluoroelastomers have more rubber characteristics than fluoropolymers such as PTFE, and are needed for medical applications requiring a rubber over a plastic.


11.3.2. Uses include a large range of biocompatible rubber applications in medical devices including seals, strain relief, and other applications requiring a biocompatible rubber over a plastic.


11.3.3. Unlike other products, implantable and invasive medical devices undergo rigorous chemical safety testing which includes PFOA and similar chemicals.  Each implantable or invasive device is tested for PFOA (and similar) extractables and reviewed for toxicology.


11.3.3.1. Note - this testing only applies to invasive or implantable medical devices.  Medical devices, not implantable or invasive, do not undergo the same testing (neither does IVD medical devices).  These devices would have requirements for PFAS materials for their continued function, but the applications would overlap with other applications for other industries. 


11.3.4. This derogation includes four (4) different similar fluororubbers (fluorosilicone, amorphous fluoro resin, fluoroelastomer (FKM), and perfluoroelastomer (FFKM).


11.4. [bookmark: _Toc146196733]Substitutes / Alternatives


11.4.1. See Claigan PFAS Submission #4 - comparison of substitutes for a full material by material comparison of performance and biocompatibility of alternatives.


11.4.2. No other rubber material has the same performance requirements (low friction, high biocompatiblity) as fluoropolymer materials. 


11.4.3. For example - Silicone rubber averages 100x higher concentrations of forever chemicals (D4, D5, and D6 - which are EU classified PBTs) than fluoroelastomers, is likely subject to REACH restriction in the near future in the EU (due to D4, D5, and D6 monomers restriction proposed under POP), has much higher friction, and has poor resistance to oils.


11.5. [bookmark: _Toc146196734]Forever Chemicals


11.5.1. Fluoroelastomers and perfluoroelastomers require a fluorinated surfactant for emulsion polymerization and bisphenol AF for crosslinking.  These materials cannot currently be made reliably without these manufacturing aids.


11.5.2. Any approval of fluoroelastomers for implantable / invasive applications will need approval of 6:2 FTS fluorotelomer sulfonates (and substances that degrade into 6:2 FTS), and approval for a low concentration of short chain perfluorocarboxylates that degrade from 6:2 FTS (C4 to C7 perfluorocarboxylates). Approval will also be required for low concentrations of residual bisphenol AF crosslinking additives.


11.6. [bookmark: _Toc146196735]Number of companies affected


11.6.1. 100-1,000 companies


11.7. [bookmark: _Toc146196736]Annual Tonnage 


11.7.1. 10 - 100 tons per annum.


11.8. [bookmark: _Toc146196737]Timeline Requested


11.8.1. 13.5 years - No suitable replacements, high human safety risk, and length re-qualification required.








12. [bookmark: _Toc146196738]C6a - PTFE additive to plastics for wear reduction


12.1. [bookmark: _Toc146196739]Text for derogation


12.1.1. PTFE as an additive up to 25% in plastics for the purpose to reduce friction and wear


12.2. [bookmark: _Toc146196740]Alternative text


12.2.1. PTFE as an additive in plastics for the purpose to reduce friction and wear


12.3. [bookmark: _Toc146196741]Use and Functionality


12.3.1. The addition of PTFE powder to standard plastics such as nylon reduces the coefficient of friction of the plastic by up to 60%.


12.3.2. Used in a wide range of plastic components that turn against the surface of another plastic or metal.  PTFE added plastics are commonly used in fluid, gas, machinery, and electronics applications.  Fluid and gas uses are generally (but not exclusively) valves and similar components with potential for wear, plastic gears in machinery (including consumer products), and connectors (with a turn lock type function) in electronics.


12.4. [bookmark: _Toc146196742]Substitutes / Alternatives


12.4.1. No other additives are as effective to safely reduce the coefficient of friction of plastics.  Restriction of PTFE additives in plastics for friction reduction would reduce the lifetime of many products, resulting in products going to waste or landfall sooner and more often.  


12.4.2. In addition, PTFE added plastics extend product life/service intervals thereby reducing potential fluid and gas releases/exposures.  They also reduce power consumption compared to non-PTFE added counterparts.


12.5. [bookmark: _Toc146196743]Forever Chemicals


12.5.1. None expected. Unirradiated PTFE powder has no forever chemicals.


12.5.2. Irradiated PTFE powder is not needed and would be restricted by current PFOA and long chain perfluorocarboxylate restrictions (POP and REACH) in the EU.


12.6. [bookmark: _Toc146196744]Number of companies affected


12.6.1. 10,000+ companies


12.7. [bookmark: _Toc146196745]Annual Tonnage 


12.7.1. 1000+ tons per annum.


12.8. [bookmark: _Toc146196746]Timeline Requested


12.8.1. 13.5 years - No suitable replacements and no forever chemicals or risk to drinking water / humans.








13. [bookmark: _Toc146196747]C6b - PTFE, ETFE, and PCTFE for low friction parts and chemical inertness


13.1. [bookmark: _Toc146196748]Text for derogation


13.1.1. PTFE, ETFE, and PCTFE for professional, industrial, or high temperature applications (>150C) requiring reduced friction, or chemical inertness.


13.2. [bookmark: _Toc146196749]Alternative text


13.2.1. PTFE, ETFE,  and PCTFE for applications requiring reduced friction or chemical inertness in machinery (including consumer and professional applications).


13.3. [bookmark: _Toc146196750]Use and Functionality


13.3.1. The use of PTFE, ETFE, and PCTFE as a material for parts requiring low friction or chemical inertness in products.


13.3.2. The uses are parts that require either low friction (such as plastic gears or bearings) or have a role in hostile chemical environments (a bracket in a chemical bath, brushes in a chemical environment, or wafer cassette for semiconductor manufacturing) other than as a seal.  PTFE in seals are covered in another derogation request as that application is more specific.


13.3.3. Consumer applications at temperatures exceeding 150C would be included in this derogation.  Potentially compromising high temperature safety in a household would not be recommended without significant review and validation. 


13.3.4. The text of the derogation here is limited to non-consumer products unless high temperature is required, however due to the low risk of these materials, an alternative text to extend to consumer products under the same conditions is included.


13.4. [bookmark: _Toc146196751]Substitutes / Alternatives


13.4.1. No other materials have the same low friction and chemical inertness properties as PTFE, ETFE and PCTFE at regular temperatures and at high temperature (150C).


13.4.2. PTFE and PCTFE extend product life/service intervals thereby reducing potential chemical releases/exposures.  They also can reduce power consumption compared to non-PTFE/PCTFE counterparts.


13.4.3. See Claigan PFAS Submission #4 - comparison of substitutes for a full material by material comparison of friction, chemical resistance, and temperature resistance.


13.5. [bookmark: _Toc146196752]Forever Chemicals


13.5.1. None expected. Unirradiated PTFE powder has no forever chemicals.


13.5.2. Irradiated PTFE powder is not needed for this application and would be restricted by current PFOA and long chain perfluorocarboxylate restrictions (POP and REACH) in the EU.


13.6. [bookmark: _Toc146196753]Number of companies affected


13.6.1. 1,000-10,000 companies


13.7. [bookmark: _Toc146196754]Annual Tonnage 


13.7.1. 100-1,000 tons per annum.


13.8. [bookmark: _Toc146196755]Timeline Requested


13.8.1. 13.5 years - No suitable replacements and no forever chemicals or risk to drinking water / humans.











14. [bookmark: _Toc146196756]C7 - PTFE, ETFE, PFA, PVDF, and FEP as a wire insulator.


14.1. [bookmark: _Toc146196757]Text for derogation


14.1.1. PTFE, ETFE, PFA, PVDF, and FEP as a wire insulator.


14.2. [bookmark: _Toc146196758]Alternative text


14.2.1. n/a


14.3. [bookmark: _Toc146196759]Use and Functionality


14.3.1. Fluoropolymers are commonly used as wire insulation.  These materials have excellent electrical insulation and temperature resistance properties.


14.3.2. These materials are very important wire insulators in high density/temperature environments such as complex electronics (examples - laptops, computers, cell phones) or heating products (examples - ovens, furnaces)


14.3.3. With the move to chlorine free wiring, and the reduction of PVC wiring (and associated phthalate risks), PTFE (and other fluoropolymer wiring) has been the common choice.


14.3.4. Most PTFE (and similar) wiring is internal wiring with very limited exposure to humans or drinking water.


14.4. [bookmark: _Toc146196760]Substitutes / Alternatives


14.4.1. Silicone has similar temperature resistance to PTFE (and similar) wire insulators, but 


14.4.1.1. Requires greater thickness, and is not suitable for dense applications,


14.4.1.2. Contains, on average, more than 100X more forever chemicals than even PFA wire insulation,


14.4.1.3. Is likely to be subject to REACH Restriction due to its constituent monomers (D4, D5, and D6), and


14.4.1.4. Does not hold its shape to the same manner as PTFE (and similar) insulation.


14.4.2. PVC is commonly used in wire applications, however it is not suitable in applications requiring high temperature, reduced friction, or outgassing of substances.  PVC is known for outgassing or leaking of hazardous chemicals, and is not suitable for many high performance environments.


14.4.3. See Claigan PFAS Submission #4 - comparison of substitutes for a full material by material comparison of forever chemicals and temperature resistance.


14.5. [bookmark: _Toc146196761]Forever Chemicals


14.5.1. None expected for PTFE, FEP, PVDF, and ETFE wire insulation.


14.5.2. PFA wire insulation will commonly contain ~100 ppb for each perfluorocarboxylate (PFOA family) due to degradation of the C-O-C bond in the fluoro side chain.  A specific PFA perfluorocarboxylate related derogation is included later in this report.


14.6. [bookmark: _Toc146196762]Number of companies affected


14.6.1. 10,000+ companies


14.7. [bookmark: _Toc146196763]Annual Tonnage 


14.7.1. 1,000+ tons per annum.


14.8. [bookmark: _Toc146196764]Timeline Requested


14.8.1. 13.5 years - No suitable replacements, very limited human exposure, and wide usage.








15. [bookmark: _Toc146196765]C8a - Fluoroacrylic coatings for fabrics for safety reasons


15.1. [bookmark: _Toc146196766]Text for derogation


15.1.1. Fluoroacrylic coatings necessary for chemical safety for fabrics. Maximum of 5ppm sum of C4-C18 perfluoroalkyl carboxylates.


15.2. [bookmark: _Toc146196767]Alternative text


15.2.1. n/a


15.3. [bookmark: _Toc146196768]Use and Functionality


15.3.1. Fluoroacrylates are acrylic polymers with side chain fluorocarbons attached by an ester bond (which includes the weak C-O-C bond subject to degradation with time).


15.3.2. Fluoroacrylate coatings are common for the chemical resistance of fabrics.  No other air permeable coatings have the same resistance to water, acids, bases, and oils.


15.3.3. For situations where it is required for the fabric to protect the user from chemicals and air permeability, there are no safe replacements for fluoroacrylate coatings.


15.3.4. The use here is limited to fabrics that provide  chemical safety protection to the user and not for general consumer wear.


15.4. [bookmark: _Toc146196769]Substitutes / Alternatives


15.4.1. No other air permeable coatings have the same resistance to water, acids, bases, and oils.


15.4.2. See Claigan PFAS Submission #4 - comparison of substitutes for a full material by material comparison of water resistance, oil resistance, and chemical resistance.


15.5. [bookmark: _Toc146196770]Forever Chemicals


15.5.1. Fluoroacrylates >100 ppb for each perfluorocarboxylate (PFOA family) due to degradation of the C-O-C bond in the fluoro side chain.  These chemicals will be present after manufacturing and will continue to  accumulate as the weak (low energy of bond dissociation) C-O-C bond of the fluoro side chain fractures producing additional perfluorocarboxylates.


15.5.2. For this usage to continue, fluoroacrylates need to be permitted at least 5 ppm of perfluorocarboxylates.


15.6. [bookmark: _Toc146196771]Number of companies affected


15.6.1. 100-1,000 companies


15.7. [bookmark: _Toc146196772]Annual Tonnage 


15.7.1. 10 - 100 tons per annum.


15.8. [bookmark: _Toc146196773]Timeline Requested


15.8.1. 13.5 years - No suitable replacements and significant safety risks if use is restricted.








16. [bookmark: _3wnovuh1vzpi][bookmark: _Toc146196774]C8b - Fluoroacrylic coatings for fabrics for protection of medical devices


16.1. [bookmark: _3cme302awmhl][bookmark: _Toc146196775]Text for derogation


16.1.1. Fluoroacrylic coatings on fabrics necessary for the protection or storage of portable medical devices or laboratory equipment.  Maximum of 5ppm sum of C4-C18 perfluoroalkyl carboxylates.


16.2. [bookmark: _fi1pmt5jvhkb][bookmark: _Toc146196776]Alternative text


16.2.1. n/a


16.3. [bookmark: _czh8xa9r8mmd][bookmark: _Toc146196777]Use and Functionality


16.3.1. Fluoroacrylates are acrylic polymers with side chain fluorocarbons attached by an ester bond (which includes the weak C-O-C bond subject to degradation with time).


16.3.2. Fluoroacrylate coatings are common for the chemical resistance of fabrics.  No other air permeable coatings have the same resistance to water, acids, bases, and oils.


16.3.3. Sensitive devices such as medical devices or laboratory equipment, in particular portable versions, require strong environmental protection for rugged conditions.  Environmental damage could lead to an error with a medical or measuring device, potentially creating harm.


16.3.4. This derogation request is intended to encompass the medical / laboratory devices plus any accessories or reagents.  Environmental damage to either risks human harm.


16.4. [bookmark: _yk3stha3yg3l][bookmark: _Toc146196778]Substitutes / Alternatives


16.4.1. No other air permeable coatings have the same resistance to water, acids, bases, and oils.


16.4.2. See Claigan PFAS Submission #4 - comparison of substitutes for a full material by material comparison of water resistance, oil resistance, and chemical resistance.


16.5. [bookmark: _v4zog9l8mi73][bookmark: _Toc146196779]Forever Chemicals


16.5.1. Fluoroacrylates >100 ppb for each perfluorocarboxylate (PFOA family) due to degradation of the C-O-C bond in the fluoro side chain.  These chemicals will be present after manufacturing and will continue to  accumulate as the weak (low energy of bond dissociation) C-O-C bond of the fluoro side chain fractures producing additional perfluorocarboxylates.


16.5.2. For this usage to continue, fluoroacrylates need to be permitted at least 5 ppm of perfluorocarboxylates.


16.6. [bookmark: _yy7yp0u5i5r1][bookmark: _Toc146196780]Number of companies affected


16.6.1. 10-100 companies


16.7. [bookmark: _1mc8d5aoxfdj][bookmark: _Toc146196781]Annual Tonnage 


16.7.1. 0 - 10 tons per annum.


16.8. [bookmark: _stxc0qjeo4lk][bookmark: _Toc146196782]Timeline Requested


16.8.1. 13.5 years - No suitable replacements, low volume application, and significant safety risks if use is restricted.


17. [bookmark: _Toc146196783]C9 - PTFE and PVDF filter membranes


17.1. [bookmark: _Toc146196784]Text for derogation


17.1.1. PTFE and PVDF filter membranes for gas and aqueous filtration.  Maximum of 20ppm of C4-C14 perfluoroalkyl carboxylates


17.2. [bookmark: _Toc146196785]Alternative text


17.2.1. PTFE (including ePTFE) and PVDF filter membranes for gas and aqueous filtration.  Maximum of 20ppm of C4-C14 perfluoroalkyl carboxylates


17.3. [bookmark: _Toc146196786]Use and Functionality


17.3.1. Filter membranes which allow gas permeability, but are filter fluids, are very common in medical, laboratory, and industrial applications (but can also be used in specialized consumer applications which require gas permeability with chemical filtration).


17.3.2. PTFE and PVDF filter membranes are strongly hydrophobic and oleophobic while allowing air to pass through.  These membranes are also very acid and alkali resistant, allowing a wide range of specialized applications.


17.3.3. PTFE and PVDF filter membranes are normally expanded materials with a fabric-like structure.  This derogation request is designed to include PVDF, PTFE, and the expanded form of ePTFE.  ePTFE share the same CAS number, but are different materials from a structural and residual chemicals perspective.


17.3.4. In a number of cases, the legislated test method in EU member states requires fluoropolymer permeable membranes.


17.4. [bookmark: _Toc146196787]Substitutes / Alternatives


17.4.1. No other material has the same gas permeability while being hydrophobic, oleophobic, acid resistance, and alkali resistant.  PTFE and PVDF membranes also have the advantages of maintaining their performance characteristics even at elevated temperatures.


17.4.2. Although it is theoretically possible to develop a porous gas permeable polyethylene frit for some applications, this would be a long project and is risky regarding tightness and reproducibility of the gas transfer.


17.4.3. See Claigan PFAS Submission #4 - comparison of substitutes for a full material by material comparison of forever chemicals and temperature resistance.


17.5. [bookmark: _Toc146196788]Forever Chemicals


17.5.1. ePTFE normally contains a concentration of ~100 ppb of each of the perfluorocarboxylates (PFOA family). The source of perfluorocarboxylates in ePTFE is not clear, but consistent in ePTFE materials.  The likely source is irradiation of the original PTFE powder to ‘rubberize’ the PTFE to make it more conducive to stretching (expansion) into ePTFE.  Irradiation of the initial powder would produce low concentrations of each perfluorocarboxylate chain length as  PTFE fragments fractured by radiation from the original long polymer chain will react with oxygen forming perfluorocarboxylates.


17.6. [bookmark: _Toc146196789]Number of companies affected


17.6.1. 100 - 1,000 companies


17.7. [bookmark: _Toc146196790]Annual Tonnage 


17.7.1. 10 to 100 tons per annum.


17.8. [bookmark: _Toc146196791]Timeline Requested


17.8.1. 13.5 years - No suitable replacements, very limited human exposure, and very technical application.








18. [bookmark: _Toc146196792]C10 - PTFE Additive in Grease


18.1. [bookmark: _Toc146196793]Text for derogation


18.1.1. PTFE as a lubricant additive under 30% concentration not in contact with drinking water.


18.2. [bookmark: _Toc146196794]Alternative text


18.2.1. PTFE as a lubricant additive for professional applications.


18.3. [bookmark: _Toc146196795]Use and Functionality


18.3.1. PTFE in mineral oil or silicone oil grease has superior lubrication properties compared to mineral or silicone oil alone.


18.3.2. PTFE added grease is used in a very wide range of applications, primarily for machinery or other moving parts when lubrication for an extended time period is required.


18.3.3. PTFE added grease has both consumer and professional applications.


18.4. [bookmark: _Toc146196796]Substitutes / Alternatives


18.4.1. No other material has the same impact as a low friction additive to mineral or silicone oil than PTFE.


18.5. [bookmark: _Toc146196797]Forever Chemicals


18.5.1. None expected


18.5.2. Unirradiated PTFE does not normally contain perfluorocarboxylates and is not expected to degrade into perfluorocarboxlates.


18.5.2.1. Irradiated PTFE would not normally be used as an additive in grease, and would be regulated by current POP and REACH restrictions for long chain perfluorocarboxylates.


18.6. [bookmark: _Toc146196798]Number of companies affected


18.6.1. 10,000+ companies


18.7. [bookmark: _Toc146196799]Annual Tonnage 


18.7.1. 10 to 100 tons per annum.


18.8. [bookmark: _Toc146196800]Timeline Requested


18.8.1. 13.5 years - No suitable replacements and very low risk to human health (no forever chemicals).








19. [bookmark: _Toc146196801]C11 - PTFE coatings for cookware


19.1. [bookmark: _Toc146196802]Text for derogation


19.1.1. PTFE as a fused coating on cookware


19.2. [bookmark: _Toc146196803]Alternative text


19.2.1. n/a


19.3. [bookmark: _Toc146196804]Use and Functionality


19.3.1. PTFE has been used as a fused polymer coating on cookware metals for decades.  These coatings are very different from the fluoroacrylate coatings on paper food contact packaging, which are based on side chain fluoropolymers weakly adhered to acrylic polymer backbones.  Fused polymer coatings are pure PTFE powder heated and cured to the surface of the metal, without the weak / degradation bonds of fluoroacrylates.


19.3.2. Contrary to popular belief, PTFE on cookware 


19.3.2.1. Does not contain forever chemicals (such as PFOA), and


19.3.2.2. Does not degrade into forever chemicals over time or at end-of-life.


19.3.3. PTFE has superior performance (low friction, hydrophobic, and oleophic) over all other polymers.


19.3.4. Ceramic coatings can achieve the same performance at a higher cost, but do not provide any chemical safety advantages.  Ceramic coatings are also prosecuting in food contacting materials for heavy metals in California Proposition 65 very commonly (averaging over 10 prosecutions per month).


19.4. [bookmark: _Toc146196805]Substitutes / Alternatives


19.4.1. No other polymers have the same low friction, temperature resistance, hydrophobic and oleophobic properties, and chemical safety as PTFE fused coatings.


19.4.2. Ceramics have similar performance characteristics and provide chemical safety risks greater than fused PTFE coatings.


19.5. [bookmark: _Toc146196806]Forever Chemicals


19.5.1. None expected


19.5.2. Contrary to popular belief, fused PTFE coatings for cookware have not contained forever chemicals (PFOA family) for decades, and do not have a chemical structure that degrades into perfluorocarboxylates.


19.5.2.1. A good reference is “Determination of perfluorooctanoic acid (PFOA) extractable from the surface of commercial cookware under simulated cooking conditions by LC/MS/MS” 2005.


19.5.2.1.1. Claigan’s 2023 testing of cookware agreed with the results above (‘non detect’ for perfluorocarboxlates).


19.5.3. See Claigan Submission #3 - PFAS in Drinking Water for further explanation.


19.6. [bookmark: _Toc146196807]Number of companies affected


19.6.1. 10,000+ companies


19.7. [bookmark: _Toc146196808]Annual Tonnage 


19.7.1. 10 to 100 tons per annum.


19.8. [bookmark: _Toc146196809]Timeline Requested


19.8.1. 13.5 years - No suitable replacements and very low risk to human health (no forever chemicals).








20. [bookmark: _Toc146196810]C11b - PTFE coatings for chemical containers


20.1. [bookmark: _Toc146196811]Text for derogation


20.1.1. PTFE as a coating for chemical containers


20.2. [bookmark: _Toc146196812]Alternative text


20.2.1. n/a


20.3. [bookmark: _Toc146196813]Use and Functionality


20.3.1. PTFE is an effective coating for chemical containers, whether portable or industrial.


20.3.2. PTFE is hydrophobic, oleophobic, acid resistant, alkali resistant, and maintains its characteristics over a wide temperature range.  These properties are critical for chemical containers.


20.3.3. This derogation request is for PTFE coatings for containers or vessels that can hold chemical substances with safety or corrosion risks.


20.4. [bookmark: _Toc146196814]Substitutes / Alternatives


20.4.1. No other polymers have equivalent hydrophobic and oleophobic properties, and chemical safety over a range of temperatures as PTFE.


20.4.2. Ceramics have similar performance characteristics but could only be used to coat metal vessels.  Ceramic coatings are more difficult to coat completely without gaps in larger containers, creating leakage or degradation risk.


20.5. [bookmark: _Toc146196815]Forever Chemicals


20.5.1. None expected. Unirradiated PTFE does not normally contain perfluorocarboxylates and does not further degrade into perfluorocarboxylates over time.


20.6. [bookmark: _Toc146196816]Number of companies affected


20.6.1. 100 - 1,000 companies


20.7. [bookmark: _Toc146196817]Annual Tonnage 


20.7.1. 10 to 100 tons per annum.


20.8. [bookmark: _Toc146196818]Timeline Requested


20.8.1. 13.5 years - No suitable replacements, is a specialized use, replacement creates a safety risk, and is a very low risk to human health (no forever chemicals).








21. [bookmark: _Toc146196819]C12a - Fluoroelastomers for seals


21.1. [bookmark: _Toc146196820]Text for derogation


21.1.1. Fluoroelastomers (including perfluoroelastomers), fluorosilicone, and amorphous fluoro resins as a sealing material in situations requiring chemical resistance, oil resistance, oxidation resistance, decompression resistance, high temperature (over 150C), or low temperature (<-20C). 


21.2. [bookmark: _Toc146196821]Alternative text


21.2.1. Fluoroelastomers - FKM (including perfluoroelastomers - FFKM), fluorosilicone, and amorphous fluoro resin as a sealing material.


21.3. [bookmark: _Toc146196822]Use and Functionality


21.3.1. Fluoroelastomers (and similar materials) are important chemical resistant sealing materials for environments requiring acid resistance, alkali resistance, water resistance, oil resistance, and/or high temperature performance.  


21.3.2. Without sealing materials that can function in these harsh environments, there is a strong risk for equipment or product failure and shorter periods between required servicing..


21.3.3. Fluoroelastomer seals are used in a very wide range of applications including oil and gas, electronics, medical devices, laboratory equipment, and any other application that requires a rubber seal with strong temperature resistance.


21.3.4. Note 1 - fluoroelastomers are commonly called FKM from their ASTM standard, or by a common trade name of ‘Viton’.


21.3.5. Note 2 - perfluoroelastomers are commonly called FFKM from their ASTM standard, or by a common trade name of ‘Kalrez’.


21.4. [bookmark: _Toc146196823]Substitutes / Alternatives


21.4.1. No other rubbers have equivalent hydrophobic and oleophobic properties, oxidation resistance, and chemical safety over a range of low and high temperatures as fluoroelastomers.  Fluoroelastomers are also very resistant to explosive decompression.


21.4.2. Fluoroelastomer use can extend product life/service intervals thereby reducing potential chemical releases/exposures.  Alternative materials would need to be replaced monthly, as they begin to leak.  


21.4.3. PTFE has similar environmental properties, but is a plastic and is not suitable for applications requiring the conformity of a ‘rubber’ seal.  Fluoroelastomers also have a higher coefficient of friction than PTFE and create a superior ‘seal’ in most applications.


21.4.4. See Claigan PFAS Submission #4 - for a detailed list of specific performance advantages of fluoroelastomers, perfluoroelastomers, and fluorosilicones.


21.5. [bookmark: _Toc146196824]Forever Chemicals


21.5.1. Any approval of fluoroelastomers or perfluoroelastomers will need approval of 6:2 FTS fluorotelomer sulfonates (and substances that degrade into 6:2 FTS), and approval of a low concentration of short chain perfluorocarboxylates that degrade from 6:2 FTS (C4 to C7 perfluorocarboxylates).  Additionally,  approval will be required for low concentrations of residual bisphenol AF crosslinking additives.


21.5.2. A separate derogation for the necessary fluoroadditives from the manufacturing process of fluoroelastomers and perfluoroelastomers is included in a separate derogation request.


21.6. [bookmark: _Toc146196825]Number of companies affected


21.6.1. 10,000+ companies


21.7. [bookmark: _Toc146196826]Annual Tonnage 


21.7.1. 10,000+ tons per annum.


21.8. [bookmark: _Toc146196827]Timeline Requested


21.8.1. 13.5 years - No suitable replacements, specialized uses, and replacement creates a safety risk.











22. [bookmark: _imj3ydamk0r7][bookmark: _Toc146196828]C12b - Fluoroelastomers for seals in water and food contact


22.1. [bookmark: _xo086fp8h0sj][bookmark: _Toc146196829]Text for derogation


22.1.1. Fluoroelastomers (including perfluoroelastomers), fluorosilicone, and amorphous fluoro resins as a sealing material for drinking water or food contact if compliant with EU drinking water directives and regulations.


22.2. [bookmark: _qy1sp5crvhi0][bookmark: _Toc146196830]Alternative text


22.2.1. N/A


22.3. [bookmark: _x1evpokz1df2][bookmark: _Toc146196831]Use and Functionality


22.3.1. Fluoroelastomers (and similar materials) are important chemical resistant sealing materials for drinking water equipment and food processing equipment.


22.3.2. Public, residential and industrial water supply systems are typically designed for long life (at least several decades) and access for maintenance and repair is limited. Components in particular have to meet high mechanical requirements such as sliding or sealing must function trouble-free for a long time without maintenance. The inherent stability of fluoropolymers also reliably prevents harmful substances from migrating into drinking water. Drinking water components are certified to ACS, DVGW and DWI (as well as others), which require testing for chemical substance migration and cytotoxic parameters as well as functionality within the product. Water treatment protects people and the environment every day. The known water treatment methods have proven to be energy efficient and reliable, but are directly dependent on the use of fluoropolymers. These are used, dismantled and disposed of by professional personnel.


22.3.3. The recast EU drinking water directive regulates the sum of PFAS in drinking water at 0.1 ug/L PFAS.   This regulation would effectively restrict perfluorocarboxylates and perfluorosulfonates that could be present in fluoroelastomers.


22.4. [bookmark: _9qru9fd67ey9][bookmark: _Toc146196832]Substitutes / Alternatives


22.4.1. No other rubbers have equivalent hydrophobic and oleophobic properties, UV resistance, and chemical safety over a range of temperatures as fluoroelastomers.


22.4.2. The most common alternatives are not chemically compatible for direct contact for long exposure time (years).


22.4.3. PTFE has similar environmental properties, but is a plastic and is not suitable for applications requiring the conformity of a ‘rubber’ seal.  Fluoroelastomers also have a higher coefficient of friction than PTFE and create a superior ‘seal’ in most applications.


22.4.4. See Claigan PFAS Submission #4 - for a detailed list of specific performance advantages of fluoroelastomers, perfluoroelastomers, and fluorosilicones.


22.5. [bookmark: _7gyu354p08vt][bookmark: _Toc146196833]Forever Chemicals


22.5.1. None would be allowed.  All applicable forever chemicals would be restricted under EU drinking water regulation.


22.5.2. The separate derogation request for 6:2 FTS, perfluorocarboxylates, and bisphenol AF would not be applicable to these materials if not in compliance with the PFAS restrictions of the recast EU drinking water regulation.


22.6. [bookmark: _uaofhsh2yqk8][bookmark: _Toc146196834]Number of companies affected


22.6.1. 100 to 1,000 companies


22.7. [bookmark: _6f8ml2p33v07][bookmark: _Toc146196835]Annual Tonnage 


22.7.1. 10 to 100 tons per annum.


22.8. [bookmark: _1ko6z0bs6df1][bookmark: _Toc146196836]Timeline Requested


22.8.1. 13.5 years - No suitable replacements, and hazardous PFAS strictly regulated in these materials by the recast EU drinking water regulation.








23. [bookmark: _Toc146196837]C13 - PTFE tape for sealing


23.1. [bookmark: _Toc146196838]Text for derogation


23.1.1. PTFE tape for moisture insulation, or joining of fluid or gas components.  Maximum of 2ppm of C4-C14 perfluoroalkyl carboxylates for 6.5 years


23.2. [bookmark: _Toc146196839]Alternative text


23.2.1. N/A


23.3. [bookmark: _Toc146196840]Use and Functionality


23.3.1. PTFE tape is one of the most commonly used sealing materials for fluid or gas components.  PTFE tape is hydrophobic and oleophobic, providing strong resistance to any fluid or gas it is sealing against.


23.3.2. PTFE tape has more of a rubber-like property than standard PTFE and is useful in applications that require conforming and sealing uneven features (such as pipe threads).


23.3.3. PTFE tape is used in a wide range of consumer, professional, industrial, and medical applications requiring a seal from moisture (on an uneven surface), or joining of fluid or gas components.


23.3.4. PTFE tape is also used to reduce the friction between moving parts, but that application is different and is listed in a separate derogation.


23.4. [bookmark: _Toc146196841]Substitutes / Alternatives


23.4.1. No other tape materials have the same hydrophobic and oleophobic properties as PTFE tape.


23.5. [bookmark: _Toc146196842]Forever Chemicals


23.5.1. The majority of extruded PTFE tape contains a concentration of ~100 ppb of each of the perfluorocarboxylates (PFOA family).  The source of perfluorocarboxylates in PTFE tape is not clear, but is present in the majority of PTFE tapes.  The likely source is irradiation of the original PTFE powder to ‘rubberize’ the PTFE to make it easier to extrude and calender into tape.  Irradiation of the initial powder would produce low concentrations of each perfluorocarboxylate chain length as fragments fracture by radiation from the original long polymer chain reacting with oxygen forming perfluorocarboxylates.


23.5.2. Extruded PTFE tape can be manufactured without perfluorocarboxylates, but it is so prevalent (even with the current EU POP and REACH restrictions for long chain perfluorocarboxylates) that it will take time to replace all of its uses in products.


23.5.2.1. To allow for the time it will take to identify which tapes contain perfluorocarboxylates, replace the materials, and requalify the products - a phase in period of 6.5 years is recommended for the complete removal of perfluorocarboxylate in PTFE tape.


23.5.2.2. Note - the cause of the generation of perfluorocarboxylates is related to the manufacturing process, and not expected to further increase with time as PTFE does not have a structure conducive to degradation into perfluorocarboxylates.


23.6. [bookmark: _Toc146196843]Number of companies affected


23.6.1. 10,000+ companies


23.7. [bookmark: _Toc146196844]Annual Tonnage 


23.7.1. 100-1,000 tons per annum.


23.8. [bookmark: _Toc146196845]Timeline Requested


23.8.1. 13.5 years (PTFE Tape) - No suitable replacements, specialized uses, does not require forever chemicals, and replacement creates a safety risk.


23.8.2. 6.5 years (perfluorocarboxylates in PTFE tape up to 2 ppm) - The use of long chain fluorocarboxylated PTFE tape is very common in all levels of products and will take time to replace and requalify the products involved.








24. [bookmark: _Toc146196846]C13b - PTFE Tape for Friction Reduction


24.1. [bookmark: _Toc146196847]Text for derogation


24.1.1. PTFE tape for reduction of friction.  Maximum of 2ppm of C4-C14 perfluoroalkyl carboxylates for 6.5 years


24.2. [bookmark: _Toc146196848]Alternative text


24.2.1. N/A


24.3. [bookmark: _Toc146196849]Use and Functionality


24.3.1. PTFE tape is used to reduce friction between moving parts.


24.3.2. PTFE tape conforms easily to uneven surfaces and is needed for applications on imperfect surfaces.  PTFE tape has more of a rubber-like property than standard PTFE and is useful in applications that require conforming and sealing uneven features.


24.3.3. PTFE tape for friction reduction is used in a wide range of consumer, professional, industrial, and medical applications requiring low friction between two or more components.  


24.3.4. PTFE tape is also used to seal fluid and gas components, but that application is different and is listed in a separate derogation.


24.4. [bookmark: _Toc146196850]Substitutes / Alternatives


24.4.1. No other tape materials have as low friction as PTFE tape and the ability to conform to uneven surfaces.


24.4.2. Replacement of PTFE tape in a low friction application will affect product performance issues and reduced lifetime of the product - causing earlier disposal or replacement of the product using the PTFE tape.


24.5. [bookmark: _Toc146196851]Forever Chemicals


24.5.1. The majority of extruded PTFE tape contains a concentration of ~100 ppb of each of the perfluorocarboxylates (PFOA family).  The source is not clear, but contained in the majority of PTFE tapes.  The likely source is irradiation of the original PTFE powder to ‘rubberize’ the PTFE to make it easier to extrude and calender into tape.  Irradiation of the initial powder would produce low concentrations of each perfluorocarboxylate chain length as fragments fracture by radiation from the original long polymer chain react with oxygen forming perfluorocarboxylates.


24.5.2. Extruded PTFE tape can be manufactured without perfluorocarboxylates, but it is so prevalent (even with the current EU POP and REACH restrictions for long chain perfluorocarboxylates) that it will take time to replace all of its uses in products.


24.5.2.1. To allow for the time it will take to identify which tapes contain perfluorocarboxylates, replace the materials, and requalify the products - a phase in period of 6.5 years is recommended for the complete removal of perfluorocarboxylate in PTFE tape.


24.5.2.2. Note - the cause of the generation of perfluorocarboxylates is related to the manufacturing process, and not expected to further increase with time as PTFE does not have a structure conducive to degradation in to perfluorocarboxylates.


24.6. [bookmark: _Toc146196852]Number of companies affected


24.6.1. 1,000 - 10,000 companies


24.7. [bookmark: _Toc146196853]Annual Tonnage 


24.7.1. 100-1,000 tons per annum.


24.8. [bookmark: _Toc146196854]Timeline Requested


24.8.1. 13.5 years (PTFE Tape) - No suitable replacements, specialized use, does not require forever chemicals, and replacement creates a product lifetime reduction.


24.8.2. 6.5 years (perfluorocarboxylates in PTFE tape up to 2 ppm) - The use of long chain fluorocarboxylated PTFE tape is very common in all levels of products and will take time to replace and requalify the products involved.








25. [bookmark: _Toc146196855]C14 - Fluorosilicone release paper 


25.1. [bookmark: _Toc146196856]Text for derogation


25.1.1. Fluorosilcone release paper and residual fluorosilicone on adhesive products.


25.2. [bookmark: _Toc146196857]Alternative text


25.2.1. N/A


25.3. [bookmark: _Toc146196858]Use and Functionality


25.3.1. Fluorosilicone release paper is the most commonly used backing paper for stickers or similar materials.


25.3.2. This derogation includes fluorosilicone release paper and potential residue from the fluorosilicone release paper on the back of stickers (retention by the adhesive contacting the release paper).


25.3.3. Fluorosilicone has very low friction (and therefore adhesion) allowing stickers and other parts with adhesive to be placed on a roll or sheet to be peeled off for application.


25.3.4. Some fluorosilicone seems to remain adhered to the sticker adhesive, and is measurable above 100 ppm fluorine in the adhesive. As long as fluorosilicone release paper is allowed, it also needs to be allowed as a residual in the adhesive of stickers or similar parts such as silicone thermal pads in electronics.


25.3.4.1. Note - it is possible that, in some cases, the residual fluorine is from a fluorobased surfactant used to reduce the surface tension and improve the adhesion.  Work is ongoing to separate the two uses as they look virtually identical with standard test methods.


25.4. [bookmark: _Toc146196859]Substitutes / Alternatives


25.4.1. Fluorosilicone release paper can be replaced by a number of materials including silicone (non-fluorinated) release paper, but fluorosilicone release paper is so common that it will take time for all the uses (in particular contamination of the adhesive of stickers) to be replaced.


25.5. [bookmark: _Toc146196860]Forever Chemicals


25.5.1. No fluorinated forever chemicals expected. Fluorosilicone does not normally contain perfluorocarboxylates and perfluorosulfonates, and do not have a structure expected to degrade into fluorinated forever chemicals over time.


25.5.2. The base silicone polymer is a risk for D4, D5, and D6 forever chemical like any siloxane based silicone rubber.  Fluorosilicone release paper (and its silicone replacement) are at risk of being regulated for residual D4, D5, and D6 forever chemicals.


25.6. [bookmark: _Toc146196861]Number of companies affected


25.6.1. 10,000+  companies


25.7. [bookmark: _Toc146196862]Annual Tonnage 


25.7.1. 10 - 100 tons per annum.


25.8. [bookmark: _Toc146196863]Timeline Requested


25.8.1. 6.5 years - Can be replaced by other materials, but it will take time to replace all of its uses and its residual content in sticker adhesives for stickers that were originally on fluorosilicone release paper.








26. [bookmark: _Toc146196864]C16 - Fluorocoating of seals


26.1. [bookmark: _Toc146196865]Text for derogation


26.1.1. Fluorocoating of rubber, metal, and plastic seals in professional or industrial applications where chemical resistance or reduced friction is required


26.2. [bookmark: _Toc146196866]Alternative text


26.2.1. N/A


26.3. [bookmark: _Toc146196867]Use and Functionality


26.3.1. Standard rubber seals (of nitrile, silicone, or SBR rubber) or metal seals do not have the low friction properties or chemical resistance of PTFE.


26.3.2. Fluorocoating or encapsulation of rubber, such as nitrile rubber, provides chemical resistance to the rubber that the rubber does not normally possess and provides a reduced friction to the rubber.  


26.3.3. Fluorocoating of metals provides a similar reduced friction and chemical resistance.  For example, steel (even stainless steel) is vulnerable to acids and has very high friction.  A fluorocoating protects the metal seals from environmental conditions.


26.3.4. Fluorocoated rubber is very common in medical and pharmaceutical applications including plungers / stoppers in syringes.  Fluorocoated metal seals are rarer, but requirements in professional applications require acid resistance or other environmental resistance.


26.4. [bookmark: _Toc146196868]Substitutes / Alternatives


26.4.1. No other coating material provides the same environmental protection to rubber and metal seals.


26.5. [bookmark: _Toc146196869]Forever Chemicals


26.5.1. None expected. No fluorinated forever chemical above 25 ppb is expected in the coated.


26.6. [bookmark: _Toc146196870]Number of companies affected


26.6.1. 1,000-10,000  companies


26.7. [bookmark: _Toc146196871]Annual Tonnage 


26.7.1. 10 - 100 tons per annum.


26.8. [bookmark: _Toc146196872]Timeline Requested


26.8.1. 13.5 years - No suitable replacements, specialized uses, and low risk to human health.





27. [bookmark: _Toc146196873]C17 - PTFE/PFA coating of metal for environmental resistance


27.1. [bookmark: _Toc146196874]Text for derogation


27.1.1. PTFE and PFA coating of metal for environmental or temperature resistance not in contact with food or drinking water


27.2. [bookmark: _Toc146196875]Alternative text


27.2.1. N/A


27.3. [bookmark: _Toc146196876]Use and Functionality


27.3.1. PTFE and PFA have excellent acid, alkali, water, and oil resistance. Many metals do not have good acid, water, or alkali resistance.  PTFE or PFA coating of the metal improves the environmental resistance of the metal.   


27.3.2. PTFE coatings are also used on metal parts in marine environments to protect against environmental (salt) and chemical corrosion.  They can also reduce friction/power consumption, provide anti-galling properties, and other wear related issues.


27.3.3. Improved environmental resistance is needed for metals likely to be exposed to outdoor or chemical conditions (in particular at higher temperatures).


27.3.4. This derogation request is for uses not in contact with food or drinking water.  Related coatings are handled under a separate derogation.


27.4. [bookmark: _Toc146196877]Substitutes / Alternatives


27.4.1. No other coating materials provide the same environmental protection to metals.


27.4.2. Replacement PTFE and PFA environmental coatings for metals will reduce the corrosion resistance (in particular over temperature) of many metals resulting in failure of these metals and/or reduced product lifetime (resulting in more products entering end of life disposal sooner).


27.5. [bookmark: _Toc146196878]Forever Chemicals


27.5.1. None expected in fused PTFE nor is PTFE expected to degrade into forever chemicals.


27.5.2. PFA often (but not always) contains perfluorocarboxylates and further degrades into perfluorocarboxylates (PFOA family).  The presence and degradation potential is covered under a separate derogation request for perfluorocarboxylates in PFA.


27.6. [bookmark: _Toc146196879]Number of companies affected


27.6.1. 1,000-10,000  companies


27.7. [bookmark: _Toc146196880]Annual Tonnage 


27.7.1. 10 - 100 tons per annum.


27.8. [bookmark: _Toc146196881]Timeline Requested


27.8.1. 13.5 years - No suitable replacements, specialized uses, does not include food or drinking water applications, and is low risk to human health.


27.8.1.1. Note - the potential for perfluorocarboxylates in PFA is addressed in another derogation request in this report and is unlikely to be needed in the long term.





28. [bookmark: _Toc146196882]C18 - Fluorocoating of metal for wear resistance


28.1. [bookmark: _Toc146196883]Text for derogation


28.1.1. PTFE, FEP, and PFA coating of metal for low friction and wear resistance in machinery or tools


28.2. [bookmark: _Toc146196884]Alternative text


28.2.1. N/A


28.3. [bookmark: _Toc146196885]Use and Functionality


28.3.1. Most metals have very high coefficients of frictions.  Metal components in a potential friction situation with another metal have reduced functionality and greatly increased wear.


28.3.2. Examples include gears and shafts in machinery, but can involve any applications with moving metals parts.  


28.3.3. Coating (as opposed to lubrication) of metal parts provides much longer (less temporary) wear resistance than lubrication alone.


28.4. [bookmark: _Toc146196886]Substitutes / Alternatives


28.4.1. No other coating materials provide equivalent reduced friction as PTFE or PFA for metals.


28.4.2. Replacement PTFE, FEP, and PFA environmental coatings will greatly reduce the performance of some machinery, increase wear, and reduce lifetimes on metal components.


28.4.3. Liquid lubricants can be used, but they are temporary in nature, and the most effective lubricants for low friction in metal parts contain PTFE powder and are covered by another derogation request.


28.5. [bookmark: _Toc146196887]Forever Chemicals


28.5.1. None expected in fused PTFE (or FEP) nor is PTFE (or FEP) expected to degrade into forever chemicals.


28.5.2. PFA often (but not always) contains perfluorocarboxylates and further degrades into perfluorocarboxylates (PFOA family).  The presence and degradation potential is covered under a separate derogation request for perfluorocarboxylates in PFA.


28.6. [bookmark: _Toc146196888]Number of companies affected


28.6.1. 10,000+  companies


28.7. [bookmark: _Toc146196889]Annual Tonnage 


28.7.1. 10 - 100 tons per annum.


28.8. [bookmark: _Toc146196890]Timeline Requested


28.8.1. 13.5 years - No suitable replacements, specialized uses, extends the lifetime of products, and is low risk to human health.  


28.8.1.1. Note - the potential for perfluorocarboxylates in PFA is addressed in another derogation request in this report and is unlikely to be needed in the long term.








29. [bookmark: _Toc146196891]C19 - Fluoropolymers in hoses


29.1. [bookmark: _Toc146196892]Text for derogation


29.1.1. PTFE, PFA, FEP, and TFE copolymers in hoses in chemical, pump, or valve applications.


29.2. [bookmark: _Toc146196893]Alternative text


29.2.1. N/A


29.3. [bookmark: _Toc146196894]Use and Functionality


29.3.1. PTFE (and similar fluoropolymers such as PFA, FEP, and TFE copolymers) provide a wide range of chemical resistances to hoses (including braided hose) to transport chemicals.


29.3.1.1. This derogation request is for hoses and similar that require chemical resistance.  Fluoropolymer tubing, which does not normally transport chemicals, is covered under a separate derogation request.


29.3.2. PTFE based polymers are acid resistant, alkali resistant, oil resistant, and can withstand high temperatures.  In equipment that may have to transport corrosive or similar liquids (or gasses), PTFE related fluoropolymers provide the necessary functionality.


29.3.3. PTFE hoses have exceptional chemical compatibility, resistance to moisture and temperature, and handle high pressures.


29.3.4. Without PTFE based hoses, safe chemical handling in the EU will no longer be possible.


29.4. [bookmark: _Toc146196895]Substitutes / Alternatives


29.4.1. No other polymer that can be formed into hoses or braided to transport chemicals, or having the resistance to the same range of chemicals and temperatures.


29.4.2. See Claigan PFAS Submission #4 - Comparison of Alternatives - for a detailed list of specific performance advantages of PTFE based polymers over other potential polymers.


29.5. [bookmark: _Toc146196896]Forever Chemicals


29.5.1. None expected in unirradiated PTFE, FEP, or TFE based copolymers.


29.5.2. PFA often (but not always) contains perfluorocarboxylates and further degrades into perfluorocarboxylates (PFOA family).  The presence and degradation potential is covered under a separate derogation request for perfluorocarboxylates in PFA.


29.6. [bookmark: _Toc146196897]Number of companies affected


29.6.1. 10,000+  companies


29.7. [bookmark: _Toc146196898]Annual Tonnage 


29.7.1. 1,000+ tons per annum.


29.8. [bookmark: _Toc146196899]Timeline Requested


29.8.1. 13.5 years - No suitable replacements, specialized uses, and is necessary for the processing of chemicals in the EU. 


29.8.1.1. Note - the potential for perfluorocarboxylates in PFA is addressed in another derogation request in this report and is unlikely to be needed in the long term.








30. [bookmark: _Toc146196900]C20 - Fluoropolymers in/on labels


30.1. [bookmark: _Toc146196901]Text for derogation


30.1.1. Fluorocoatings on labels of products (excluding textiles) necessary for environmental resistance.


30.2. [bookmark: _Toc146196902]Alternative text


30.2.1. N/A


30.3. [bookmark: _Toc146196903]Use and Functionality


30.3.1. Paper and polyester labels degrade in weather conditions such as rain, sun, or humidity.


30.3.2. By fluorocoating the surface of the label, the label can resist water, oil, and other environmental conditions.  In many cases, these labels contain safety information that would create safety issues if subject to aging.


30.3.3. Fluorocoated labels are used in a wide range of applications including outdoor products, but can include an electronic product that requires the label to withstand humidity and high temperature (such as a hard drive).


30.4. [bookmark: _Toc146196904]Substitutes / Alternatives


30.4.1. Most polymers do not have the water resistance and oil/stain resistance of fluoropolymers.  


30.4.1.1. PVC has nearly equivalent water and oil resistance, but has risks of other regulated substances (such as phthalates) and does not withstand temperature ranges as well as fluoropolymers.


30.5. [bookmark: _Toc146196905]Forever Chemicals


30.5.1. None expected.


30.5.1.1. This does not include fluoroacrylic coatings that would create perfluorocarboxylates (PFOA family) regulated under POP or REACH.


30.6. [bookmark: _Toc146196906]Number of companies affected


30.6.1. 10,000+  companies


30.7. [bookmark: _Toc146196907]Annual Tonnage 


30.7.1. 10 - 100 tons per annum.


30.8. [bookmark: _Toc146196908]Timeline Requested


30.8.1. 13.5 years - No suitable replacements, require for safety warnings on products, and does not provide a risk to human health.











31. [bookmark: _Toc146196909]C21 - Fluoropolymers tubing


31.1. [bookmark: _Toc146196910]Text for derogation


31.1.1. PTFE, PFA, FEP, PVDF, ETFE, and fluoroelastomer (including perfluoroelastomer) tubing not intended for drinking water. Maximum of 2ppm of C4-C14 perfluoroalkyl carboxylates


31.2. [bookmark: _Toc146196911]Alternative text


31.2.1. Two (2) derogations


31.2.1.1. PTFE, PFA, FEP, ETFE, and PVDF tubing not in contact with drinking water. Maximum of 2ppm of C4-C14 perfluoroalkyl carboxylates


31.2.1.2. Fluoroelastomer tubing not in contact with drinking water.


31.2.2. Fluoroelastomers have a separate perfluorosulfonate risk from the irradiated PTFE/PVDF or PFA perfluoroalkyl carboxylate risk.


31.3. [bookmark: _Toc146196912]Use and Functionality


31.3.1. PTFE (and similar) tubing is used in a very wide range of applications either to transport fluid or to provide protection to another material.


31.3.2. PTFE tubing is common for fluid transportation in laboratory and medical equipment.  Fluoropolymer tubing is non-reactive with virtually all fluids and does not affect the quality of the liquid or gas being transported.


31.3.3. Fluoropolymer tubing is widely used in electronics to protect wiring or other components.  This tubing is not specifically wire insulation, but it is commonly used in tube or heat shrink form in applications requiring high temperature resistance.  For example - the leads of most transformers in electronics are protected by PTFE tubes.


31.3.4. PTFE, PFA, FEP, ETFE, and PVDF are all used in tubing applications but each has a separate advantage for specific applications.  PTFE is only for tubing with less flexibility requirements.  PVDF is used in applications requiring a lower density than PTFE.  PFA, FEP, ETFE, and fluoroelastomers are used in chemical environments specific to their performance advantages (PFA - flexibility and chemical resistance.  FEP - complex shapes.  ETFE - high tension applications.  Fluoroelastomers - high flexibility environment).


31.4. [bookmark: _Toc146196913]Substitutes / Alternatives


31.4.1. No other polymer is as effective as a tubing material in applications in either 


31.4.1.1. High temperature applications (electronics) or


31.4.1.2. Transportation of fluid and gasses (with no reactivity with the transported fluids).


31.4.2. Polyurethane and PVC tubing can be used in some applications, but have poor resistance to acids and bases, can release chemicals (isocyanates or phthalates) into the fluid, and have poor temperature stability.


31.5. [bookmark: _Toc146196914]Forever Chemicals


31.5.1. PTFE and PVDF tubing is often irradiated, in particular if used as heat shrink.


31.5.1.1. Irradiated PTFE and PVDF will contain a range of perfluorocarbooxylates up to a maximum of ~2 ppm C4-C14 perfluorocarboxylates.  These perfluorocarboxylates are created during the irradiation process of the powder for the tubing and are not expected to further degrade into additional perfluorocarboxylates.


31.5.2. PFA often (but not always) contains perfluorocarboxylates because of its weak C-O-C side chain bond.  The majority of PFA polymers (but not all as a shorter side chain will not produce the measurable perfluorocarboxylates) contain up to ~2 ppm perfluorocarboxylates.


31.5.3. Fluoroelastomers normally contain short chain fluorosalts such as 6:2 FTS and C4 to C7 perfluorocarboxylates. This is related to a necessary processing aid in their emulsion manufacturing process.  The details are covered under a separate derogation request.


31.6. [bookmark: _Toc146196915]Number of companies affected


31.6.1. 10,000+  companies


31.7. [bookmark: _Toc146196916]Annual Tonnage 


31.7.1. 100 to 1,000 tons per annum.


31.8. [bookmark: _Toc146196917]Timeline Requested


31.8.1. 13.5 years - No suitable replacements, required for fluid transport or temperature performance reasons, substitution would affect the majority of electronics on the EU market, and not in contact with drinking water.








32. [bookmark: _Toc146196918]C22 - Heat transfer fluids


32.1. [bookmark: _Toc146196919]Text for derogation


32.1.1. Heat transfer fluids for industrial applications


32.2. [bookmark: _Toc146196920]Alternative text


32.2.1. Heat transfer fluids for professional and industrial applications


32.3. [bookmark: _Toc146196921]Use and Functionality


32.3.1. Fluoro heat transfer liquids are used in a range of industrial applications to transport the heat from part of the machinery or equipment to another.


32.3.2. Fluoro heat transfer fluids are commonly used in semiconductor manufacturing, data centers, and in the military/aerospace industry.


32.3.3. These applications are very specialized with tremendous heat generation / transfer requirements.


32.4. [bookmark: _Toc146196922]Substitutes / Alternatives


32.4.1. No other fluids have equivalent heat capacity to transfer heat sufficiently in machinery.  Replacement with other fluids would create safety and performance issues in industrial applications such as semiconductor manufacturing, data centers, and military/aerospace.


32.5. [bookmark: _Toc146196923]Forever Chemicals


32.5.1. None expected.  Fluoro heat transfer fluids are commonly built on chemical structures of F, C, and N without the oxygen bonds that degrade into perfluorocarboxylates.


32.6. [bookmark: _Toc146196924]Number of companies affected


32.6.1. 100 to 1,000  companies


32.7. [bookmark: _Toc146196925]Annual Tonnage 


32.7.1. 100 to 1,000 tons per annum.


32.8. [bookmark: _Toc146196926]Timeline Requested


32.8.1. 13.5 years - No suitable replacements, specialized industrial applications, low exposure to the public, and no expectation of forever chemicals.








33. [bookmark: _Toc146196927]C23a - PVDF and PTFE in batteries


33.1. [bookmark: _Toc146196928]Text for derogation


33.1.1. PVDF and PTFE as the cathode binder in lithium batteries


33.2. [bookmark: _Toc146196929]Alternative text


33.2.1. Fluoropolymers in lithium batteries


33.3. [bookmark: _Toc146196930]Use and Functionality


33.3.1. Fluoropolymers (primarily PVDF) are the standard binding agent in lithium batteries.


33.3.2. The cathode binder in lithium ion batteries is commonly PVDF and necessary for the functioning of high density lithium batteries.


33.3.3. Lithium batteries with fluoropolymer binders are used in virtually every lithium battery application from electric vehicles, to portable batteries, to medical and life safety devices.


33.4. [bookmark: _Toc146196931]Substitutes / Alternatives


33.4.1. No other polymer has the temperature resistance and chemical resistance of fluoropolymers.  Other polymers could not maintain the rigorous performance requirements of a binder in a high density lithium battery.


33.4.2. Pb acid batteries have similar performance to lithium batteries, but can release Pb at the end of life and have a weight that makes them unusable for mobile applications including electrical vehicles.


33.5. [bookmark: _Toc146196932]Forever Chemicals


33.5.1. None expected.  Unirradiated PVDF and PTFE does not contain perfluorocarboxylates and does have the C-O-C bond that leads to degradation of perfluorocarboxylates with time.


33.6. [bookmark: _Toc146196933]Number of companies affected


33.6.1. 10,000+ companies


33.7. [bookmark: _Toc146196934]Annual Tonnage 


33.7.1. 1,000+ tons per annum.


33.8. [bookmark: _Toc146196935]Timeline Requested


33.8.1. 13.5 years - No suitable replacements, fundamental to mobile electronics, and necessary for electric vehicles.





34. [bookmark: _Toc146196936]C23b - Fluoropolymers in capacitors


34.1. [bookmark: _Toc146196937]Text for derogation


34.1.1. PVDF, PTFE, TFE, and sulfonated PTFE as a binder or spacer in capacitors


34.2. [bookmark: _Toc146196938]Alternative text


34.2.1. Fluoropolymers in capacitors


34.3. [bookmark: _Toc146196939]Use and Functionality


34.3.1. High performance capacitors, in particular ultra/super capacitors, require fluoropolymers as either a binder, or as an electric insulator in capacitors.


34.3.2. Fluorobinders in high performance capacitors enable the energy density required in compact / dense electronics. 


34.3.3. Fluoropolymers have electric insulation performance that separates different elements of the capacitor.  


34.3.4. Fluoropolymer binders and spacers are common in capacitors and are used in a wide range of electronic products.


34.4. [bookmark: _Toc146196940]Substitutes / Alternatives


34.4.1. No other polymer has the temperature resistance and dielectric insulation properties of fluoropolymers.  


34.5. [bookmark: _Toc146196941]Forever Chemicals


34.5.1. None expected.  Unirradiated PVDF and PTFE does not contain perfluorocarboxylates and does have the C-O-C bond that leads to degradation of perfluorocarboxylates with time.


34.6. [bookmark: _Toc146196942]Number of companies affected


34.6.1. 10,000+ companies


34.7. [bookmark: _Toc146196943]Annual Tonnage 


34.7.1. 100 to 1,000 tons per annum.


34.8. [bookmark: _Toc146196944]Timeline Requested


34.8.1. 13.5 years - No suitable replacements, temperature and electrical insulation advantages over other materials, fundamental to electronics, and similar to the necessary fluoropolymers in lithium batteries.


35. [bookmark: _Toc146196945]C24 - Lubrication of internal wires


35.1. [bookmark: _Toc146196946]Text for derogation


35.1.1. PTFE and fluorosilicone lubricants for internal wires


35.2. [bookmark: _Toc146196947]Alternative text


35.2.1. Fluoro lubricants for internal wires


35.3. [bookmark: _Toc146196948]Use and Functionality


35.3.1. Hookwires inside cables are commonly lubricated with either a fluorosilicone or PTFE lubricant.


35.3.2. Lubrication of the internal wires reduces friction and wear of the cable, improving the flexibility and lifetime of the cable.  Hookup wires inside cables have fluoro lubricants on their hook wires in roughly 25% of cables.


35.3.2.1. See Claigan PFAS Submission #1 - PFAS in Articles for further details.


35.3.3. The amount of lubricant on a wire is ~100 ppm fluorine.


35.3.4. Note - in some cases the fluoro lubricants on the hookup / internal wires are from fluoro lubricants on the manufacturing equipment and may not be present intentionally.


35.4. [bookmark: _Toc146196949]Substitutes / Alternatives


35.4.1. Fluoro lubricants, except in high temperature environments, are replaceable lubricants.  


35.4.2. Note - in some cases the fluoro lubricants on the hookup / internal wires are from fluoro lubricants on the manufacturing equipment and may not be present intentionally.


35.5. [bookmark: _Toc146196950]Forever Chemicals


35.5.1. None expected.  The trace amount of fluoro lubricant on a wire ~ 100 ppm and no forever chemicals would be measurably present in the wire.


35.6. [bookmark: _Toc146196951]Number of companies affected


35.6.1. 10,000+ companies


35.7. [bookmark: _Toc146196952]Annual Tonnage 


35.7.1. 10 to 100  tons per annum.


35.8. [bookmark: _Toc146196953]Timeline Requested


35.8.1. 6.5 years - Substitutes are readily available but the use is so common (~25% of all cables) that it will take years to identify and replace all the occurrences.





36. [bookmark: _Toc146196954]C25 - Surfactant in assays


36.1. [bookmark: _Toc146196955]Text for derogation


36.1.1. Surfactants in emulsion based bio-assays and dry-chemistry assays


36.2. [bookmark: _Toc146196956]Alternative text


36.2.1. Surfactants in laboratory assays


36.3. [bookmark: _Toc146196957]Use and Functionality


36.3.1. Fluoro based surfactants are commonly used as the surfactants in specialized bio-assays and dry chemistry assays.


36.3.2. Fluoro based surfactants are useful for membrane protein stabilization in subsequent purification steps as they do not strip natural lipids and other co-factors from the proteins. In addition, the bulky fluorinated tails can not penetrate into the interior and disrupt structure. Fluorinated surfactants often decrease non-specific aggregation and are thought to result in improved distribution.


36.3.3. Without fluoro based surfactants, many specialized laboratory or medical measurements would not be possible or, at least, not with the same accuracy.


36.4. [bookmark: _Toc146196958]Substitutes / Alternatives


36.4.1. Replacement of fluoro-based surfactants would take years of research and validation, and - in many cases - not be possible.


36.5. [bookmark: _Toc146196959]Forever Chemicals


36.5.1. The fluorosurfactants would commonly degrade into perfluorocarboxylates or perfluorosulfonates, depending on their structure.


36.6. [bookmark: _Toc146196960]Number of companies affected


36.6.1. 10 to 100 companies


36.7. [bookmark: _Toc146196961]Annual Tonnage 


36.7.1. 0 - 10  tons per annum.


36.8. [bookmark: _Toc146196962]Timeline Requested


36.8.1. 13.5 years - A very technical and highly specialized use.  Replacement would take years of research and validation, and would likely reduce test performance and have little health advantage to society.





37. [bookmark: _Toc146196963]C26 - PTFE Coating of Rubber for Biotechnology


37.1. [bookmark: _Toc146196964]Text for derogation


37.1.1. PTFE foil coating of rubber for biotechnology or chromatography purposes


37.2. [bookmark: _Toc146196965]Alternative text


37.2.1. Fluoropolymer coatings for biotechnology or chromatography purposes


37.3. [bookmark: _Toc146196966]Use and Functionality


37.3.1. Fluorocoating of rubber for biotechnology or chromatography is common to provide the low reactivity / low friction of PTFE to rubber.


37.3.2. This application is similar in nature to fluorocoating of rubber seals for medical and pharmaceutical purposes, but this derogation request includes applications of rubber in biotechnology and chromatography beyond rubber seals.


37.3.3. Chromatography and biotechnology require low reactivity of materials, and a PTFE coating imparts chemical and resistance, and biocompatibility to silicone or nitrile rubber.


37.4. [bookmark: _Toc146196967]Substitutes / Alternatives


37.4.1. No other polymer has as low reactivity and low friction as PTFE.  Specialized biotechnology or chromatography applications require the highest possible performance for measurement accuracy and consistency.


37.5. [bookmark: _Toc146196968]Forever Chemicals


37.5.1. None expected.  Unirradiated PTFE does not contain perfluorocarboxylates (PFOA family) and is not expected to degrade over time into perfluorocarboxylates.


37.6. [bookmark: _Toc146196969]Number of companies affected


37.6.1. 10 to 100 companies


37.7. [bookmark: _Toc146196970]Annual Tonnage 


37.7.1. 0 - 10  tons per annum.


37.8. [bookmark: _Toc146196971]Timeline Requested


37.8.1. 13.5 years - A very technical and highly specialized use.  Replacement would take years of research and validation, and would likely reduce test performance and have little health advantage to society.





38. [bookmark: _Toc146196972]C27 - Products for Training or Simulation


38.1. [bookmark: _Toc146196973]Text for derogation


38.1.1. Products used for education or training purposes may use derogations applicable to products they are simulating.


38.2. [bookmark: _Toc146196974]Alternative text


38.2.1. N/A


38.3. [bookmark: _Toc146196975]Use and Functionality


38.3.1. Professional, medical, industrial, military, and aerospace applications often have simulators or other training aids to train or familiarize users with specific tasks.


38.3.2. The simulator or training aid may not be technically classified as a medical device or aerospace product, but it should be able to use any derogations available to the product it is simulating.


38.3.3. If a simulator or training aid is unable to use the same materials as the product it is simulating, gaps in design and training are possible.  For example, an aircraft ‘joystick’ is made of PTFE, it would not make sense for the simulator’s joystick to be made from another material because it does not benefit from a specific aircraft related derogation.


38.3.4. This is a very low volume but necessary usage.


38.4. [bookmark: _Toc146196976]Substitutes / Alternatives


38.4.1. The alternative is a different product design from the actual product from its simulator or training aid.


38.5. [bookmark: _Toc146196977]Forever Chemicals


38.5.1. None expected.  Unirradiated PTFE does not contain perfluorocarboxylates (PFOA family) and is not expected to degrade over time into perfluorocarboxylates.


38.6. [bookmark: _Toc146196978]Number of companies affected


38.6.1. 10 to 100 companies


38.7. [bookmark: _Toc146196979]Annual Tonnage 


38.7.1. 0 - 10  tons per annum.


38.8. [bookmark: _Toc146196980]Timeline Requested


38.8.1. 13.5 years - A very low volume usage that does not reasonably change the volume of fluorochemical for any application as the simulator or training aid would generally be expected to be much lower volume than the application or product it is simulating.





39. [bookmark: _Toc146196981]C28 - Fluorinated polyethylene for chemical storage


39.1. [bookmark: _Toc146196982]Text for derogation


39.1.1. Fluorinated polyethylene for chemical storage and handling.  Maximum of 2ppm of C4-C14 perfluoroalkyl carboxylates


39.2. [bookmark: _Toc146196983]Alternative text


39.2.1. Fluorinated polyethylene for chemical purposes.  Maximum of 2ppm of C4-C14 perfluoroalkyl carboxylates


39.3. [bookmark: _Toc146196984]Use and Functionality


39.3.1. Polyethylene is not resistant to all types of chemicals.  In laboratory or chemical environments, fluorinated polyethylene is used for the storage of chemicals.


39.3.2. Fluorinated polyethylene is polyethylene that has been exposed to fluorine gas.  The fluorine gas replaces some of the hydrogens in polyethylene creating a fluorinated polyethylene.


39.3.3. Fluorinated polyethylene is a chemical and UV resistance version of polyethylene and is widely used as a container or vessel for chemical storage or transport.  Most laboratories or universities have some fluorinated polyethylene containers.


39.4. [bookmark: _Toc146196985]Substitutes / Alternatives


39.4.1. PFA fluoropolymer has similar performance as fluorinated polyethylene, but is more flexible and not suitable for most applications of fluorinated polyethylene.


39.4.1.1. PFA also often contains low concentrations of perfluorocarboxylates.


39.5. [bookmark: _Toc146196986]Forever Chemicals


39.5.1. Fluorinated polyethylene often contains a wide range of perfluorocarboxylates (PFOA family) due to the reaction of polyethylene and fluorine in an oxygen environment.  Some of the polyethylene chains are fractured creating low concentrations of perfluorocarboxylates.


39.6. [bookmark: _Toc146196987]Number of companies affected


39.6.1. 100 to 1,000 companies


39.7. [bookmark: _Toc146196988]Annual Tonnage 


39.7.1. 10 to 100  tons per annum.


39.8. [bookmark: _Toc146196989]Timeline Requested


39.8.1. 13.5 years - A very specialized usage with limited public exposure.  Restricted to chemical handling and storage. Replacement would create a safety hazard for workers.





40. [bookmark: _Toc146196990]C29 - ePTFE seals


40.1. [bookmark: _Toc146196991]Text for derogation


40.1.1. ePTFE as a gasket / seal material in professional applications. Maximum of 5ppm of C4-C14 perfluoroalkyl carboxylates


40.2. [bookmark: _Toc146196992]Alternative text


40.2.1. ePTFE as a gasket / seal material. Maximum of 5ppm of C4-C14 perfluoroalkyl carboxylates


40.3. [bookmark: _Toc146196993]Use and Functionality


40.3.1. Expanded PTFE (ePTFE), like other fluoropolymers, is an excellent seal material for fluids.


40.3.2. ePTFE seals are listed as a separate derogation request as it commonly contains perfluorocarboxylates (PFOA family) and the derogation request is limited to professional uses.


40.3.3. At high and low temperatures such as industrial, commercial and even residential HVAC, refrigeration & cryogenic applications  It is particularly well suited for field service repairs due to its conformability and for applications requiring fast sealing/repeated use.


40.4. [bookmark: _Toc146196994]Substitutes / Alternatives


40.4.1. Other polymers do not have the chemical and temperature resistance or range of fluoropolymers.  


40.4.2. ePTFE, unlike PTFE, is compressible and is useful for applications that require the performance of a fluoropolymer and compressibility.


40.5. [bookmark: _Toc146196995]Forever Chemicals


40.5.1. ePTFE commonly contains perfluorocarboxylates (PFOA family), likely from irradiation of the original powder to allow for expansion into a fibre.  The perfluorocarboxylates are related to the manufacturing process, and ePTFE does not have the C-O-C bond that would lead to further degradation over time.


40.6. [bookmark: _Toc146196996]Number of companies affected


40.6.1. 100 to 1,000 companies


40.7. [bookmark: _Toc146196997]Annual Tonnage 


40.7.1. 10 to 100  tons per annum.


40.8. [bookmark: _Toc146196998]Timeline Requested


40.8.1. 13.5 years - A specialized use for compressible fluoropolymer seals.  Derogation requested is limited to professional applications that require specialized performance of ePTFE.





41. [bookmark: _Toc146196999]C31a - Fluoro acrylate side chain coatings for antismudge


41.1. [bookmark: _Toc146197000]Text for derogation


41.1.1. Fluoroacrylates for antismudge and antireflective coatings for plastics and glass.  Maximum of  1ppm of C4-C6 perfluoroalkyl carboxylates.  Maximum of 1ppm of C7-C14 perfluoroalkyl carboxylates for 6.5 years


41.2. [bookmark: _Toc146197001]Alternative text


41.2.1. N/A


41.3. [bookmark: _Toc146197002]Use and Functionality


41.3.1. Side chain fluoropolymers are fluoropolymers such as fluorosilicone or fluoroacrylates that have a backbone of a non-fluorinated polymer (such as silicone or acrylic) with a side chain connected fluoro chain.


41.3.2. A side chain fluoropolymer bonds with a glass or plastic using its backbone chain of silicone or acrylic, and imparts fluoropolymer properties to the material with the side chain fluoro chain.  These coatings are available in both standard and nano-coating form.


41.3.3. Side chain fluoropolymers are used as anti-smudge, anti-fingerprint, and anti-reflective coatings on surfaces.  


41.3.4. This derogation request is only for fluoroacrylate and excludes fabric using fluoro side chain polymers for environmental or other uses.


41.3.5. Fluorosilicone and similar nano-coatings for the same purpose are covered in a separate derogation request.


41.4. [bookmark: _Toc146197003]Substitutes / Alternatives


41.4.1. Other anti-fingerprint coatings exist, such as parylene, but they do not adhere to plastic substrates as effectively as fluoropolymer side chain polymers and have lower thermal stability.


41.4.2. Fluoroacrlates are generally replaceable with non perfluorocarboxylate containing fluorosilicones or nanofluoropolymers.


41.5. [bookmark: _Toc146197004]Forever Chemicals


41.5.1. Fluoroacrylates contain a range of perfluorocarboxylates due to the weak C-O-C bond between the fluoro side chain and the base acrylic polymer.  Fracturing of that bond during manufacturing and over time creates perfluorocarboxylates (PFOA family).


41.5.2. Fluorosilicones side chains are not attached to the base silicone polymer with weak C-O-C bonds, do not normally degrade into perfluorocarboxylates, and are covered under a separate derogation reqeust


41.5.3. Fluoro acrylate polymers are very commonly used, and a phase out is required.


41.6. [bookmark: _Toc146197005]Number of companies affected


41.6.1. 1,000 to 10,000 companies


41.7. [bookmark: _Toc146197006]Annual Tonnage 


41.7.1. 10 to 100  tons per annum.


41.8. [bookmark: _Toc146197007]Timeline Requested


41.8.1. 6.5 years (long chain perfluorocarboxylates) - widely used but replaceable with nonperfluorocarboxylate (non-PFOA family) contains fluorosilicones and nanocoatings.





42. [bookmark: _z4ha7ob8wss5][bookmark: _Toc146197008]C31b - Fluorosilicone and nano fluoro coatings for antismudge


42.1. [bookmark: _xycuz4eg57d7][bookmark: _Toc146197009]Text for derogation


42.1.1. Fluorosilicone and nano-fluorocoatings  for antismudge and antireflective coatings for plastics and glass.  


42.2. [bookmark: _zf2nsnvqwfyx][bookmark: _Toc146197010]Alternative text


42.2.1. N/A


42.3. [bookmark: _og9b1xc9jryy][bookmark: _Toc146197011]Use and Functionality


42.3.1. Side chain fluoropolymers are fluoropolymers such as fluorosilicone or fluoroacrylates that have a backbone of a non-fluorinated polymer (such as silicone or acrylic) with a side chain connected fluoro chain.


42.3.2. A side chain fluoropolymer bonds with a glass or plastic using its backbone chain of silicone or acrylic, and imparts fluoropolymer properties to the material with the side chain fluoro chain.  These coatings are available in both standard and nano-coating form.


42.3.3. Side chain fluoropolymers are used as anti-smudge, anti-fingerprint, and anti-reflective coatings on surfaces.  


42.3.4. This derogation request is only for fluorosilicone and nanofluorocoatings that do not contain perfluorocarboxylates (PFOA family) and do not degrade into perfluorocarboxylates.


42.3.5. Fluorosilicone and similar nano-coatings for the same purpose are covered in a separate derogation request.


42.4. [bookmark: _kle0xw29b8sd][bookmark: _Toc146197012]Substitutes / Alternatives


42.4.1. Other anti-fingerprint coatings exist, such as parylene, but they do not adhere to plastic substrates as effectively as fluoropolymer side chain polymers and have lower thermal stability.


42.5. [bookmark: _hj534tu7g14x][bookmark: _Toc146197013]Forever Chemicals


42.5.1. Fluoroacrylates contain a range of perfluorocarboxylates due to the weak C-O-C bond between the fluoro side chain and the base acrylic polymer.  Fracturing of that bond during manufacturing and over time creates perfluorocarboxylates (PFOA family).


42.5.2. Fluorosilicones side chains are not attached to the base silicone polymer with weak C-O-C bonds, do not normally degrade into perfluorocarboxylates, and are covered under a separate derogation reqeust


42.5.3. Fluoro acrylate polymers are very commonly used, and a phase out is required.


42.6. [bookmark: _4vba00tfezy1][bookmark: _Toc146197014]Number of companies affected


42.6.1. 1,000 to 10,000 companies


42.7. [bookmark: _xz3f3m8jjh31][bookmark: _Toc146197015]Annual Tonnage 


42.7.1. 10 to 100  tons per annum.


42.8. [bookmark: _9ynw3kz4zpe2][bookmark: _Toc146197016]Timeline Requested


42.8.1. 13.5 years - widely used, very low concentration, not easily replaceable with other materials, and no forever chemicals.








43. [bookmark: _Toc146197017]C32a - Fluoropolymer seals and spacers


43.1. [bookmark: _Toc146197018]Text for derogation


43.1.1. PTFE, FEP, PCTFE, PVDF, and TFE (including copolymers) as a sealing or spacer material.


43.2. [bookmark: _Toc146197019]Alternative text


43.2.1. N/A


43.3. [bookmark: _Toc146197020]Use and Functionality


43.3.1. PTFE (and similar) polymers are commonly used as sealing materials in products.  PTFE seals are used in fluid applications, gas applications, and applications requiring protection from humidity.


43.3.2. PTFE seals are very common in fluid and gas components due to their acid resistance, alkali resistance, oil resistance, temperature resistance, and low weight.  Virtually all fluid or gas transportation or storage equipment (consumer or professional) has at least one fluoropolymer seal.


43.3.3. PTFE seals are common in electronics for humidity protection.  Moisture sensitive equipment with high operating temperature, such as hard drives, commonly use fluoropolymer seals for humidity protection.


43.3.4. In addition, PTFE seals extend product life/service intervals thereby reducing potential fluid and gas releases/exposures.


43.3.5. This derogation is intended to include PTFE as the main sealing material or as a reinforcement to another sealing material.


43.4. [bookmark: _Toc146197021]Substitutes / Alternatives


43.4.1. Other polymers do not have the wide range of environmental resistance as fluoropolymers and do not have the temperature resistance necessary for dense electronics.


43.4.2. In most applications, alternative sealing materials were tested, and no materials and closure systems showed positive results.


43.5. [bookmark: _Toc146197022]Forever Chemicals


43.5.1. None expected. Unirradiated PTFE, FEP, PCTFE, PVDF, and TFE copolymers do not perfluorocarboxylates and do not have the C-O-C bond that would lead to degradation into perfluorocarboxylates over time.


43.6. [bookmark: _Toc146197023]Number of companies affected


43.6.1. 10,000+ companies


43.7. [bookmark: _Toc146197024]Annual Tonnage 


43.7.1. 100 to 1,000  tons per annum.


43.8. [bookmark: _Toc146197025]Timeline Requested


43.8.1. 13.5 years - Other polymers cannot meet the performance capability of fluoropolymer seals, replacement would introduce safety and performance risks to both fluid/gas applications and to electronics, replacement would reduce the life expectancy of electronics, and this usage has no expectation of perfluorocarboxylates being generated.





44. [bookmark: _Toc146197026]C32b - PFA seals


44.1. [bookmark: _Toc146197027]Text for derogation


44.1.1. PFA as a sealing or spacer material in professional applications.  


44.2. [bookmark: _Toc146197028]Alternative text


44.2.1. PFA as a sealing or spacer material, or


44.2.2. Include PFA in the above PTFE (and similar) derogation


44.3. [bookmark: _Toc146197029]Use and Functionality


44.3.1. PFA seals are used in professional applications that require extreme chemical resistance or flexibility advantages not available with standard PTFE.


44.3.2. PFA seals are used in the food, chemical, and petrochemical industries in applications requiring resistance to cold-flow and compression or require an adaptive seal.


44.4. [bookmark: _Toc146197030]Substitutes / Alternatives


44.4.1. Other polymers do not have the wide range of environmental resistance as fluoropolymers and do not have temperature resistance necessary for dense electronics.


44.4.2. PTFE and similar fluoropolymers do not have the flexibility and adaptability of PFA.


44.5. [bookmark: _Toc146197031]Forever Chemicals


44.5.1. PFA commonly (but not always) has perfluorocarboxylates from fracturing of the side chain fluoro chain attached to the PFA fluoropolymer


44.5.2. A separate derogation request for perfluorocarboxylates is included in this report.


44.6. [bookmark: _Toc146197032]Number of companies affected


44.6.1. 100 to 1,000


44.7. [bookmark: _Toc146197033]Annual Tonnage 


44.7.1. 10 to 1000  tons per annum.


44.8. [bookmark: _Toc146197034]Timeline Requested


44.8.1. 13.5 years - A specialized performance seal for professional/industrial uses.  Replacement of PFA in specialized applications that require its chemical and temperature resistance with its adaptive properties (due to higher flexibility than other fluoropolymers) is not possible at this time.








45. [bookmark: _Toc146197035]C33 - PVDF and ETFE in circulation systems


45.1. [bookmark: _Toc146197036]Text for derogation


45.1.1. PVDF and ETFE as a component in fluid or gas systems 


45.2. [bookmark: _Toc146197037]Alternative text


45.2.1. PVDF and ETFE as a component in fluid or gas systems for professional, industrial, medical, or pharmaceutical applications.


45.3. [bookmark: _Toc146197038]Use and Functionality


45.3.1. PVDF and ETFE are commonly used as a component in fluid or gas systems.  PVDF is an excellent material for connectors in fluid systems.  PVDF has advantages in high temperature tolerances that make it very useful for industrial or heating applications.  ETFE has similar advantages to PVDF, but has high tensile strength.


45.3.2. PVDF and ETFE have excellent water, acid, alkali, and UV resistance and is commonly used for connectors, pipe fittings,  flanges, pipes, and other components in fluid or gas systems.


45.3.3. The use of PVDF or ETFE in fluid or gas systems is related to (depending on the application) chemical resistance, temperature resistance, salt water resistance, UV resistance, tensile strength, and/or abrasion resistance.


45.4. [bookmark: _Toc146197039]Substitutes / Alternatives


45.4.1. The only other polymer with similar properties is PTFE.  PTFE is higher density and has less abrasion resistance than PVDF.  PVDF is preferred in industrial or heating applications for piping.  ETFE has higher tensile strength than PTFE and can be used under harsher conditions that PTFE.


45.5. [bookmark: _Toc146197040]Forever Chemicals


45.5.1. None expected.  PVDF and ETFE does not normally contain any perfluorocarboxylates or perfluorosulfonates.


45.6. [bookmark: _Toc146197041]Number of companies affected


45.6.1. 10,000+


45.7. [bookmark: _Toc146197042]Annual Tonnage 


45.7.1. 1,000+  tons per annum.


45.8. [bookmark: _Toc146197043]Timeline Requested


45.8.1. 13.5 years - No other polymers have the equivalent performance in fluid and gas applications, low risk to human health, and widely used.








46. [bookmark: _Toc146197044]C34 - PTFE for security protection of labels


46.1. [bookmark: _Toc146197045]Text for derogation


46.1.1. PTFE in coatings of labels for security or tamper evidence.  Maximum of 2ppm of C4-C14 perfluoroalkyl carboxylates.


46.2. [bookmark: _Toc146197046]Alternative text


46.2.1. PTFE in coatings of products for security or tamper evidence.  Maximum of 2ppm of C4-C14 perfluoroalkyl carboxylates


46.3. [bookmark: _Toc146197047]Use and Functionality


46.3.1. PTFE is used, not only as a label coating for environmental resistance, but also for security protection such as tamper evidence.


46.3.2. PTFE coating of a label or similar product protects the label from tampering.  Removal of the PTFE is not achievable with simple chemicals and would require abrasion.  The abrasion would easily show the tampering.


46.3.3. Unirradiated and irradiated PTFE is used in this application.   Irradiated PTFE material film is also used in the label in order to provide evidence that the label seal has been damaged/broken by an “attacker”. The soft PTFE material is left on the product showing it to be "Void". 


46.3.4. This is a relatively specialized low volume but necessary use of PTFE.


46.4. [bookmark: _Toc146197048]Substitutes / Alternatives


46.4.1. For security - no other polymer provides the same tamper proof properties (chemical resistance) as PTFE as a coating.  Use of another polymer would reduce the security of devices especially those for financial transactions or personal identification.


46.4.2. For tamper evidence - PTFE material film (plus an adhesive) is used in the label in order to provide evidence.  Other plastics do not have the combination of chemical resistance and visibility of tampering than irradiated (soft) PTFE.


46.5. [bookmark: _Toc146197049]Forever Chemicals


46.5.1. Unirradiated PTFE - None expected.  PTFE coatings would not normally contain perfluorocarboxylates (PFOA family) and do not have the C-O-C bond that results in degradation into perfluorocarboxylates.


46.5.2. Irradiated PTFE - Irradiated PTFE normally contains a concentration of ~100 ppb of each of the perfluorocarboxylates (PFOA family).  These perfluorocarboxylates are created during the original manufacturing process of the specialized security film.  Since PTFE does not contain a fragile C-O-C bond, no further degradation is expected over time.


46.6. [bookmark: _Toc146197050]Number of companies affected


46.6.1. 10 to 100


46.7. [bookmark: _Toc146197051]Annual Tonnage 


46.7.1. 0 to 10 tons


46.8. [bookmark: _Toc146197052]Timeline Requested


46.8.1. 13.5 years - Specialized low volume use, no reasonable alternatives, required for security and financial transactions, and limited risk to human health.








47. [bookmark: _Toc146197053]C35 - Fluoroacrylate and PFA coatings for semiconductors


47.1. [bookmark: _Toc146197054]Text for derogation


47.1.1. Fluoroacrylic coatings and PFA (and solvents) for encapsulation of capacitors or semiconductor components.  Maximum of 2ppm of C4-C14 perfluoroalkyl carboxylates and 10ppm residual fluoroethers


47.2. [bookmark: _Toc146197055]Alternative text


47.2.1. Fluoroacrylic coatings and PFA (and solvents) for capacitor and semiconductor manufacturing.  Maximum of 2ppm of C4-C14 perfluoroalkyl carboxylates and 10ppm residual fluoroethers


47.3. [bookmark: _Toc146197056]Use and Functionality


47.3.1. Thin fluoroacrylate coatings (often using fluoroether solvents) are commonly used for encapsulation / water protection of capacitors and semiconductors.


47.3.2. These very thin coatings on very small parts protect the capacitor or semiconductor device from water and other environmental contaminants, reducing the risk of failure and prolonging the lifetime of the device.


47.3.3. This application of fluoroacrylates or PFA is at very small concentrations and may not even be detectable by most laboratories test methods after application.


47.3.4. This derogation includes perfluoroethers used to manufacture the fluoroacrylate film.  Perfluoroethers are a common solvent for fluoroacrylates.


47.4. [bookmark: _Toc146197057]Substitutes / Alternatives


47.4.1. No other thin coating provides the hydrophobic and oleophobic protection of fluoroacrylates while being able to adhere to acrylic and similar substrates.


47.5. [bookmark: _Toc146197058]Forever Chemicals


47.5.1. Fluoroacrylates and PFA normally contain perfluorocarboxylates from the fracturing of the C-O-C connecting the fluoro side chain to the acrylic or fluoro polymer backbone.  However, the overall concentration of the fluoroacrylate or PFA coating on the device may be so small/thin, that the perfluorocarboxylates would not be measurable in the final device.


47.5.2. The application of fluoroacrylates on capacitors and semiconductors often requires a small amount of perfluoroethers as a solvent.  A small concentration of perfluoroethers would be expected in the final coating, however the coating would be so small/thin that the fluoroethers would likely be not detectable with standard test methods.


47.6. [bookmark: _Toc146197059]Number of companies affected


47.6.1. 10,000+


47.7. [bookmark: _Toc146197060]Annual Tonnage 


47.7.1. 0 to 10 tons


47.8. [bookmark: _Toc146197061]Timeline Requested


47.8.1. 13.5 years - Specialized use internal to electronics, very low human exposure, very low annual tonnage, reduces the potential for failure of electronic products, and prolongs the life of electronic devices.








48. [bookmark: _Toc146197062]C36 - Fluoro sprays for industrial lubrication


48.1. [bookmark: _Toc146197063]Text for derogation


48.1.1. PTFE and fluorosilicone sprays for maintaining lubrication in industrial equipment.


48.2. [bookmark: _Toc146197064]Alternative text


48.2.1. PTFE and fluorosilicone lubricants for maintaining lubrication in machinery.


48.3. [bookmark: _Toc146197065]Use and Functionality


48.3.1. Metal (and some plastic) parts have very high coefficients of frictions.  PTFE and fluorosilicone sprays are capable of dramatically reducing the friction of metal parts with only a thin layer applied.


48.3.2. Fluorosprays are very commonly used on metal parts in contact with other metal parts such as gears, shafts, and bearings.  Without a fluoro spray, the metal parts would have very high friction and wear.


48.3.3. Fluid lubrication is not possible in all situations, and a thin layer of PTFE or fluorosilicone is necessary for lubrication.


48.3.4. Note - one side effect of the use of fluorolubricants on machinery is that some of the lubricants can be expected (especially fluorosilicone) to migrate to products contacting machinery during their manufacturing process.  Manufacturers will need to take care not to allow fluoro lubricants on their machinery to contaminate products they contact.


48.4. [bookmark: _Toc146197066]Substitutes / Alternatives


48.4.1. No other spray is as effective in low concentrations and thickness in achieving reducing friction.  


48.4.2. Silicone spray is less effective than fluoro sprays and often contains D4, D5, and D6 forever chemicals (also regulated in the EU with further restriction expected).  Silicone lubricants stay ‘wet’, apply thicker, do not have good high temperature resistance, and are less effective on moving parts.


48.4.3. Fluoroacrylates require specific plastic substances to adhere and normally contain perfluorocarbonxylates (and are not included in the scope of this derogation request).


48.5. [bookmark: _Toc146197067]Forever Chemicals


48.5.1. None expected.  PTFE dry sprays and fluorosilicone sprays are not expected to have any measurable forever chemicals.  


48.5.2. PTFE powder in dry spray is not expected to contain perfluorocarboxylates (PFOA) and does not contain the C-O-C bond that degrades into perfluorocarboxylates.


48.5.3. Fluorosilicone may contain trace amounts of D4, D5, and D6, but the thickness of the layer will normally reduce the concentration of those chemicals in the part below measurement detection.


48.6. [bookmark: _Toc146197068]Number of companies affected


48.6.1. 10,000+


48.7. [bookmark: _Toc146197069]Annual Tonnage 


48.7.1. 100 to 1,000 tons


48.8. [bookmark: _Toc146197070]Timeline Requested


48.8.1. 13.5 years - Necessary for the proper functioning of machinery, low risk to human health, wide spread use, and no equivalent alternatives.








49. [bookmark: _Toc146197071]C37 - Fluoro ionic fluids in capacitors


49.1. [bookmark: _Toc146197072]Text for derogation


49.1.1. Ionic fluoro fluids as electrolytes in capacitors or batteries


49.2. [bookmark: _Toc146197073]Alternative text


49.2.1. Ionic fluoro fluids as electrolytes in electrical storage devices.


49.3. [bookmark: _Toc146197074]Use and Functionality


49.3.1. Ionic fluoro fluids (alternatively fluoro ionic fluids, or FILs) have a specialized use as electrolytes in capacitors and batteries.


49.3.2. FILs have chemical/biological inertness, easy recovery and recyclability, low surface tension, extreme surface activity, high gas solubility, negligible vapour pressure, null flammability, and high thermal stability.


49.3.3. FILs are used in lithium, sodium, magnesium, and zinc batteries as they are non-volatile, non-flammable, and high ionic conductivity.  


49.3.4. FILs improve both the performance and safety of batteries and capacitors.


49.3.5. Note - Fluorohydrogenate ionic liquids, one of the most common FIL in capacitors, are very simply structures without a C-O-C and may be removed from the definition of PFAS in the future (as they generally only have one fully fluorinated carbon) 


49.4. [bookmark: _Toc146197075]Substitutes / Alternatives


49.4.1. Other ionic fluids can be used, but these fluids do not exhibit either/or the performance or flammability resistance of FILs.


49.5. [bookmark: _Toc146197076]Forever Chemicals


49.5.1. None expected.  FILs are a large range of chemicals, the commonly used FILs do not have a C-O-C bond that leads to degradation into perfluorocarboxylates (PFOA family).


49.5.2. This derogation request does not include a provision for perfluorocarboxylates, and any FIL that degrades into perfluorocarboxylates would be regulated under the long chain perfluorocarbonxylate restrictions of the EU POP and REACH Regulations.


49.6. [bookmark: _Toc146197077]Number of companies affected


49.6.1. 100 to 1,000 companies


49.7. [bookmark: _Toc146197078]Annual Tonnage 


49.7.1. 10 to 100 tons


49.8. [bookmark: _Toc146197079]Timeline Requested


49.8.1. 13.5 years - Necessary for the safety and performance of high energy density capacitors and batteries, replacement would impact electric vehicles, and low risk to human health.





50. [bookmark: _Toc146197080]C38 - PFPE lubricants for harsh environments


50.1. [bookmark: _Toc146197081]Text for derogation


50.1.1. Perfluorinated polyether (PFPE) as a lubricant for harsh environments


50.2. [bookmark: _Toc146197082]Alternative text


50.2.1. Perfluorinated polyether (PFPE) as a lubricant in professional and industrial applications.


50.3. [bookmark: _Toc146197083]Use and Functionality


50.3.1. Perfluorinated polyethers (PFPE) are used in harsh environments requiring high reliability.  


50.3.2. PFPE operates effectively between -70C and 300C, does not exhibit oxidation, and has low losses from evaporation.  PFPE enables longer relubrication intervals and may be suitable for the lifetime of the application.


50.3.3. PFPE’s low evaporation losses make it suitable for high and ultra vacuum environments.


50.3.4. Harsh environments can include high temperature, corrosive, solvent, natural gas, high vacuum, or equivalent hard environments.


50.4. [bookmark: _Toc146197084]Substitutes / Alternatives


50.4.1. Silicone oil does not have the temperature range of PFPE and is not suitable for contact with some plastics.  PFPE can handle a higher temperature range and is compatible with a wider range of rubbers.


50.5. [bookmark: _Toc146197085]Forever Chemicals


50.5.1. None expected.  PFPE can theoretically degrade into C3 or shorter perfluorocarboxylates, but there is no record of that situation being measured in practice.  Note - Standard testing for perfluorocarboxylates is for C4 perfluorocarbxylates and longer.


50.6. [bookmark: _Toc146197086]Number of companies affected


50.6.1. 100 to 1,000 companies


50.7. [bookmark: _Toc146197087]Annual Tonnage 


50.7.1. 10 to 100 tons


50.8. [bookmark: _Toc146197088]Timeline Requested


50.8.1. 13.5 years - No equivalent replacement and intended for harsh environments with very limited human exposure such as machinery in a vacuum.











51. [bookmark: _Toc146197089]C40 - Pefluorocarboxylates in PFA


51.1. [bookmark: _Toc146197090]Text for derogation


51.1.1. Maximum of 5ppm of C4-C14 perfluoroalkyl carboxylates in derogated applications of perfluoroalkoxy alkane (PFA)


51.2. [bookmark: _Toc146197091]Alternative text


51.2.1. C4-C14 perfluoroalkyl carboxylates in derogated applications of perfluoroalkoxy alkane (PFA).


51.3. [bookmark: _Toc146197092]Use and Functionality


51.3.1. This derogation request is for perfluorocarboxylates in approved derogations of PFA.  


51.3.2. Perfluoroalkoxy alkane (PFA) polymers have C-O-C connected fluoro side chains.  These C-O-C bonds break during manufacturing and further degrade over time creating perfluorocarboxylates.


51.3.3. The length of the side chain does vary amongst different PFA.  For very short side chains (single fully fluorinated carbons), measurable perfluorocarboxylates are not created.  For PFA polymers with longer side chains, a range of short and long chain perfluorocarboxylates are created.


51.3.4. The majority of tested PFA materials in articles measured ~100 ppb of each of C4 to C14 perfluorocarboxylates (PFOA family).  But not all tested PFA contained perfluorocarboxylates.


51.4. [bookmark: _Toc146197093]Substitutes / Alternatives


51.4.1. PFA commonly has perfluorocarboxylates but does not have to.  It will take time to identify and replace perfluorocarboxylate forming PFA as both perfluorocarboxylate containing and non-containing PFA are described as the same polymer and PFA is very widely used in many industries (consumer, professional, medical, and industrial). 


51.5. [bookmark: _Toc146197094]Forever Chemicals


51.5.1. PFA have fluorinated side chains connected by a C-O-C bond. Those side chains can degrade into perfluorocarboxylates through cleavage of the C-O-C bond.


51.5.2. A separate derogation request for perfluorocarboxylates in PFA polymers is included in this report.


51.6. [bookmark: _Toc146197095]Number of companies affected


51.6.1. 10,000+ companies


51.7. [bookmark: _Toc146197096]Annual Tonnage 


51.7.1. 0 to 10 tons (perfluorocarboxylates.  Likely <1 tonne per annum)


51.8. [bookmark: _Toc146197097]Timeline Requested


51.8.1. 6.5 years - Perfluorcarboxylates are in the majority of PFA polymers but are not required for PFA polymers. However, perfluorocarboxylates are common in the majority of PFA polymers and it will take time to identify and replace perfluorocarboxylates containing PFA with non-perfluorocarboxylate containing PFA.








52. [bookmark: _Toc146197098]C41 - Perfluorosulfonates in Fluoroelastomers


52.1. [bookmark: _Toc146197099]Text for derogation


52.1.1. Maximum of 10 ppm 6:2 FTS, 5ppm C4-C6 perfluoroalkyl carboxylates, and 10 ppm bisphenol AF in derogated applications of fluoroelastomers and perfluoroelastomers


52.2. [bookmark: _Toc146197100]Alternative text


52.2.1. 6:2 FTS, C4-C6 perfluoroalkyl carboxylates, and bisphenol AF in derogated applications of fluoroelastomers and perfluoroelastomers


52.3. [bookmark: _Toc146197101]Use and Functionality


52.3.1. This derogation request is for perfluorosulfonates, perfluorocarboxylates, and bisphenol AF crosslinker in approved derogations of fluoroelastomers (including perfluoroelastomers).  


52.3.2. The manufacturing process for fluoroelastomers used a C6 (6 carbon fluorine chain) based fluorotelomer sulfonate surfactant for emulsion polymerization.  The surfactant degrades into 6:2 fluorotelomer sulfonate (6:2 FTS - a short chain fluorotelomer sulfonate).  Over time 6:2 FTS degrades into C4-C7 perfluorocarboxylates (short chain members of the PFOA family).  Any approved derogation for fluoroelastomers would need a derogation for the degradation products of the surfactant for manufacturer fluoroelastomers.


52.3.3. Fluoroelastomers are crosslinked rubber that commonly use bisphenol AF as the crosslinker.  Any approved derogation for fluoroelastomers would need a derogation for residual bisphenol AF.


52.4. [bookmark: _Toc146197102]Substitutes / Alternatives


52.4.1. There are currently no alternatives for the fluorotelomer sulfonate surfactants used for emulsion polymerization of fluoroelastomers.  The principal manufacturers of fluoroelastomers are researching alternatives but there is currently no reasonably feasible alternative.


52.5. [bookmark: _Toc146197103]Forever Chemicals


52.5.1. 6:2 FTS and C4-C7 perfluorocarboxylates as degradation products of the fluorotelomer sulfonate surfactant manufacturing aid.


52.5.2. Residual bisphenol AF as the crosslinking agent.


52.6. [bookmark: _Toc146197104]Number of companies affected


52.6.1. 10,000+ companies


52.7. [bookmark: _Toc146197105]Annual Tonnage 


52.7.1. 0 to 10 tons (perfluorocarboxylates and perfluorosulfonates.  Likely <1 tonne per annum)


52.8. [bookmark: _Toc146197106]Timeline Requested


52.8.1. 13.5 years - No current replacements for the emulsion surfactant and crosslinkers for fluoroelastomers.  Fluoroelastomers have specialized uses and derogation of the degradation products of their manufacturing aids is needed for their continued use.








53. [bookmark: _Toc146197107]C43 - PVDF in ferroelectric films


53.1. [bookmark: _Toc146197108]Text for derogation


53.1.1. PVDF polymers and PVDF terpolymers for ferroelectric films.


53.2. [bookmark: _Toc146197109]Alternative text


53.2.1. PVDF polymers and PVDF terpolymers for ferroelectric films in actuators and micro sensors.


53.3. [bookmark: _Toc146197110]Use and Functionality


53.3.1. PVDF based polymers (PVDF polymers and PVDF terpolymers) are used for ferroelectric films in actuators and micro sensors.


53.3.2. PVDF films have ferroelectric and piezoelectric properties that make them very useful for actuators and micro sensors.  


53.3.3. PVDF films have the advantages of a stable molecular dipole moment, compact crystal structure, conformational flexibility, and minimal steric hindrance.  Ferroelectric polymers, either PVDF or P(VDF-TrFE), have large piezoelectric coefficients and high electrical outputs.


53.4. [bookmark: _Toc146197111]Substitutes / Alternatives


53.4.1. Specialized PVDF films have the highest dielectric constant of polymers, are new innovations, and are not replaceable with other materials.


53.5. [bookmark: _Toc146197112]Forever Chemicals


53.5.1. None expected.  PVDF and PVDF terpolymers do not contain perfluorocarboxlates and do not have a chemical structure conducive to degradation into perfluorocarboxylates.


53.6. [bookmark: _Toc146197113]Number of companies affected


53.6.1. 10 to 100 companies


53.7. [bookmark: _Toc146197114]Annual Tonnage 


53.7.1. 0 to 10 tons 


53.8. [bookmark: _Toc146197115]Timeline Requested


53.8.1. 13.5 years - Very specialized low volume use with little risk to human health.








54. [bookmark: _Toc146197116]C44 - Fluoroether for degreasing applications


54.1. [bookmark: _Toc146197117]Text for derogation


54.1.1. Fluoroethers for degreasing applications


54.2. [bookmark: _Toc146197118]Alternative text


54.2.1. N/A


54.3. [bookmark: _Toc146197119]Use and Functionality


54.3.1. Fluoroethers for vapour solvent degreasing of machined parts is widely used.  


54.3.2. Fluoroethers have high solvency strength, low nonvolatile residue and low surface tension.   Fluorinated solvents provide excellent cleaning performance.


54.3.3. Fluoroethers are critical for comprehensive cleaning of metal machined parts particularly for the medical and pharmaceutical industries.


54.3.4. Without fluorethers, residue and contamination on machine parts will be common on machined parts.


54.4. [bookmark: _Toc146197120]Substitutes / Alternatives


54.4.1. Chlorinated and brominated solvents can be used to degrease metal parts, they have higher greenhouse gas and environmental emissions; and reduced solvency power - resulting in most environmental hazards and would reduce part quality.


54.5. [bookmark: _Toc146197121]Forever Chemicals


54.5.1. None expected.  Fluoroethers are not expected to degrade into perfluorocarboxylates.  Fluoroethers themselves have short half lifes in the environment and are not bioaccumulants of their own.


54.6. [bookmark: _Toc146197122]Number of companies affected


54.6.1. 1,000 to 10,000 companies


54.7. [bookmark: _Toc146197123]Annual Tonnage 


54.7.1. 100 to 1,000 tons


54.8. [bookmark: _Toc146197124]Timeline Requested


54.8.1. 13.5 years - Necessary for reduced greenhouse gas emissions, reduced contaminants on medical devices, degrade in the environment, and have low risk to human health.





55. [bookmark: _Toc146197125]C45 - HFO for Insulating Foam


55.1. [bookmark: _Toc146197126]Text for derogation


55.1.1. Hydrofluoroolefins used as blowing agents for insulating spray foam internal to products.


55.2. [bookmark: _Toc146197127]Alternative text


55.2.1. Hydrofluoroolefins used as blowing agents for spray foam.


55.3. [bookmark: _Toc146197128]Use and Functionality


55.3.1. Hydrofluorolefins (HFO) are a low greenhouse gas blowing agent for insulating foam.  


55.3.2. HFO blowing agents are not flammable, have zero ozone depletion potential (ODP), and have low global warming potential (GWP).


55.3.3. HFOs are technicallyc2 PFAS, but most only have one fully fluorinated carbon and may not qualify as a PFAS in update definitions that require chains for at least two fully fluorinated carbons.


55.4. [bookmark: _Toc146197129]Substitutes / Alternatives


55.4.1. HFOs are the environmentally friendly replacements for hydrofluorocarbons (HFCs).  To meet greenhouse gas emissions targets, companies need to continue to use and convert to HFOs.


55.5. [bookmark: _Toc146197130]Forever Chemicals


55.5.1. None expected.  HFOs do not have C-O-C bonds that lead to degradation into perfluorocarboxylates.


55.6. [bookmark: _Toc146197131]Number of companies affected


55.6.1. 10 to 100 companies


55.7. [bookmark: _Toc146197132]Annual Tonnage 


55.7.1. 100 to 1,000 tons


55.8. [bookmark: _Toc146197133]Timeline Requested


55.8.1. 13.5 years - Necessary for reducing greenhouse gasses, and no expected risk to human health.





56. [bookmark: _Toc146197134]C46 - PTFE as a high temperature manufacturing aid or tool


56.1. [bookmark: _Toc146197135]Text for derogation


56.1.1. PTFE as a manufacturing aid or tool for high temperature (> 150C) applications


56.2. [bookmark: _Toc146197136]Alternative text


56.2.1. N/A


56.3. [bookmark: _Toc146197137]Use and Functionality


56.3.1. PTFE has high temperature tolerance and is commonly used in manufacturing processes as a tool or aid.


56.3.2. Numerous manufacturing processes involve high temperatures (such as soldering) and PTFE is commonly used as a holder or tool for the process.


56.3.3. Examples of PTFE as a high temperature manufacturing aid is a holder for parts during soldering, cutting jig, or insertion tool.  Many of the applications covered in this derogation are custom and specialized for a specific manufacturing process.


56.4. [bookmark: _Toc146197138]Substitutes / Alternatives


56.4.1. Metals are too thermally conductive for most high temperature manufacturing processes.  Other polymers either do not have the temperature resistance of PTFE (example - polyethylene) or are difficult to machine into custom tools (example - PEEK).


56.5. [bookmark: _Toc146197139]Forever Chemicals


56.5.1. None expected.  Unirradiated PTFE does not contain perfluorocarboxylates and does not have C-O-C bonds that lead to degradation into perfluorocarboxylates.


56.6. [bookmark: _Toc146197140]Number of companies affected


56.6.1. 1,000 to 10,000 companies


56.7. [bookmark: _Toc146197141]Annual Tonnage 


56.7.1. 1,000 - 10,000 tons


56.8. [bookmark: _Toc146197142]Timeline Requested


56.8.1. 13.5 years - Alternative materials do not have the necessary high temperature resistance and machinability, this derogation is limited to professional applications, and no expected risk to human health.





57. [bookmark: _Toc146197143]C48 - Fluorocoatings for optical components


57.1. [bookmark: _Toc146197144]Text for derogation


57.1.1. Fluorocoatings on laser fibers, laser fiber components, and fibers for optical purposes including light guidance.


57.2. [bookmark: _Toc146197145]Alternative text


57.2.1. N/A


57.3. [bookmark: _Toc146197146]Use and Functionality


57.3.1. Optical fibers and optical fiber based components commonly use fluoroacrylate coatings for guiding light for use in industrial, medical, defense, instrumentation, telecommunication and sensing markets.


57.3.2. UV curable coatings based on fluorinated polymers (amorphous fluoropolymers) are used in the connecting optical fibres or fiber based components to maintain light guidance along a chain of fiber and fiber based compoonents making a device.  


57.3.3. For optical components, light guidance needs to be maintained with high reliability and precise optical matching to avoid losses and transmit light between beam forming between components. 


57.3.4. These applications generally require fluoropolymers coating applied to glass typically in tens of micrometer thickness to accept and deliver high numerical aperture light.  


57.3.5. This derogation includes both the fluorocoating and potential residual perfluoroethers solvents that may be present in the final film.


57.4. [bookmark: _Toc146197147]Substitutes / Alternatives


57.4.1. Alternative materials are not as transparent to visible light and have poorer optical matching properties.


57.5. [bookmark: _Toc146197148]Forever Chemicals


57.5.1. None expected.  The amount of amorphous fluoropolymer is not sufficient for measurable perfluorocarboxylates in the final device even for a potential degradation product.


57.6. [bookmark: _Toc146197149]Number of companies affected


57.6.1. 100 to 1,000


57.7. [bookmark: _Toc146197150]Annual Tonnage 


57.7.1. 0 to 10 tons


57.8. [bookmark: _Toc146197151]Timeline Requested


57.8.1. 13.5 years - Alternative materials do not have same performance / light compatibility, no expected risk to human health, and is a low volume application.





58. [bookmark: _Toc146197152]C51 - F2 gas fluorinated plastics in capacitors


58.1. [bookmark: _Toc146197153]Text for derogation


58.1.1. F2 gas fluorinated plastics in capacitors and microchips


58.2. [bookmark: _Toc146197154]Alternative text


58.2.1. N/A


58.3. [bookmark: _Toc146197155]Use and Functionality


58.3.1. A microlayer of fluorinated material is created in capacitors and semiconductor devices by F2 gas fluorination (usually plasma fluorination) of a plastic such as polyethylene or polyphenylene sulfide


58.3.2. The thin layer has amorphous fluorinated alkane molecules.  


58.3.3. This very thin internal fluorinated layer provides specialized capacitance curves and is useful in specialized applications.


58.4. [bookmark: _Toc146197156]Substitutes / Alternatives


58.4.1. Thin fluorinated plastics provide capacitance performance advantages not available in other materials.


58.5. [bookmark: _Toc146197157]Forever Chemicals


58.5.1. None expected.  The fluorination occurs mostly in argon and is not expected to create the perfluorocarboxylates generally seen in fluorination of plastics in air.


58.6. [bookmark: _Toc146197158]Number of companies affected


58.6.1. 100 to 1,000


58.7. [bookmark: _Toc146197159]Annual Tonnage 


58.7.1. 0 to 10 tons


58.8. [bookmark: _Toc146197160]Timeline Requested


58.8.1. 13.5 years - Alternative materials do not have the same performance, no expected risk to human health, internal to electronics, and is a low volume application.





59. [bookmark: _Toc146197161]C52 - PTFE additive in die attach paste


59.1. [bookmark: _Toc146197162]Text for derogation


59.1.1. PTFE filled die attach material for semiconductor devices


59.2. [bookmark: _Toc146197163]Alternative text


59.2.1. N/A


59.3. [bookmark: _Toc146197164]Use and Functionality


59.3.1. PTFE added to die attach paste in semiconductor component for improved thermal performance.


59.3.2. The additive of PTFE to the die attach paste reduces ‘popcorning’ for repeat solder re-flows of the component.


59.4. [bookmark: _Toc146197165]Substitutes / Alternatives


59.4.1. No other polymer powder is as chemically inert and have as high temperature resistance as PTFE powder.


59.5. [bookmark: _Toc146197166]Forever Chemicals


59.5.1. None expected.  Unirradiated PTFE does not contain perfluorocarboxylates and is not expected to degrade into perfluorocarboxylates.


59.6. [bookmark: _Toc146197167]Number of companies affected


59.6.1. 1,000 to 10,000


59.7. [bookmark: _Toc146197168]Annual Tonnage 


59.7.1. 0 to 10 tons


59.8. [bookmark: _Toc146197169]Timeline Requested


59.8.1. 13.5 years - Alternative materials do not have the same performance, no expected risk to human health, internal to electronics, and is a low volume application.
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Submission/Supporting Evidence Claigan Customer PFAS Use Form - PCB Piezo.xlsx

Uses


			Customer Section						Claigan Section


			Use #			Description of Use (for client to complete)			Covered by Submissions (Y/N)			Claigan Derogation #			Notes


			1			Lubricants: threads, o-rings, plungers, hammer shaft (assembly and maintenance)			Y			c36, c38, c39, c10


			2			surfactant in circuit board cleaner			Y			c44


			3			release agents (undeclared but very common) and pulling lubricants; including foams			Y			c2, c24


			4			PTFE parts including tape			Y			c4a, 


			5			heat shrink			Y			c21


			6			anti-drip in polycarbonate housings			Y			c3a


			7			dielectric (including sil pads and circuit board flame retardant			Y			c3b, c3a


			8			PTFE and ePTFE wires for heat and harsh environments			Y			c7a, c6b


			9			oil used as hydraulic fluid			Y			c22


			10			Label release paper			Y			c20


			11			fluoroelastomers including viton			Y			c12a, c12b


			12			1. for electrical insulation purposes except wiring.			Y			c4a
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Notes


			Notes


			1			The Desctiption of Use section are for company's to complete. 
To the best of your company’s ability, please list each PFAS substance and a description of how that PFAS is used.  Claigan does not expect a deep expertise, we just need to know what uses you believe you have and ensure that it is being included in the derogation.  Claigan will determine what specific derogation text should be produced to cover your uses.  We will ask questions if we need clarification. 


			2			Claigan will review uses and identify if they are being covered under the submission (to be completed by Claigan).


			3			If covered, the expected Claigan derogation number (to be completed by Claigan).
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Submission/Supporting Evidence IPC Response to PFAS Restriction Proposal_v230914.docx




DRAFT


IPC Response to the Proposed Restriction of PFAS 





A responsible industry response to a universal PFAS restriction will require more time





This comment is in response to the European Chemical Agency’s (ECHA) public consultation on the proposal for a restriction of per- and polyfluoroalkyl substances (PFAS) in the Annex XV Restriction Report from 22 March 2023. IPC respectfully submits these comments on behalf of more than 3,200 companies in the electronics manufacturing supply chain, including printed circuit board (PCB) manufacturers, electronics manufacturing services (EMS), cable and wire harness manufacturers, electronics industry suppliers, and original equipment manufacturers (OEMs). IPC members represent the complex and global supply chain for electronics and adjacent industries including consumer, commercial, and high-performance electronics used in aerospace, automotive, defense, medical, and other products found homes and businesses around the world. 





The electronics manufacturing industry is committed to continuously improving the environmental performance and safety of all products placed on the market.





The complexity of the supply chain and the intermediate and final products manufactured by that supply chain does not easily lend itself to gathering credible and accurate information on all essential chemicals and materials embedded in electronics manufacturing processes and products. The properties of thermal stability, chemical inertness, and dielectric strength – among others – qualify PFAS, especially fluoropolymers, as likely candidates for use in a variety of processes and products. These PFAS-containing electronics, intermediate and final products, have utility in millions of applications, many of which are embedded in everyone's daily operations, enable life sustaining services, and underpin our modern economies.  


As of the end of August 2023, more than 150 comments submitted to ECHA by electronics companies or associations state similar findings: the utility of PFAS is important and irreplaceable, the supply chain is layered and dynamic, the products manufactured are complex, and their function is governed by laws of physics and chemistry. The ability to efficiently replace these aspects is limited by these complexities, therefore it is critical that ECHA consider a modification to the derogations proposed by the Dossier Submitters. A universal PFAS restriction in electronics could result in inadvertent impacts on the economic well-being of EU companies and residents, a cascade of potential impacts on transportation, telecommunications, defense, health, testing and measurement equipment necessary to detect PFAS, and the day-to-day operations that engage electronics like mobile phone use and cloud storage. To effectively minimize impacts to the users of electronics, the EU economy, and to the digital and green transition already happening in the EU, it is necessary to have a derogation for intermediate and final electronics products for the 18-month transition period plus a minimum of 12 years.






The complex electronics supply chain creates challenges in reliably identifying the presence of PFAS





[image: ]


Figure X. Global Supply Chain for Electronics Products. Each rectangle represents the multitude of companies of varying sizes, types of output, and geographies. The supply chain comprises all sizes of companies, almost all countries around the globe, and thousands of part numbers representing the diversity of products. 


The global supply chain for electronics products is multi-tiered, with thousands of companies responsible for manufacturing the materials (e.g., adhesives, coatings, and laminates) necessary for intermediate electronics products (e.g., semiconductor and passive components, wire and cable, and printed circuit boards) that are then assembled and manufactured to become final products (e.g., consumer, commercial, and high-reliability electronics). Intermediate electronics products include those items that do not function on their own but require assembly into or onto a system to enable performance. Final electronics products are the finished product that comprises intermediate electronics products. Companies that participate in this supply chain vary in size, output, and geography yet they are all part of an ecosystem, a complex system of interconnected and interacting parts that individually are not functional as when they are organized into a system.


The proposed restriction does not fully consider the cascade of utility PFAS provides in this complex electronics supply chain


PFAS are used because of the properties needed by the intermediate and final electronics products, e.g., inertness, hydrophobicity, dielectric strength. The intermediate and final electronics products that were manufactured by PFAS-containing equipment and that contain PFAS are complex products that function in part because of the properties of PFAS and these products are used in important and diverse end applications. If PFAS are restricted without the time necessary to responsibly manage a response, then the ecosystem depicted in Figure X will become imbalanced and each facet of the system will experience its own disruption and the entire ecosystem will be threatened with failure. 


Furthermore, without proper time to develop, demonstrate performance, and study the environmental and health impacts of alternatives, the resulting impact on the electronics products could create additional waste or risk to the end user.


[bookmark: _Int_aA5zQsZv]IPC has worked for more than three years with companies to determine where PFAS may be located or used in the manufacturing supply chain. However, the complexity of identifying suppliers and understanding what kinds of PFAS exist in products has proven difficult. Due to the specialized processes and proprietary composition of the electronic components, the design authority of the end product is often unaware of where PFAS are used.   Additionally based on the broad and varying definitions in the classification of chemistries as PFAS, when presented with a chemical name, it is unclear to the design authority whether it qualifies as PFAS or would fall under the proposed restriction. The skilled electronics workforce includes many types of engineers and scientists, but very few fluorochemists. It can take up to 12 months to track a single chemical through the supply chain and identifying and tracking tens of thousands of PFAS through the electronics supply chain would be practically impossible within the proposed 18-month transition period.


[bookmark: _Int_L9XNTZSu]The identification of chemicals in electronics products is costly. Visibility from the OEMs through EMS and PCB manufacturers to the chemical formulators and chemical manufacturers is constrained by the limited ability to connect with and obligate all supply chain partners to reliably collect and accurately report data on the presence or absence of PFAS used in any number of different electronics manufacturing processes and products. In addition, there has been no reporting or recordkeeping requirements for universal PFAS, therefore, the supply chain does not have mechanisms to track these substances, especially given that PFAS can be present as an impurity or byproduct. While the electronics industry continues to determine where and how PFAS are used, it is anticipated to take decades to find safer and equally effective alternatives and avoid regrettable substitution. 	Comment by Kelly Scanlon: Do we have actual #s (dollar, euro) for this?


By way of example, a large electronics component manufacturer with multiple global operations has roughly 44,000 different suppliers. Of these, roughly 70% are small and mid-sized enterprises as defined by EU recommendation 2003/361. The lack, to date, of recordkeeping and reporting requirements has meant a shift in resources to ensure supply chain education on the many substances covered under this restriction.


PFAS are used in electronics manufacturing processes and products, but the scope of these uses remains elusive; a restriction of PFAS can have many unintended consequences


Table A.48 in the proposed restriction document provides an overview of uses and properties of PFAS in electronics products, but it is missing uses that have yet to be identified. Given the challenges of identifying PFAS in the complex electronics supply chain, industry has only identified some uses. However, what is known so far is that PFAS are necessary to the functionality and safety of electronic products. 


PFAS are used in electronics manufacturing processes and products because of their unique properties. Many publications confer the many properties of PFAS make them a go-to solution for so many products. Some of those properties that make PFAS useful to electronics materials, intermediate products, assembly, and final products include: 


· Chemical stability: PFAS are resistant to chemical reactions and degradations which allow them to have increased stability over time 


· Thermal Stability: PFAS-containing products can withstand high temperatures without degrading 


· Low Surface Tension: PFAS are repellant to liquids and help create nonstick surfaces


· High Thermal and Electrical Insulation: PFAS are useful in electrical components and thermal insulation applications


· Dielectric strength: PFAS offer higher dielectric strength and better insulation properties for high voltage and high speed applications





Table X highlights the properties of PFAS, the major applications in electronics, examples of typical products used in electronics and typical electronics that contain PFAS. The table focuses on essential PFAS uses with no known alternative. This list is not comprehensive or exhaustive.





Table X. TITLE


			Major applications of PFAS in EEE


			Properties where PFAS are required 


Note: not all requirements apply to all applications)


			Typical articles in EEE with this type of application of PFAS


			Typical EEE containing articles with this type of application of PFAS





			Additives in adhesives


			Chemical properties


			Structural adhesives


			Various EEE, HDDs, etc.





			Battery materials


			Chemical, electrochemical, and thermal stability, mechanical flexibility, adhesion properties, permeation resistance, low surface tension 


			Batteries (binder material for electrodes, Lithium salt anions and additives for electrolyte, Separator material, Sealing and insulation materials)


			Various EEE, batteries, ICT equipment, etc.





			Coatings and thin film materials


			Water and oil repellency, chemical resistance, electrical characteristics, dielectric properties resistant to UV radiation, thermal stability, cleanliness, low surface tension, mechanical stability, manufacturability, low transmission loss at high frequencies, wide frequency range, flame retardancy


			Printed circuit boards, flexible circuit coatings, semiconductors, small electronic components (e.g., capacitors, resistors, coils, diodes, transistors, switches, connectors, and electrical junction points), motors, voice coils, liquid crystal panels, touch panels, optical sensors, LED, Toslink, optical fibers, lenses for electronic cameras, projection lenses, polarizers, anti-solder coating, printing applications, epilame in motors


			Various EEE, mobile phones, tablets, printers, cameras, HDDs, medical devices, ICT equipment, etc.





			Display materials


			Low anisotropic refractive index, low viscosity, low voltage drive, heat resistance, durability, dipole moment, chemical and moisture permeation resistance, low surface tension


			Liquid crystal and flat panel display materials and coatings


			Various EEE, TVs, monitors, displays, etc.





			Membrane materials (vents)


			Cleanliness, formability, manufacturability, particle filtration efficiency, permeability to water and organic vapors, thermal stability, chemical stability


			Filter membranes, filter assemblies


			Various EEE, printers, computers, HDDs, mobile phones, smart watches, ICT equipment, 





			Fire prevention, insulation material (safety)


			Low dieletric constant, electrical insulation, flame retardancy, chemical resistance, heat resistance, corrosion resistance, crack resistance, durability, dripping prevention, machineability


			Insulation on cables, wires, and tubing, seals, enclosures, connectors, immersion cooling fluid for data centers, etc.


			Various EEE, cables, monitors, medical equipment, electric appliances, industrial control equipment, printers, ICT equipment, etc.





			Lubricants and additives in lubricants


			Lubrication properties, chemical stability, insulation properties, non-stick properties, thermal stability, electrochemical stability, mechanical reliability, uniformity, cleanliness, manufacturability, and hydrophobicity


			Motors, tape cartridges, tape drives, tape cells, robotics, disks in HDDs, wire coatings, etc.


			Various EEE, cameras, motors, fans, HDDs, electric appliances, medical equipment, industrial control equipment, tape libraries, etc.





			Mechanical materials


			Lubricity and abrasion resistance, low coefficient of friction, flame retardancy, durability, physical properties, low water absorption, low moisture permeability, cleanliness, low stickiness, and manufacturability.


			Sliding parts, guides, pistons, seals, bumpers, motors, tubing, protective coatings, image forming parts of printers, industrial brakes, brakes, etc.


			Various EEE, motors, fans, printers, HDDs, industrial equipment, cameras, displays, etc.





			Optical materials


			Water and oil repellency, flame retardancy, high transmissivity of light, low refractive index


			Optical fiber, plastic optical fiber, optical lens, LED, monitors, panels, fiberglass, optical adhesive, protective coating material, anti-reflective material, etc.


			Various EEE, mobile phones, cameras, lighting, monitors, panels, optical cable, ICT equipment, etc.





			Piezoelectric materials


			Piezoelectricity, durability, heat resistance, flexibility, manufacturability


			Films in speakers, microphones, touch panel, sensors, actuators, etc.


			Various EEE, touch panels, speakers, sensors, microphones, etc.





			Printed circuit board materials


			Flame retardancy, dielectric properties, electrical performance characteristics, temperature stability (high and low), low water absorption, mechanical characteristics, repellency, surface tension


			Printed circuit boards (rigid, flexed, hybrid) - various uses


			Various EEE, transportation/mobility, ICT equipment, base stations, aerospace, etc





			Printing materials


			Low surface tension, electrical insulation, water repellency, oil repellency, chemical resistance, surface activity, high negative charge


			Toner additives, Ink additives, Developer additives


			Printers











This is where we can add information about the “top 10” comments from electronics companies to ECHA as of late August 2023 – source is the table put together by Tiger Team B. New info from DigitalEurope





As noted earlier, as of late August 2023, more than 150 electronics companies and associations responded to the consultation on the proposed restriction. IPC evaluated the responses for country of origin, submission content, information on uses, and requests for derogation or exemption. IPC’s comment aligns with many of the comments already offered, including the comments provided by W.L. Gore (submission 4489) on wires and cables for electronics and the very detailed response from the coalition of Japanese associations (submission 4543) on the feasibility of alternatives and the use of PFAS in printed circuit boards. 





Sufficient time to enable alternatives assessment is crucial to ensure safer options and avoid regrettable substitution


As noted, the electronics manufacturing industry is committed to continuously improving the environmental performance and safety of all products placed on the market.


Given the increased international focus on PFAS, the electronics industry has taken steps to consider alternatives. However, given the industries multi-tiered and complex supply chain, information gathering can be incredibly burdensome, particularly for small and medium sized businesses. While the electronics industry aims to undergo thorough alternative assessments, the current transitional period in the Restriction does not allow adequate time. The electronics industry will need substantial time to undergo an alternatives assessment to ensure safe alternatives and avoid regrettable substitution. (Consider adding https://one.oecd.org/document/env/jm/mono(2015)53/en/pdf)


Due to the widespread and varied nature of PFAS used in electronics in performance materials, broad generalizations on alternatives are not reasonable or valuable to eliminating these substances in products. Replacement of these substances must be undertaken on a case-by-case basis as they are selected for their specific properties that ensure product reliability, safety, and efficiency. For most uses of PFAS in electronics, there are no drop-in solutions which provide the same properties as PFAS-containing materials. Because of this, more research must be conducted on alternatives based on use case and industry must have more time to investigate alternatives. 


Though many alternatives have been suggested for functionalities in electronics, they are not accurate. The use of PFAS in electronics materials is for the key functionalities and properties it provides. As an example, a market resource “BusinessAnalytiq” explains that PTFE resin currently costs EUR 16,84/kg in the EU while suggested “alternatives” for PTFE in electrical wire insulation such as PVC, PET, and Nylon are commodity materials that cost less than EUR 1,50/kg. The more expensive PTFE is selected by businesses for the properties that it contains and contributes to product performance and safety. Similar decisions have been made by industry when choosing fluoropolymer lubricants, seals, and other components. Changing to an alternative material in these cases will compromise the function of the device. 


The ChemSec Whitepaper “Check Your Tech: A Guide to PFAS in Electronics” states “There are, according to industry, still also several specialized uses of PFAS that currently do not have viable alternatives at the time of the drafting of this guide. These include printed circuit boards for high-speed telecommunication network infrastructure, wiring and cable insulation for high voltage, lubrication and coatings in information and communication technology (ICT) equipment, acoustic equipment for challenging environments, touchscreen displays with haptic feedback as well as several uses in the production of semiconductors.” (p.4) These uses will need extensive time to research alternatives. Listed alternatives by Chemsec that are technically feasible are different to alternatives that are practically feasible, especially in high-reliability applications. 


Technically feasible alternatives that have not been researched in use are not actually alternatives. More research must be conducted to assist industry with this transition and enable safe use.


PFAS-containing and potentially PFAS-containing electronics provide, irreplaceable utility to the world and are an enabler for the EU’s digital and green transitions


Table Y illustrates the interconnected relationships of PFAS-containing electronics, a cascade of utility. The table addresses the typical electronics materials that contain PFAS, such as adhesives and laminates, that are then incorporated into intermediate and final electronics products. 	Comment by Kelly Scanlon [2]: Do we have data/stats about the state of the electronics market in the EU?


PFAS have proven properties useful to many applications, as do electronics. Together, PFAS-containing electronics provide great utility. A restriction of PFAS affects the materials necessary for making intermediate products, the intermediate products, the assembly of intermediate products, and the final products. PFAS-containing laminates used to make printed circuit boards can be assembled for use in thousands of applications including consumer, commercial, and high-reliability applications. Electronics are foundational to almost all modern technology. The importance of electronics will only grow as all industrial sectors increasingly look to electronics manufacturers as key enablers for product innovation, EU’s digital and green transitions, and for regional technological sovereignty. The continued availability of electronics is foundational to the EU’s political objectives.


[image: ]


DRAFT Figure Y. Utility of PFAS-containing electronics materials, assemblies, and products. The restriction of PFAS in electronics affects the complex supply chain and its complex products.	Comment by Kelly Scanlon [2]: DRAFT = Figure will be updated with "final product" images.


It takes all aspects in the electronics supply chain, from silicon to system, to enable electronics systems to function, and to drive the technological advances that enable the dual transition. 


Semiconductors function only if assembled into PFAS-containing electronics systems


Semiconductor chips have no functionality of their own. They gain functionality by being placed, along with many other components, on PCBs by electronics assemblers to create systems. These electronics systems feature prominently in the defense/aerospace, high performance computing, information technology, automotive, and medical sectors, but electronics are increasingly important to every industry and are, indeed, central to each industry’s digital transition. In turn, electronics are increasingly enabling Europe’s green transition, from electric cars and smart meters to the technologies driving more efficient energy use.


The importance of semiconductors in fueling the EU’s dual transition as well as our regional technological sovereignty and leadership is well recognized. The recently adopted European Chips Act provides an important first step in ensuring access to needed technologies. Initial discussions on potential PFAS derogations further highlight semiconductors as a potential derogation use. It is, however, critical to recognize that electronics is a complex, inter-dependent industry.


Printed circuit boards provide the backbone for functioning electronics systems


PCBs have dozens of applications and are critical to many industries that rely on electronic equipment. Common applications of PCBs alone include:


· Medical devices including medical imaging systems, monitors, infusion pumps and internal devices


· Low Emitting Diodes (LEDs) that are used in residential lighting, storefront lighting, automotive displays, computer displays, and medical lighting


· Consumer electronics including communication devices such as smartphones, smartwatches, and tablets, computers, and home appliances


· Industrial equipment such as manufacturing equipment, power equipment, and test and measuring equipment


· Automotive components including entertainment and navigation systems, control systems and sensors 


· Aerospace components including power supplies, monitoring equipment and communication equipment 


· Maritime applications including navigation systems, communication systems and control systems 


· Safety and security equipment including security cameras, smoke detectors, and electronic door locks


· Telecommunications equipment such as telecom powers, office communication equipment and LED displays and indicators 


· Military and defense applications including communication equipment, control systems, and instrumentation 


PCBs support high-functioning uses that often rely on PFAS. Without PFAS, the effectiveness, safety and quality of the final product is often compromised. Because of the ubiquity of PCBs, a restriction of PFAS affecting PCB manufacturing, assembly, and end products can lead to catastrophic impacts to many critical sectors of our society. 


PFAS are critical to electronics used in aerospace and defence (A&D) applications


The aerospace and defence industry (A&D) is reliant on electronic equipment, parts, and components.  Whether it be the multifunctional displays, flight controls with interconnected specialty electronics and wiring within a commercial or military aircraft, printed wire boards on naval vessels, wiring and cabling for a weapon or radar system, or the photovoltaic cells on a satellite, A&D demands electronic products with the highest level of performance and resiliency towards the harsh environments in which our products operate.  


The electronic equipment, parts, and components that we procure must be able to perform not only the first time, but every time without failure in airborne, space, marine, and terrestrial systems and must be able to withstand extreme environmental conditions for 40 years and beyond, to avoid disastrous outcomes related to public safety and national security.  Failure is simply not acceptable.


To accomplish this goal, A&D must have access to the top preforming products, materials and chemistries needed to achieve its targeted objective within the boundaries of strict qualification, standardization and performance. Fluorinated materials or PFAS provide the necessary chemical and physical properties to ensure these objectives. Chemical resistance, thermal stability, low surface tension, non-reactive, residue free; and high-dielectric properties are just a few of the properties that enable PFAS-containing electronic equipment, parts, components, and subassemblies to conform with the required performance elements and standardization needs. Alternative materials, including other halogenated materials found in electronic equipment, parts and components do not provide an acceptable level of performance and/or the ability to satisfy conformity requirements. 


The A&D supply chain is very complex and composed of many (thousands of) parts that are designed and manufactured globally. A&D procures specialty electronic equipment, parts, and components as well as general industrial products such as cabling, wire harness assemblies, and finished off-the-shelf products that may not be specifically designed or supplied with the A&D sector in mind. For example, the same laminated FR4 circuit board found in consumer IT equipment may also be used in an aircraft or a piece of military hardware.


As noted previously by RAC and SEAC in an opinion on a proposed restriction on terphenyl in March 2023[footnoteRef:1]: “the aerospace supply chains are long and complex with many actors involved at different levels - including suppliers (importers, formulators, and distributors), downstream users (original equipment manufacturers (OEMs), design to build (DtB)) or maintenance, repair, and overhaul (MRO) providers (civilian and military) within the industry.  [1:   https://echa.europa.eu/documents/10162/ec938800-0137-44f3-a329-c227f837a2fc
] 



The complexity of the supply chain often makes it difficult for A&D manufacturers, OEMs, or MRO companies to identify where substances are used within final parts or assemblies (or in the early stages of their production). This is particularly challenging when dealing with a very large group of substances like PFAS (~10,000 individual substances covered in the restriction proposal).


Aside from performance driven requirements and discovery challenges of PFAS in the complex supply chain, A&D manufacturers must conform with the strictest qualification and safety protocols across all of industry.  Before the production of a part can begin, qualification, certification, and industrialization/implementation must take place.  Certification is a key process to ensure that aircraft, military hardware, or any other equipment parts comply with the required level of safety and performance. Requalification may take several years to decades to investigate, test, select and qualify a new piece of A&D hardware constructed with a different material or chemistry.   Further, existing equipment including spare parts used in legacy A&D finished products must be preserved to ensure the viability of those legacy programs.  It is not feasible to recertify or requalify new equipment, materials or parts used in sustainment because of regional restrictions on use of PFAS.  


PFAS are critical to electronics used in automotive applications


Electronics are necessary and critical to current and future automotive uses. Automotive electronics is one of the most important components for today's mobility and the mobility of the future. Future trends such as e-mobility, autonomous driving, connectivity or networking of vehicles with each other, with devices or with the traffic infrastructure and also the increasing number of infotainment systems cannot be implemented without reliable and powerful electronics.


“Whether it is electric-drive vehicles, advanced safety systems, autonomous vehicles or connected services, the technologies and innovations shaping the future of our industry require an increasing number of diverse semiconductors – from mature to leading edge nodes.[footnoteRef:2]” The digitization of vehicles can only make an active contribution to climate protection through efficient road usage and resource allocation. [2:  Transforming Personal Mobility | Alliance For Automotive Innovation (autosinnovate.org)] 



At present there are no means of replacing the PFAS used in the manufacture of high-performance semiconductors. Modern automobiles cannot achieve the safety and performance requirements necessary for current and future transportation needs without a diverse variety of semiconductors. A modern vehicle is a complex network on wheels and the number of control units, sensors, actuators and communication devices is growing from vehicle generation to vehicle generation. A modern vehicle can use as many as 3,000 semiconductor chips[footnoteRef:3]. Automotive products provide a variety of mobility and transportation applications that benefit society.  Modern automobiles cannot achieve the safety and performance requirements necessary for current and future transportation needs without a diverse variety of semiconductors. [3:  A Computer Chip Shortage Has Hobbled the Auto Industry - The New York Times (nytimes.com)] 



Cable harnesses in current vehicles are highly complex technical products and act as a central interface and are ultimately essential for a wide variety of functions (safety, control, assistance, comfort, communication, etc.). The cable harness consists of up to 5 km of cables and can therefore weigh over 50 kg.


PFAS, including fluoropolymers, are found in most electronics components in today's cars including cables and wire harnesses for a wide range of applications including safety, printed circuit boards, semiconductors, brackets, touch panels, LCD modules, wiring of EM modules, electrolytic capacitor encapsulation, film capacitors, microcontrollers, spools, SMD connectors, diodes, and switches. 


In contrast to requirements for electronics in the consumer sector, the requirements in the automotive electronics are significantly more robust. For example, electronics must work in a temperature range of -60 °C to +135 °C (reliable for 20 years) and withstand high shock and vibration loads. In addition, there is an increasing need for relatively high-bandwidth, broad-spectrum networks (from audio to 70 GHz radar operations - including GPS, Bluetooth, and wireless Ethernet).


The high demands on automotive electronics can only be guaranteed with the help of the special properties of PFAS and fluoropolymers. Fluoropolymers have high resistance to aggressive media in combination with high mechanical, thermal, dielectric and long-term properties. There are no materials with comparable property profiles available on the market today. We have not identified any suitable alternatives with the same reliability and lifetime for automotive electronics.


PFAS are necessary to specialized components and assemblies in digital data storage products


Electrical, electronic and mechanical components and assemblies containing PFAS are widely used in computing and data storage products, including hard disk drives (HDDs) and data storage systems used in data centers.  Most of the world’s digital data is stored on HDDs, which provide a cost-effective, high performance, secure platform for mass capacity digital storage in highly reliable electronic devices with long product lifetimes.  HDDs are electro-mechanical magnetic data storage devices where data is written and read at the nanoscale on recording media surfaces of rotating platters by precisely positioned read/write heads flying <5 nm above the disk surfaces in a sealed, environmentally sensitive, inner HDD chamber.  


To meet the challenging functional, reliability and product lifetime requirements of HDDs, multiple PFAS-based materials are used in critical, highly specialized components and assemblies (disk lubricant, epilame in motors, filtration membranes, crash stops, ...) found in the unique sealed inner HDD chamber to provide the necessary cleanliness, physical properties, thermal stability, and durability.  PFAS-free alternatives that may be acceptable for similar functions in other products, for example silicone as a lubricant or elastomer, are unacceptable for use in components in the internal HDD chamber where silicone contamination is known to lead to product failure and is prohibited from use.  


Other standard electronic components and assemblies containing PFAS, (passives, robotics, tape libraries, capacitors, ICs, wires, cables, connectors, power supplies, fans, PCBs, plastic optical fibers, and others) are used in data storage systems (servers, expansion shelves, JBODs, disk arrays), where the PFAS-based materials are required to meet safety, performance and reliability requirements.  


The absence of a workable transition time risks unintended consequences and the undermining of the EU’s sustainable aims	Comment by Suhani Chitalia: Need to think about this header. 


IPC has sought to highlight that it takes all aspects of the supply chain to enable electronic systems to function and drive the technological advances that enable Europe’s digital and green transitions.


As stated, the electronics manufacturing industry is committed to continuously improving the environmental performance and safety of all products placed on the market. And the industry is committed to replacing PFAS in products and processes where feasible and in a responsible manner. We do this in concert with other policy drivers regarding chemical substances in electronics; electronics are regulated in a wide range of evolving EU-based legislation including the Restriction of Hazardous Substances in Electrical and Electronic Equipment (ROHS) Directive, the Waste from Electrical and Electronic Equipment (WEEE) Directive, and the REACH Regulation. These policies have governed the use of chemicals and materials in the life cycle of electronics. In addition, emerging policies promote circularity and awareness of impacts from the chemical inputs across the product life cycle, e.g., the EU’s Ecodesign for Sustainable Products Regulation and the Corporate Sustainable Reporting Directive, 


In stakeholder submissions to this public consultation, electronics companies and associations have identified multiple uses of PFAS in multiple electronics materials, intermediate products, assembly, and final products that need a 12-year derogation. Differentiating specific uses (e.g., singling out semiconductors separately from laminates, PCBs, or the final products that rely on these materials and intermediate products) for derogation ignores the interconnected nature of the complex system of interconnected and interacting parts that individually are not as useful as when they are organized into a system. Central to this is the provision of a workable, consistent derogation period for electronics with transition times enabling safe product re-design. We highlight that the absence of a workable transition time risks unintended consequences and undermines the EU’s sustainable aims.
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Derogation request and response regarding the public consultation on the proposed restriction on per- 


and polyfluoroalkyl compounds (PFAS) 


 


To Whom It May Concern, 


IBM appreciates the opportunity to provide the enclosed comments on the proposed amendments to 


Annex XV of the REACH regulation pertaining to the restriction of per- and polyfluoroalkyl substances 


(PFAS). Specifically, IBM is requesting a derogation of 12 years for the use of polytetrafluoroethylene 


(PTFE), a subgroup of PFAS under the ECHA proposed PFAS definition, in tape libraries and tape drives 


with the ability to extend the derogation in case no suitable alternative has been invented based on 


technical limitations within those 12 years. 


A tape library consists of tape drives to read and write data, tape cartridges to hold data, tape cells to 


hold tape cartridges in the library, and robotics to move the tape cartridges inside the tape library.   


If/when an alternative is identified for PTFE use within tape libraries, a timeline of approximately 10-15 


years would likely be required to deploy a solution at scale. As discussed in more detail below, the time 


and resources associated with a re-design and viability/qualification process requires a multi-year 


transition period. In addition, viability depends on supply chain aspects such as multiple sources with 


consistent products, and cost.  After product release, current products deployed at customer data 


centers would require an additional 10 years at minimum to replace current products with a PFAS free 


alternative. IBM supports the ITI position regarding spare parts for repair of finished electronic 


equipment already placed on the market and re-supply of articles already placed on the market (pre-


owned products). Restricting the use of PTFE without an appropriate time derogation may dramatically 


impact the useful life of tape libraries currently running in data centers. An important tenant of the 


Circular Economy is to extend the useful life of equipment for as long as possible. Additionally, as further 


described below, tape libraries can decrease the greenhouse gas (GHG) emissions associated with long 


term data storage as compared to other electronic storage options. 


Finally, we would also like to request the introduction of a system that allows extensions to be requested 


for specific use derogations before expiration. 


 


PTFE use in tape libraries and tape drives: 


PTFE (commonly known as Teflon) is a type of fluoropolymer used as a lubricant to minimize friction and 
debris and dust generation in the tape library. Unique properties of PTFE include nonreactivity, 
hydrophobicity, a low coefficient of friction, non-stick properties, and good insulating properties.  Many 
parts and components in a tape library, including robotic parts, contain PTFE.   
 
The picture below shows an IBM 3584 tape library. The robot is in the middle of the picture and has two 
grippers to move tape cartridges. The robotics are an essential part of a tape library. The left side of the 
picture shows a wall of tape cartridges inside of tape cells.  The right side of the picture has two tape 
drives in bays, along with two empty bays above them. A video of the robot in action can be found here. 
 



https://www.youtube.com/watch?v=CVN93H6EuAU
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Tape cartridges hold the customer data that is the heart of any tape solution. The tape cartridges need to 


be moved around quickly without generating excess debris that could clog parts of the robotics or end 


up inside of the tape drives. In addition, a tape drive can have a plastic bezel on the front of it.  This bezel 


contains PTFE and helps guide tape cartridges in and out of the throat of the drive.  Moving parts inside 


the tape drive use PTFE as a lubricant to reduce friction and debris generation.   


 


The pictures below show a tape drive and tape cartridges outside of the tape library. The tape drive on 
the left has a tape cartridge loaded inside it. 
 


 
 


Tape drives read and write data on tape cartridges.  They are an essential part of a tape library but can 


also be used outside of a library in a desktop unit or mounted in a rack.  Tape drives come in different 


forms and containers, with the most common tape drive being a Linear Tape Open (LTO) tape drive.  


Information on LTO can be found at https://www.lto.org. 



https://www.lto.org/
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At a high level, the following are examples of parts of a tape library that are known to contain PTFE (this 
is not a complete list):  


• Robotic gripper 


• Robot tray 


• Tape drive 


• Tape cells 


• Tape cartridges** 
 
**Tape cartridges contain PFAS, but the exact PFAS has not been disclosed to IBM. 


 


The following are examples of robotic parts known to contain PTFE:  


• The y-axis assembly which enables the robot to move from the floor of the library to the top of 


the library and back. The robot moves up and down this part. 


• The robot tray which is used in some tape libraries contains the grippers for the library. The 


robot moves horizontally on the tray. The whole tray moves up and down in the library, from the 


floor to the ceiling and back. 


 


Please see the confidential attachment for a more detailed list of parts and components within a tape 


library that are known to contain PTFE.  The list may increase as we continue to work with our supply 


chain to identify parts and components that may contain PTFE or other PFAS. 


 


Printed Circuit Boards (PCBs) & Electronics 


While this derogation request focuses specifically on the use of PTFE in tape libraries, it is important to 


note that tape libraries contain many different types of electronics, including PCBs, that are essential for 


proper functioning of the tape systems.  PCBs contain passive components such as resistors, capacitors 


and connectors which have been reported to IBM to contain PFAS.  The use of PFAS in electronics and 


semiconductor devices will be covered under separate derogation requests but these derogations are 


essential to the operation of IBM tape systems. 


 


Environmental Considerations: 


As the world becomes increasingly digital, the total amount of data created, captured, copied and stored 


continues to grow at an unprecedented rate.  Further, more data is being required to be retained for 


long-term storage for compliance and business reasons. Tape libraries offer an energy efficient way to 


store data that does not need to be accessed daily as tape libraries consume very little to no energy 


unless data is being read or written. This in turn also reduces requirements for heat dissipation or 


cooling which collectively then can decrease the greenhouse gas (GHG) emissions associated with long 


term data storage. For example, a recent life cycle assessment using Product Attribute to Impact 


Algorithm (PAIA) and comparing tape storage to hard disk drives (HDD) and Flash solutions found that 
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tape solutions have the potential to reduce GHG emissions associated with long term data storage by 


approximately 87% (https://www.ibm.com/downloads/cas/YE5WAQ0B).    Tape libraries offer an 


important solution to help reduce the environmental impact of long-term data storage.  


 


Alternatives: 


Due to the unique characteristics of PTFE-containing materials, and based on the current state of the art, 


there are no known alternatives available for tape systems. Tape libraries contain many moving parts.  To 


minimize friction as well as debris and dust generation in the tape library, PTFE is used as a lubricant.  


Without this lubricant the parts will not function.  For tape cells in particular, there have been years of 


engineering and experimentation to find the right amount of PTFE.  Please see the attached confidential 


document for a brief discussion on previous work done to assess alternative lubricants that did not 


contain PTFE. Tape cartridges move inside of tape cells, rubbing against the plastic tops and bottoms, 


which can generate debris and dust.  The particles from the debris and dust can cause issues with the 


movement of the robot, and can also get into the tape drives, potentially causing problems with reading 


and writing of data. 


There are no known alternatives to the PTFE that can provide the lubrication necessary for sliding plastic 


parts.  If or when an alternative was identified, it would require a multi-year research and development 


effort with extensive qualification and implementation process before introducing this change to 


customers.  As mentioned above, PTFE has unique properties that make substitution technically difficult.  


Additionally, substitutes would need to be evaluated for unintended adverse effects.  A reliable supply 


chain of the new material would be required.  Understanding the environmental, health and safety 


implications of any possible alternatives will also be necessary to avoid regrettable substitutions. 


 


Timeframe for substitution 


It is not known if PTFE-free alternatives will be viable for all applications in a tape system.  The timelines 


to qualify and implement alternatives once identified are lengthy and would need to happen in the 


following stages: 


1. The first stage in substitution is reviewing all potential alternatives currently marketed to 


determine if they offer suitable performance.  Sources can vary between commercial off-the-


shelf products to specialized alternatives developed specifically for tape storage systems.  The 


technical needs of the tape storage system determine viability. Currently, we are unaware of any 


PTFE replacements. 


2. Investment in fundamental research and development is needed to identify a PTFE free 


alternative.  This can start from fundamental external research undertaken by universities or 


research laboratories. 


3. Once a possible alternative is identified, the potential alternative needs to be researched and 


developed by the material supply chain and then the tape system manufacturer to assess the 


impact on the product.  Considerations include: 


a. Integration 



https://www.ibm.com/downloads/cas/YE5WAQ0B
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b. Demonstration including re-qualification to standards and safety evaluations 


c. Ramp to production and release to market 


d. Impact on the market 


Components and substances in tape systems often require bespoke parts to be developed and 


qualified, with solutions potentially only being suitable for certain applications in the system and 


not a one-for-all total solution.  The redesign and testing requirements can be significant and 


need to be taken part by part, with consideration of impacts to the whole design.  It is 


anticipated that significant prototypes and experiments will need to take place with suppliers in 


feasibility testing of new innovations for replacement chemicals. 


4. Suitable time to complete supplier change management, including changes to part numbers / 


drawings / technical and safety information is required.  Consumption of current stock parts in 


multiple levels of the supply chain need to be worked.  A small change can cause a large impact 


on a tape system, so the change control process and mixing & matching of parts needs to be 


understood. 


5. Assessment of unintended consequences, such as an alternative causing damage or an increase 


in defects present, needs to be evaluated.  This is a lengthy process, usually ~1 year with many 


machines running, to determine viability.  When the PTFE alternative is not viable, the process 


must start over to find a different chemistry or technology that does not have the same issues. 


6. A stringent qualification must take place to ensure the resulting product guarantees the same 


function (or better) as prior products. 


This is only an overview and potential alternatives must be evaluated on a case-by-case basis, 


considering technical, regulatory, and economic aspects.  By its nature, the invention of an alternative 


has no estimated timeline, and for some applications there may be no known alternative. 


Factors that increase the uncertainty of any timeline include: 


• Technical:  the alternative may not be a drop-in replacement and require changes in other parts 


of the tape system; multiple iterations of test and development may be required as new 


problems are found; problems may only be found in long-term life tests; the alternative chemical 


may need to be qualified by a certified body. 


• Suppliers:  identifying and qualifying a new supplier can add months of additional time. 


• Environmental:  the proposed alternative needs to be vetted against hazardous substances and 


other environmental requirements. 


The general information outlined in this section is based on past experiences with materials changes, 


including changing the weights of materials in specific components.  Long term effects and scale effects 


can be significant.  For example, finding the right balance of PTFE in tape cells and latches on the cells 


has been balanced through years of test and customer experience.  IBM has done replacement actions 


on parts using the wrong mixture of PTFE, so we know this is a sensitive area of the tape solution, and 


potentially a costly area if done wrong. 
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Industry Impact 


The amount of data created and stored keeps growing.  Tape is the current technology of choice to store 


archival data at a low cost with reduced energy consumption.  Without tape libraries, there is no feasible 


way to store cold data at scale. For example, the cost to store a zettabyte for a year in 2020 was 


estimated at $250 billion for flash, $16.5 billion using hard disk drives, $4 billion on optical and $1.9 


billion using tape1.  


Further, tape provides protection to industry in the form of an air gap.  There are numerous examples of 


ransomware infecting servers and encrypting HDDs and SSDs to hold customer data hostage2.  The 


information held on tape is not connected directly to a server – it is offline storage.  Data held on tape 


has the ability to be recovered and restored, even if the backup software database on other systems are 


corrupted. A number of industries rely on tape for secure data storage. For example, the financial 


systems in the EU rely on tape libraries for a secure, low-cost data storage option; cloud companies use 


tape to store data in-country; scientific facilities such as CERN utilize tape libraries for data gathering and 


storage; as well numerous other EU businesses. Quantifying the impact would require a collaboration 


among all the industry players and would take significant time.  However, we know that tape storage is 


pervasive among large businesses and loss of tape storage would have a significant impact.  


In conclusion, restricting PTFE use in tape systems would impact a number of industries that rely on tape 


for data storage to meet regulatory requirements, including but not limited to the finance, insurance, 


cloud, automotive and other industry sectors.  


 
1 https://www.youtube.com/watch?v=4hoc7tjwtu8 
2 Ransomware infection wipes all CloudNordic servers • The Register 



https://www.youtube.com/watch?v=4hoc7tjwtu8

https://www.theregister.com/2023/08/23/ransomware_wipes_cloudnordic/
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The statements, responses, commentary, and estimations made in this derogation request beyond 
those cited to are Emerson Electric Co.’s (“Emerson”) alone and are based on Emerson’s good faith 
effort, research and knowledge Emerson is aware of at the time this derogation request is submitted 
to ECHA. Emerson intends to continue to research and acquire knowledge regarding PFAS and 
may at a future time have updated information and analysis regarding the subject matters in this 
derogation request.  However, Emerson does not undertake to update any such statements, responses, 
commentary, and estimations submitted in this derogation request to reflect later developments.  


Emerson has issued these statements, responses, commentary, and estimations in this derogation 
request to solely address this ECHA derogation request for industry comments.  Emerson’s statements, 
responses, commentary, and estimations in this derogation request should not be read, construed, or 
applied as to speaking to matters beyond what ECHA has requested under this derogation comment 
request. Emerson encourages industry to continue to find and/or develop PFAS alternatives.
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Emerson Electric, a global technology and engineering company with 
significant operations in Europe, including more than 16,500 staff and 


51 manufacturing sites spread across 21 Member States, is fully committed 
to making industrial products that are safe for our end-users and the 


environment, consistent with Europe’s Chemicals Strategy for Sustainability 
and Green Deal initiatives. Emerson is committed to comply with all applicable 


environmental laws and regulations in the European Union (EU).


Emerson has closely reviewed the REACH Annex XV Per-and Polyfluoroalkyl 
Substances (PFAS) restriction proposal and has identified missing uses that are 


critical to the EU and the world. This paper provides justification to add Industrial 
Automation Monitoring and Control (IAMC) as a new use sector to fill a critical gap 


in the missing uses of the restriction proposal. Subsequently, a request is made for a 
12‑year derogation of fluoropolymers, in accordance with Restriction Option 2 (RO2). 


These requests are submitted within the framework of the restriction proposal and are 
summarized in Table 1.2. In this document fluoropolymers and fluoroelastomers are both referred to 
as fluoropolymers.


TABLE 1.2	 New use sector and fluoropolymers derogation requests


REQUESTS DESCRIPTION


New Use Sector Request Industrial Automation, Monitoring and Control, hereby known as IAMC 


Derogation Request 12-Years allowing the use of fluoropolymers in: Industrial Automation, Monitoring 
& Control Equipment


The rationale and details justifying these requests are provided below and will conclusively demonstrate the 
criticality of this use sector and the use of fluoropolymers as an enabling material in critical-to-the-world 
applications. 


Summary of the Rationale for Our Requests:


	› IAMC equipment is foundational to the safe, efficient and sustainable production of any semi-automated 
or fully automated manufacturing process, including those used to produce most of the products that 
comprise the 14 use sectors identified in the REACH Annex XV restriction proposal.


	› The exclusion of IAMC equipment as a use sector from the derogations established in the restriction 
proposal will result in severe economic distress in the EU, including impacts on employment within the 
EU and shortages within the EU and throughout the world of critical products such as semiconductors, 
process chemical feedstocks, and sterilization equipment, among many others.


	› IAMC equipment was a €56B industry in Europe in 2022 and is expected to grow to €111B by 2030. 


	› IAMC equipment frequently operates in harsh environments where only fluoropolymers can deliver the 
performance needed for safe and efficient operations. 


	› No suitable alternatives exist today that can deliver the properties required to ensure the safe and 
sustainable operation in these harsh and challenging IAMC operating environments. 


1 INTRODUCTION
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1. Introduction


	› In the event that suitable replacements become commercially available, implementation timelines are in 
excess of five years due to complex re-design and re-certification activities.


	› Fluoropolymers are typically a cost premium over non-PFAS materials. They are used because the 
technical requirements of existing IAMC applications eliminate the possibility of utilizing existing 
alternatives. 


	› The fluoropolymers used in IAMC equipment are discrete solid plastic parts that meet the OECD’s 
definition of a polymer of low concern1.


	› IAMC equipment providers are downstream users of fluoropolymers so emissions are mostly negligible 
until end-of-life, which is on the order of 15+ years. 


	› IAMC equipment using fluoropolymers are key enablers of decarbonization initiatives such as wind, solar, 
H2, and mobility, which are foundational to fulfilling European sustainability priorities.
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IAMC equipment are the control systems and associated instrumentation, 
including the devices and controls used to automate industrial processes. 


The scope of equipment consists of complex electromechanical products 
that measure a variety of parameters such as temperature, humidity, 


pressure, corrosion, and density as well as process control products such as 
valves, actuators, flow measurement devices and regulators, as outlined in 


Table 2.1 below. 


TABLE 2.1	Scope of IAMC equipment


1. �Pressure, Flow, Level and Temperature 
Measurement 8. Distributed Control Systems 


2. Corrosion, Erosion & Heat Trace Monitoring 9. Hygienic & Sanitary Measurement 


3. Energy Monitoring & Management 10. Vibration Sensors 


4. Density & Viscosity Measurement 11. Electrical Power Distribution & Control 


5. Liquid, Flame & Gas Detection 12. Valves 


6. �Machinery Monitoring, Protection & 
Maintenance, Test & Measurement 13. Regulators 


7. Marine Measurement & Analysis 14. Actuators


Figure 2.1 demonstrates the role of IAMC equipment in 
industrial processes. In this simple illustrative example, 
a flow meter is monitoring fluid flow and sending 
signals to an industrial control system, which in turn 
adjusts the valve stem height for optimum flow control. 
These products operate as a unit and failure could be 
catastrophic. Any errors could create an unstable and 
unsafe situation that may result in severe harm to people 
and/or the environment. IAMC equipment has boundless 
configuration flexibility to accommodate the broad 
processing needs of the many industries served.


2	 INDUSTRY DESCRIPTION


FIGURE 2.1	 Example of an IAMC equipment 
configuration


In 2022, IAMC equipment generated revenues of 
€195 billion globally and €56 billion in Europe1. However, 
IAMC equipment is used as a critical component in a wide range of downstream user sectors whose socio-
economic footprint is several times larger. Through its use in those downstream sectors, IAMC equipment 
enables delivery of essential resources such as clean water, safe food and reliable energy, and essential goods 
such as pharmaceuticals, including vaccines, medical devices, electronic components, defense equipment 
and petroleum. 


1	  www.precedenceresearch.com, Report Code: 2179; Category: Semiconductor and Electronic; Published 2022



http://www.precedenceresearch.com
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Liners: Liners are 
commonly used in 
IAMC equipment to 
protect surfaces from 
corrosion and wear and 
to provide a low friction 


surface. They are almost exclusively made out of 
fluoropolymers, which are applied as a thin coating 
or as a pre-fabricated sheet. 


Seals: All IAMC 
equipment utilize seals 
for containment of gases 
or fluids and to reduce 
fugitive emissions. 


Types of seals are dynamic or static and include 
o-rings, bellows, grommets, bushings, and gaskets 
for important functions such as safety shutoff 
applications and penetration of transducers into 
the process fluid or gas. These seals and bushings 
are also used for isolation between housings, 
compartments, and from process fluids as required 


for electrical safety. 


Valve Packing: Valve 
packing is used in rising 
stem and rotary valves for 
isolation and process control 
to prevent leaks between a 
dynamic stem or shaft and 
the valve body. 


Valve Seats: A seat is a mechanical 
seal used in relief valves and 
pressure regulators to create a 
tight seal between the moving and 
stationary parts for control of fluid 
flow and pressure containment.


Wire and Cable: Wire and 
cable are used extensively 
to power and connect IAMC 
equipment. Fluoropolymers 
are commonly used to 
insulate wires and cables for protection against 
environmental threats and to prevent electrical 
leakage. 


Electronics: All IAMC 
equipment use electronics to 
maximize functionality and 
increase industrial process 
efficiency. Fluoropolymers are 
used in electronics such as 
waveguides, capacitors, Printed 
Circuit Boards (PCBs), LCDs, etc., that are exposed 
to the harsh IAMC environment, especially when it is 
not possible to protect them in an enclosure.


The vast majority of IAMC equipment contains 
critical components, such as seals and 
electronics, that are made with fluoropolymers.


3.1  Overview
A range of different fluoropolymers (including fluoroelastomers) such as 


PTFE, PCTFE, EFTE, PFA, FEP, FKM and FFKM are used in critical components of 
IAMC equipment, such as liners, seals, valve packing, valve seats, wire and cable 


insulation, as well as electronic components. 


Table 3.1 on the following page, shows which fluoropolymers are used 
in which applications (i.e., components) as part of which types of IAMC 


equipment. Each application is described in further detail below:


OVERVIEW OF RELEVANT 
PRODUCTS AND USES OF PFAS


3	
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3. Overview of Relevant Products and Uses of PFAS


TABLE 3.1	 Applications of fluoropolymers in IAMC equipment


TYPES OF IAMC EQUIPMENT
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APPLICATIONS FLUOROPOLYMERS


Liners PTFE, PFA, FEP, EFTE   


Seals FKM, FFKM, PTFE, PCTFE              


Valve Packing PTFE 


Valve Seats PCTFE, PTFE, EFTE   


Wire and Cable PTFE, PFA, FEP         


Electronics PTFE              
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3. Overview of Relevant Products and Uses of PFAS


3.2  Downstream Uses
IAMC equipment with fluoropolymer components is used in a wide range of downstream user sectors. 


The comprehensive scope of sectors and products is difficult to determine, but key examples are provided 
in Table 3.2. Other examples of downstream user sectors not mentioned in the table include 
mining, oil and gas, rail and other mass transportation, and construction operations. Specific case 
studies of where IAMC equipment is used in innovative applications, and how the fluoropolymer 
components of such equipment are critical to its operation, are outlined in Appendix A. 


TABLE 3.2	 Examples of downstream uses


SECTOR PRODUCT FLUOROPOLYMER COMPONENTS


Water treatment and 
food processing


	› Measurement equipment and valves in the production of 
chlorine.


	› Sensors for detecting chlorine in drinking water.
	› Solenoid valves for control of potable water and clean-in-


place systems.


	› PTFE and PFA liners;
	› PTFE membranes;
	› FKM and PTFE seals.


Semiconductor 
manufacturing


	› Pressure regulators to control the pressure of media used 
in etching and chemical vapor deposition processes for 
semiconductor manufacturing.


	› PTFE and PCTFE valve seats.


Pharmaceutical and 
food manufacturing, 
power generation


	› Industrial relief valves for pressure vessels such as boilers, 
heat exchangers, chemical reactors, etc.


	› Sensors for measuring temperature, pressure, pH, and 
dissolved oxygen.


	› Distributed Control System (DCS) technology.


	› PTFE, FKM & FFKM in valve seats at 
high temperatures (>150°C) and high 
pressures (>100 bar).


	› FKM seals and PTFE components in 
electronics of DCS.


Medical 	› Solenoid valves to control the cryogenic fluids such as 
liquid nitrogen in devices used to remove tumors. 


	› PTFE seals.


Solar power 	› IAMC control systems such as Programmable Logic 
Controllers (PLCs) are needed to control key parameters 
such as voltage, frequency, reactive power. They are also 
used to perform key activities such as troubleshooting and 
remote starts/stops.


	› PLCs contain fluoropolymer containing 
electronic components.


Wind power 	› Control systems similar to the solar panel solution. 
Additionally, IAMC equipment is used for condition-based 
monitoring via vibration sensors.


	› Valves used for buoyancy control of offshore wind turbine 
platforms and for cooling water flow for wind turbines.


	› High-end electronics containing 
fluoropolymers.


Sustainable energy/
mobility: Hydrogen


	› IAMC equipment plays a large role in hydrogen production 
(Distributed Control System technology) to control the 
desalination and electrolyzer units, gas blending and 
balance of plant equipment, storage and distribution/
refueling (valves and regulators).


	› Control systems contain fluoropolymers 
in electronics;


	› Valves and regulators contain PTFE 
packing and PCTFE valve seats;


	› Refueling valves contain FKM seals.


Sustainable energy/
mobility: Batteries


	› Control systems similar to solar, wind and hydrogen, and 
measurement solutions such as mass and density, pH, 
viscosity and level measurements of the anode, cathode 
and electrolyte batches.


	› Control systems contain PFAS electronics;
	› Measurement solutions contain PFAS 


liners, seals, electronics, etc.


Chemicals 	› Density meter to control the hydrochloric acid (HCl) 
concentration produced by the liquid dye hydrolysis 
process. The HCl is reused as an input for the manufacture 
of methyl chloride (CH3Cl) that is in turn used to 
manufacture the dye products.


	› PFA surface coating of vibrating fork.


Processing of stones, 
minerals, clay etc.


	› Radar Level measurement devices for solid materials. 	› PTFE sealing the waveguide and antenna.
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TONNAGES OF PFAS USED4	
Emerson estimates that an industry total of 2,140 tonnes of 


fluoropolymers are used in IAMC equipment sold in Europe annually. 
This is based on an extrapolation of Emerson’s product sales over the past 


year and Emerson’s estimated share of the total European IAMC market. A 
breakdown of the estimated tonnage of fluoropolymer by application (i.e. type 


of component in IAMC equipment) is provided in Table 4.1 below. Additional 
details of the average service life of these components, and on the potential for 


release to the environment during service life are also provided in Table 6.2 and 
Section 8.


TABLE 4.1	 Annual tonnage of fluoropolymer used in IAMC equipment in Europe 
(Emerson estimate)


APPLICATION FLUOROPOLYMERS ESTIMATED ANNUAL TONNAGE 
IN EU (METRIC TONNES)


Liners PTFE, PFA, FEP, ETFE 260


Seals, Diaphragms FKM, FFKM, PTFE, PCTFE 1,510


Valve Packing PTFE 220


Valve Seats PCTFE, PTFE, ETFE 140


Cable & Wiring Insulation PTFE, PFA, FEP <10


Electronics PTFE <10


Total 2,140


The IAMC market is forecast2 to grow at a compound annual growth rate (CAGR) of 9% between 2023 and 
2032. This means that the tonnage of fluoropolymers used in IAMC equipment is also expected to grow 
significantly. Emerson estimates that the tonnage of fluoropolymers used in IAMC equipment could reach 
approximately 10,000 tonnes per annum by 2038.


A detailed breakdown of the tonnage of fluoropolymers into different types of IAMC equipment or into 
different downstream user sectors is not available at this stage.


2	  www.precedenceresearch.com, Report Code: 2179; Category: Semiconductor and Electronic; Published 2022



http://www.precedenceresearch.com
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FUNCTION PROVIDED AND 
PERFORMANCE ENABLED BY 
PFAS IN IAMC SECTOR


5	


5.1  Overview of Operating Profile 
The IAMC sector requires high performance and reliability of components used 


to prevent failures that could result in harm to people and the environment, either 
directly or indirectly. The key technical properties important for IAMC are durability, 


high and low temperature resistance (-200°C/+260°C), chemical resistance and 
high mechanical strength in harsh environments. Petroleum and Mining is being 


referenced here because it is a use sector that was assessed in the REACH restriction 
proposal3 and is analogous to IAMC in many regards.


The operating profile to which IAMC equipment is exposed is defined by the industries that 
leverage the technology (see Section 3.2). These applications often involve exposure to multiple extreme 
environmental conditions simultaneously. The IAMC environmental parameters (as indicated using the 
Ansys Granta Materials Database4) often include the following:


	› Hazardous environments are prevalent and include fire, explosion, and toxic chemical threats. These 
environments often require equipment certifications, namely ATEX Directive 2014/34 in Europe. 


	› Broad chemical exposure is common due to the massive number of chemicals processed every day. 
These chemicals span the entire pH range and are processed at different temperatures and pressures. 
Example harsh chemicals include sulfuric acid, hydrofluoric acid and chlorine. 


	› Low temperatures near -60°C. Beyond this for cryogenic processing, IAMC equipment can be exposed to 
temperatures down to -200°C. 


	› High temperatures near 260°C. 


	› High pressures near 150 bar to accelerate and influence reaction rates and to increase volume-time 
efficiencies. Pressures up to 1,000 bar exist in some chemical processes.


3	  See Annex E.2.15 and B.9.16
4	  https://www.ansys.com/en-gb/products/materials/materials-data-for-simulation



https://www.ansys.com/en-gb/products/materials/materials-data-for-simulation
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5. Function Provided and Performance Enabled by PFAS in IAMC Sector


These challenging environments demand the use of high performance and high reliability materials like 
fluoropolymers, which are vital as an engineering material class, not because of one particular characteristic, 
but because of the multiple properties any one of them simultaneously possesses. This is demonstrated 
in Figure 5.1 where IAMC requirements and fluoropolymers performance are overlayed. The overlap in 
performance across this specific array of properties is what sets fluoropolymers apart from other materials 
and makes them a requirement for many IAMC applications. Fluoropolymers’ most commonly leveraged 
properties include: 


	› Broad chemical resistance to virtually all chemicals. 


	› Low temperature performance down to -200°C. 


	› High temperature performance up to 260°C. 


	› Corrosion resistance 


	› Intrinsic flame resistance with a high heat of combustion and limiting O2 Index 


	› Good electrical properties, excellent dielectric properties 


	› Low friction / Non-adhesive resistance 


	› Purity / inert


FIGURE 5.1	 IAMC’s operating profile requirements overlap with fluoropolymers performance, which is why 
their use is so common in industrial applications







10PFAS REACH Restriction Consultation Response |  Justification to Add a New Use Sector and Derogation


5. Function Provided and Performance Enabled by PFAS in IAMC Sector


5.2  Technical Functions Provided 
As noted in Section 3, fluoropolymers are widely used within the different components of IAMC equipment. 
With reference to the specific operating profile outlined in Section 5.1, it should be considered what 
specific technical function(s) fluoropolymers provide in these components that provide the required level of 
performance under these strict conditions.


An overview of key uses across the IAMC sector is shown in Table 5.1 below, providing details of i) the 
application, ii) the specific PFAS/fluoropolymers used, iii) the type of IAMC equipment used, and iv) the specific 
functional properties provided within each use. 


TABLE 5.1	 List of common fluoropolymers and their functional properties leveraged for each application


APPLICATIONS FLUOROPOLYMERS IAMC EQUIPMENT FUNCTIONAL PROPERTIES


Liners PTFE 
PFA 
FEP 
ETFE 


	› Pressure, Flow, Level and 
Temperature Measurement;


	› Corrosion, Erosion & Heat 
Trace Monitoring;


	› Density & Viscosity 
Measurement 


	› Chemical Resistance 
	› Intrinsic Flame Resistance 
	› Low Friction / Adhesive Resistance 
	› High & Low Temperature Resistance 
	› Purity / Inert 
	› Corrosion Resistance 
	› Mechanical Strength 


Seals (O-Rings, 
Gaskets, 
Waveguides, etc) 


FKM 
FFKM 
PTFE 
PCTFE 


	› All IAMC Equipment 	› Chemical Resistance 
	› High & Low Temperature Resistance 
	› Low Friction / Adhesive Resistance 
	› Intrinsic Flame Resistance 
	› Rapid Gas Decompression Resistance 
	› Excellent Dielectric Properties, low dielectric 


constant for microwave transparency 


Valve Packing PTFE 	› Control & Isolation Valves 	› Chemical Resistance 
	› High Temperature Resistance 
	› Mechanical Properties 
	› Fugitive Emissions Standards


Valve Seats PCTFE
PTFE
EFTE


	› Valves, Regulators & 
Actuators


	› Chemical Resistance 
	› Mechanical Properties (compressive modulus)
	› Purity 
	› Low Temperature Resistance


Cable & Wiring 
Insulation 


PTFE 
PFA 
FEP


	› All IAMC Equipment 	› High Insulation Resistance 
	› Excellent Dielectric Properties 
	› Temperature Resistance 
	› Flexibility 
	› Chemical Resistance


Electronics 
(Waveguides, 
Capacitors, PCB, 
LCD, etc.) 


PTFE 	› All IAMC Equipment 	› Excellent Dielectric Properties, low dielectric 
constant for microwave transparency 


	› Low Dissipation Factors 
	› Low Flammability
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5. Function Provided and Performance Enabled by PFAS in IAMC Sector


5.3  Performance in Specific Applications
5.3.1	 OVERVIEW
IAMC equipment must be designed with substantial robustness to operate reliably in industrial processes. 
This equipment is built with high safety margin and high-performance materials often defined by industry 
standard bodies such as ATEX or IECEx. For example, a bad flow meter measurement could shut or open 
a valve incorrectly or make a change in a sulfuric acid production process and cause a catastrophic safety 
issue. Errors, which could arise from a component material breaking down due to chemical attack, thermal 
degradation, or a locked system due to unacceptable surface friction, are very rare because of the use of 
high-performance materials. 


As previously stated, fluoropolymers provide an unmatched multitude of high-performance properties 
simultaneously to deliver the required functionality to the components used in IAMC equipment. These 
applications leverage fluoropolymers’ performance in many ways with chemical resistance being a common 
thread. PTFE is the highest performing fluoropolymer. This is due to strong polar carbon-fluorine bonds 
providing a layer of unreactive and highly hydrophobic fluorine atoms around the carbon-carbon backbone. 
This construction results in a high molecular weight, high crystallinity, and high-density material with higher 
performance attributes than other materials. 


This section considers the level of performance provided through the use of fluoropolymers in each different 
component type used in the IAMC sector (as discussed in Section 3). Specific case studies detailing the type 
of IAMC equipment used in particular high-value applications in society, and the specific function provided by 
fluoropolymers are presented in Appendix A. 


5.3.2	 LINERS 
Fluoropolymers’ ability to resist virtually all chemicals coupled with the other high-performance properties 
makes them appropriate for liner applications (see also Table 6.3 for a comparison of this performance with 
alternatives).


Fluoropolymers can provide a consistent performance across almost the entire list of chemicals in Emerson’s 
liner selection guide. Having a material that can be used in almost all liner applications simplifies the selection 
process, reduces costs, and avoids an incompatible liner being placed with any process media.


5.3.3	 SEALS
Fluoropolymers such as PTFE are a unique press fit material which flows to fill gaps and imperfections 
creating a seal against explosive gases. PTFE also has an unmatched temperature range and can flow 
into imperfections which enables IAMC products temperature rating and flame protection performance. 
Fluoropolymers are used when operating conditions exceed the performance requirements of other sealing 
materials like rubber and soft plastics. Below are three examples of sealing operating conditions that require 
the use of fluoropolymers, namely PTFE, PCTFE, FKM and FFKM.


1.	 Temperature Resistance:
Fluoropolymers’ ability to retain its most important performance properties over a temperature 
range that is among the broadest of any polymer is an important factor in sealing applications. This 
is due to the strength of its carbon-fluorine bond, which exceeds carbon-hydrogen bond strength in 
hydrocarbon-based polymers by over 20%. This gives PTFE a very high and low operating temperature, 
up to 260°C and down to -200°C, respectively. PCTFE is used in cryogenic and high temperature 
sealing applications. FKM and FFKM are used in high temperature sealing applications. 
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5. Function Provided and Performance Enabled by PFAS in IAMC Sector


2.	 Chemical Resistance:
Chemical compatibility of seals is critical in low carbon fuel sources such as biodiesel, bio/digestor 
gas containing hydrogen sulfide, and hydrogen applications. Chemical compatibility is also critical 
in oil & gas, chemical production, and plastic production. Often these materials are specified by the 
downstream user as they know their application(s) best.


3.	 High concentration oxygen applications:
Another example is the use of PTFE seals in high concentration oxygen applications. PTFE has high 
ignition and oxygen index5 values, which makes it ideal for these applications to prevent combustion. 
This is due to fluorine’s presence in the chemical structure and its inherent flammability resistance. 
PTFE and PCTFE achieve a Limited Oxygen Index (LOI) of 95%. LOI is the minimum concentration of 
oxygen, expressed as volume percent, needed for a material to continue to burn on its own once it 
ignites at atmospheric pressure. Materials with high oxygen index are preferred for oxygen service; 
the higher the oxygen index, the lower the propensity of a material to ignite and burn. Conversely, the 
lower the oxygen index, the higher propensity of a material to ignite and burn. PTFE’s inherent flame 
resistant properties are essential in applications such as semiconductor manufacturing, chemical 
processing, maritime diving, firefighting, and aerospace (see also Table 6.4 for a comparison of this 
performance with alternatives).


5.3.4	 VALVE PACKING
Several factors must be considered when choosing a valve packing material, namely fugitive emission 
standards, chemical resistance, temperatures, and pressures. Using parameters provided in the International 
Organization for Standardization (ISO) 15848-1, fugitive emission estimates were made for two valve 
packing solutions, PTFE and graphite, and normalized using a two-liter bottle volume to show the significant 
performance comparison perspectives. Correspondingly, a two-liter bottle would take 518 days to fill with 
helium due to leaks in valve packing using PTFE and 5.1 days with graphite. This demonstrates that PTFE 
provides two orders of magnitude better emissions control over the next best alternative.


5.3.5	 VALVE SEATS
Valve seats are commonly made out of PTFE and PCTFE to accommodate performance requirements such 
as chemical resistance, inertness, temperature resistance, and mechanical properties such as compressive 
modulus and creep resistance. 


Fluoropolymers are especially important in applications where the high purity of sensitive flowing media 
has to be maintained throughout the process like in etching solutions in semiconductor manufacturing. 
Fluoropolymers yield intrinsic inertness and purity due to the layer of unreactive fluorine atoms attached to 
the carbon-carbon backbone. PFA, FEP and ETFE are also used as valve seats in high purity applications.


5.3.6	 WIRE AND CABLE
Wires and cables are exposed to the harsh IAMC equipment operating profile and require the same level of 
reliability. The use of fluoropolymers in IAMC equipment is driven by outstanding electrical properties, such 
as low dielectric constant, and flame resistance. Other properties such as chemical resistance and crack 
resistance are also important. Additionally, fluoropolymer insulation is durable and has the highest longevity 
of materials used in IAMC applications. 


For example, fluoropolymers are used to insulate conductors in high reliability applications such as IAMC 
equipment, aerospace and petroleum and mining. They are chosen for these applications because of their 
low dielectric loss tangent, high dielectric strength, high chemical and temperature resistance, and low 


5	  �E. Alfredo Campo, 3 - Thermal Properties of Polymeric Materials, Editor(s): E. Alfredo Campo, In Plastics, Design Library, Selection of Polymeric Materials, William 
Andrew Publishing, 2008, pp. 103-140. ISBN , 9780815515517. https://doi.org/10.1016/B978-081551551-7.50005-X 



https://doi.org/10.1016/B978-081551551-7.50005-X
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5. Function Provided and Performance Enabled by PFAS in IAMC Sector


surface friction, important for passing wires through tight conduits. Dielectric loss tangent is a measure of 
signal attenuation as it passes through a material (lower is better). Dielectric strength is a measure of the 
maximum voltage the material can withstand without breaking down - higher is better (see also Figure 6-2 
for a comparison of this performance with alternatives).


Additional detail on use conditions of fluoropolymer cable and wiring insulation in IAMC equipment include:


	› Low Temperature: -55°C


	› High Temperature: 200°C


	› Indoor/Outdoor proportionality: 70% Indoor/30% Outdoor


	› Humidity: Ambient


	› Dust: No issues


5.3.7	 ELECTRONICS
Electronics can be exposed to the harsh IAMC environment, and in some cases, it is not possible to protect 
them in an enclosure. In these instances, fluoropolymers are necessary given their high performance, 
namely their electrical, thermal and intrinsic flame resistance properties. Electronic components include PCB 
structures, waveguides, capacitors, piezoelectric devices and liquid crystal displays.


For example, fluoropolymers are necessary in applications where low dielectric constant electrical properties 
are required, such as a waveguide used in a tank level monitoring transmitter for a toxic chemical. 
Waveguides are hollow tubes that transport microwave signals from antennas to electronics. Polymer 
waveguides are often used when harsh chemicals, such as chlorine or sulfuric acid, are involved and where 
corrosion-induced surface damage can occur resulting in attenuation of the microwave signal. Polymer 
selection for waveguides is predicated on dielectric constant properties, which define the material’s ability 
to store energy, and other typical environmental parameters such as chemical and thermal resistance. Low 
dielectric constant polymers are needed for waveguides to prevent signal attenuation through absorption 
into the material. Fluoropolymers are a good match for this application because of their low dielectric 
constant, which for PTFE is intrinsic due to the non-polar and ordered chemical structure, and high chemical 
and thermal resistance (see also Figure 6.3 for a comparison of this performance with alternatives).
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6	
6.1  General


6.1.1	 IDENTIFICATION OF ALTERNATIVES
Multiple classes of materials have been considered as potential alternatives 


for fluoropolymers in IAMC equipment:


	› Metals and metal alloys (e.g. stainless steel (SS), titanium, Hastelloy, nickel, 
copper, and brass).


	› Non-fluorinated polymers (e.g. Polyetheretherkeytone (PEEK) and 
Polyeitherimide (PEI)).


	› Non-fluorinated elastomers (e,g, Ethylene Propylene Diene Monomer (EPDM), 
Hydrogenated Nitrile Butadiene (H-NBR), and Silicone).


Emerson’s assessment of alternatives to date6 has been limited to desk-based paper 
studies, using existing data for evaluation of fit-for-service requirements. There is a formal process for 
evaluating potential alternatives involving the following steps:


1.	 Information Gathering - what is the component, what is the component made of, current PFAS 
material, what was the driving requirement(s) for selection of a PFAS?


2.	 Assess Candidate Materials Using Published Property Data - look up published values using 
material intelligence databases, publications, etc.


3.	 Down-Select Process - assess the full range of requirements including, but not limited to, the following:
	» Performance Requirements
	» Manufacturing Implications
	» Supply Chain Risks
	» Costs
	» Health & Environmental Implications


4.	 Conduct Side-by-Side Comparison Testing


5.	 Implementation


6.1.2	 AVAILABILITY
It is considered that types of potential alternatives (as indicated above) for fluoropolymers in IAMC equipment 
are broadly similar to those considered in the petroleum and mining sector in the ECHA restriction proposal. 


It is noted that in the ECHA restriction proposal, it is indicated that7 the alternatives considered have been 
identified because they are products that are currently marketed and sold in Europe, and consultation with 
industry and national authorities suggest they are in use in significant volumes. However, it is also noted 
that very limited specific quantitative data on the relative levels of production, sales or use of alternatives 
are available.


6	  September 2023
7	  See Section E.2.15.2.2


ASSESSMENT OF ALTERNATIVES
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6. Assessment of Alternatives


6.1.3	 TECHNICAL FEASIBILITY
The following evaluation of the technical feasibility of alternatives uses a combination of Emerson’s in-house 
data, publication data and thorough discussions with Emerson material experts and experts consulted from 
the broader materials industry.


Metals and Metal Alloys
Most evaluated metals cannot match fluoropolymers’ corrosion resistance to e.g. chlorine, and metals are 
heavier and have a less favorable carbon footprint in their manufacturing process.


Corrosion resistant metals such as SS, titanium, Hastelloy, nickel, copper, and brass were explored as 
alternatives to fluoropolymer liners and considered unacceptable because of significant incompatibility with 
some chemicals and lack of purity in certain applications. PTFE is commonly used to coat metals such as 316L 
SS to protect the surface from corrosion in harsh chemicals. A study by Waseem Akram8 compared corrosion 
rates for 316L and PTFE-coated 316L SS in two acidic mediums, hydrochloric acid (HCl) and nitric acid (HNO3). 
Results are provided in the table below and show a significant corrosion performance increase (fewer 
Millimeters (MMs) Per Year) by adding the protective layer of PTFE. 


TABLE 6.1	 PTFE is commonly used as a protective coating to prevent corrosion of SS in IAMC applications


ACIDS CORROSION RATE: MM PER YEAR


Bare 316L SS 316L w/PTFE Coating


HCL  0.8 0.02


HNO3 17.4 0.1


Source: Akram, W., Farhan Rafique, A., Maqsood, N., Khan, A., Badshah, S., & Khan, R. U. (2020). Characterization of PTFE film on 316L stainless steel 
deposited through spin coating and its anticorrosion performance in multi acidic mediums. Materials, 13(2), 388. https://www.researchgate.net/
publication/338614979_Characterization_of_PTFE_Film_on_316L_Stainless_Steel_Deposited_through_Spin_Coating_and_Its_Anticorrosion_
Performance_in_Multi_Acidic_Mediums. 


Additionally, other challenges were identified that prevented these materials from emerging as viable 
alternatives including higher density (increased weight), increased maintenance cycles, and higher life-cycle 
CO2 emissions associated with the production process.


Non-fluorinated Polymers
Other polymers can demonstrate superior performance in one single property. For example, 
Polyetheretherkeytone (PEEK) has slightly higher temperature performance than fluoropolymers. However, 
fluoropolymers are the best choice when both high temperature and chemical resistance are needed 
simultaneously. This is also demonstrated in Figure 6.1 where PEEK is overlayed for comparison purposes.


Engineering plastics such as PEEK (Figure 6.1) and Polyphenylene Sulfide (PPS) were considered as 
alternatives for liners, tubing, waveguides and seals but were deemed unsuitable due to their inability to 
fulfill all the criteria required for IAMC equipment. PEEK and PPS can fulfil the high temperature performance 
requirements. However, their chemical resistance is inferior to fluoropolymers, especially for chemicals such 
as hydrogen sulfide (sour) gas and strong acids. Also, PEEK’s compressive modulus is too high making it unfit 
for seats in valves and regulators and its moisture uptake prevents its use in certain waveguide applications. 
Another polymer considered was acetal, which has excellent lubricity properties. However, its chemical 
resistance and temperature limitations prevent it from being an appropriate candidate. Another alternative 
is Polyimides such as Vespel™. They are generally much higher in compressive strength and therefore do not 
make good lower pressure seal parts. Also, they are incompatible with some medias such as water and steam.


8	  �Akram, W., Farhan Rafique, A., Maqsood, N., Khan, A., Badshah, S., & Khan, R. U. (2020). Characterization of PTFE film on 316L stainless steel deposited through 
spin coating and its anticorrosion performance in multi acidic mediums. Materials, 13(2), 388. https://www.researchgate.net/publication/338614979_
Characterization_of_PTFE_Film_on_316L_Stainless_Steel_Deposited_through_Spin_Coating_and_Its_Anticorrosion_Performance_in_Multi_Acidic_Mediums. 



https://www.researchgate.net/publication/338614979_Characterization_of_PTFE_Film_on_316L_Stainless_Steel_Deposited_through_Spin_Coating_and_Its_Anticorrosion_Performance_in_Multi_Acidic_Mediums

https://www.researchgate.net/publication/338614979_Characterization_of_PTFE_Film_on_316L_Stainless_Steel_Deposited_through_Spin_Coating_and_Its_Anticorrosion_Performance_in_Multi_Acidic_Mediums

https://www.researchgate.net/publication/338614979_Characterization_of_PTFE_Film_on_316L_Stainless_Steel_Deposited_through_Spin_Coating_and_Its_Anticorrosion_Performance_in_Multi_Acidic_Mediums

https://www.researchgate.net/publication/338614979_Characterization_of_PTFE_Film_on_316L_Stainless_Steel_Deposited_through_Spin_Coating_and_Its_Anticorrosion_Performance_in_Multi_Acidic_Mediums.

https://www.researchgate.net/publication/338614979_Characterization_of_PTFE_Film_on_316L_Stainless_Steel_Deposited_through_Spin_Coating_and_Its_Anticorrosion_Performance_in_Multi_Acidic_Mediums.
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FIGURE 6.1	 Fluoropolymers’ chemical resistance and friction properties compared to PEEK


Source: Ansys Granta Materials Database


Non-fluorinated Elastomers
Traditional elastomers such as Ethylene Propylene Diene Monomer (EPDM), Hydrogenated Nitrile Butadiene 
(H-NBR), and Silicone were considered as alternatives for seals, but were deemed unsuitable due to their 
inferior chemical resistance, temperature limitations, and mechanical properties. Most elastomers cannot 
perform at operating conditions that exceed 150°C. Silicone has higher temperature resistance but is inferior 
in mechanical performance and is also not recommended in high friction and high wear applications. Using 
materials that are not adequate for the operating condition is not recommended and would, at a minimum 
and best case, require an unrealistic number of maintenance cycles. Furthermore, safety of workers and 
the environment could be compromised due to increased probability of failure and possible releases of 
hazardous materials. 


6.1.4	 ECONOMIC FEASIBILITY
Cost is not the deciding factor for use of fluoropolymers in IAMC applications. Fluoropolymers are typically 
more expensive than non-fluorinated materials. They are used because the technical requirements of existing 
IAMC applications eliminate the possibility of utilizing existing alternatives. The primary consideration for 
IAMC applications is performance to ensure that safe and efficient operations are maintained. 


Even if technically feasible alternatives were available today, the time needed for careful and comprehensive 
engineering work that accompanies a material change in a highly regulated segment such as IAMC can be, 
based on Emerson's experience, in excess of five years with substitution costs ranging in the hundreds of 
thousands of Euros for a single IAMC product. Even though substitution costs could be substantial, the on-
going costs of increased production facility downtime due to more frequent maintenance cycles and shorter 
life of components caused by decreased performance of any alternative would likely be much higher. Table 
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6.2 provides an overview of the current performance of fluoropolymers in the different types of IAMC applications in terms of longevity, replacement 
time and downtime for maintenance, and assesses the implications of using alternatives and the associated costs.


Another significant consideration is the intensive engineering effort that accompanies a material change in IAMC’s highly regulated segments. Activities 
to be conducted include finding and evaluating alternatives, modifying designs, re-qualification testing and re-certification (ATEX, Pressure Equipment 
Directive 2014/68/EU), supply chain cadence change, and customer relations. Some of the standards that are directly applicable are: 


	› IEC 60079-0 (Explosive atmospheres: General equipment 
requirements) 


	› IEC 60079-11 (Explosive atmospheres – Part 11: Equipment 
protection by intrinsic safety) 


	› IEC 60079-1 (Explosive atmospheres - Part 1: Equipment protection 
by flameproof enclosures) 


	› UL 1203 (Explosion Proof and Dust ignition proof electrical 
equipment for use in hazardous locations) 


	› ANSI/ISA 12.27.01 (Requirements for Process Sealing Between 
Electrical Systems and Flammable or Combustible Process Fluids


TABLE 6.2	 Overview of implications for replacing fluoropolymers in IAMC equipment with alternatives and the associated costs


LINERS SEALS VALVE PACKING VALVE SEATS CABLE & WIRE 
INSULATION ELECTRONICS


Performance 
characteristics 
associated with 
fluoropolymer 


containing 
components 


Pressure, Flow, Level, 
Temp, Corrosion, 


Erosion, Heat Trace, 
Density, Viscosity 


All IAMC 
Equipment


Control & 
Isolation Valves


Valves, Regulators, Actuators
Semiconductor Application


All IAMC 
Equipment All IAMC Equipment


Overall longevity 15 years, no moving parts 
in an electromagnetic 
flow meter


15 years 15 years 10 Years, Regulator is disposed of with 
the Chemical Vapor Deposition (CVD) 
equipment


20 Years 15+ years


Frequency of 
replacement 


The liner is almost never 
replaced. Lifetimes are 
tied to the instrument 
it is protecting and 
sometimes the system 
that the instrument is 
monitoring.


The seals are 
almost never 
replaced. Lifetimes 
are tied to the life 
of the device.


The seals are almost 
never replaced. 
Lifetimes are tied to 
the life of the device.


In high purity applications such as 
semiconductor manufacturing, the 
failure mechanism usually involves the 
metal diaphragm cracking. In the case 
of any failure, a new regulator would 
be installed, not a new components 
such as a PCTFE seat. Lifetimes are tied 
to the semiconductor manufacturing 
equipment, which can be shorter than 
the actual regulator’s life.


20 Years No replacement


Overall level of 
downtime for 
maintenance


Almost never Almost never Almost never Almost never No downtime No downtime







18PFAS REACH Restriction Consultation Response |  Justification to Add a New Use Sector and Derogation


6. Assessment of Alternatives


LINERS SEALS VALVE PACKING VALVE SEATS CABLE & WIRE 
INSULATION ELECTRONICS


Performance 
characteristics 
associated with 
fluoropolymer 


containing 
components 


Pressure, Flow, Level, 
Temp, Corrosion, 


Erosion, Heat Trace, 
Density, Viscosity 


All IAMC 
Equipment


Control & 
Isolation Valves


Valves, Regulators, Actuators
Semiconductor Application


All IAMC 
Equipment All IAMC Equipment


The risks associated 
with lower level of 
performance (Low, 
Medium, High)


Magnetic sensors require 
liners to prevent corrosive 
attack from aggressive 
chemicals or slurries. 
These sensors will not 
operate accurately if they 
are corroded.


Seals are essential 
to the operation of 
most valves. Seal 
failure most likely 
will result in a leak 
and subsequent 
valve malfunction, 
which could result 
in a dangerous 
release of a 
hazardous fluid.


Packing is essential 
to the operation of 
most valves. Packing 
failure most likely will 
result in a leak and 
subsequent valve 
malfunction, which 
could result in a 
dangerous release of 
a hazardous fluid.


Valve seat performance degradation will 
result in seat leakage that will lead to 
degraded process control and reduced 
plant performance and efficiency.


Depending on 
the durability of 
a replacement 
material.


Replacing a material 
(PTFE) which has 
been the standard for 
Microwave industrial 
applications for 50 years 
comes with high risk. 
Many of the customers’ 
processes contain 
explosive or poisonous 
fluids which need to be 
sealed off.


The costs associated 
with lower level of 
performance


Cost of maintenance 
requires the process, 
chemical or otherwise, to 
be stopped to allow for 
replacement of the liner. 
The cost to shut down a 
process varies but it can 
be significant (millions of 
Euros).


The seals would 
not be replaced, 
but the entire 
valve would be 
replaced more 
frequently to offset 
the performance 
deficiency. The 
main cost concern 
would be shut 
down costs which 
could be very 
significant.


Cost to shut down a 
process to replace 
the packing or the 
entire valve and/
or cost of increased 
fugitive GHG 
emissions associated 
with leaking packing. 


The feasibility of the manufacturing 
process would be at risk, so the 
whole application could be lost with 
substantial economic losses associated.


Depends on 
replacement 
material.
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6.1.5	 HUMAN HEALTH AND ENVIRONMENTAL RISKS
Safety is the deciding factor for use of fluoropolymers in IAMC applications. These materials are selected 
due to their high performance. A good example is PTFE liners’ chemical resistance, specifically its ability to 
prevent toxic substances from leaking. The use of inferior performing alternatives could lead to a breach 
of containment and a subsequent release of toxic media, which could harm humans, the environment and 
critical equipment. Another example is PCTFE’s limited oxygen index compared to alternatives. PCTFE is 
commonly used for oxygen enriched applications such as life support for space travel and Navy diving, as well 
as aerospace fueling applications like rocket propellant and oxidizers.


All potential alternatives (metals, non-fluorinated polymers, and non-fluorinated elastomers) are high 
performance materials that will likely be persistent similar to fluoropolymers, resulting in substitution of one 
persistent material with an inferior performing one, leading to increased maintenance cycles and generation 
of higher amounts of waste.


6.2  Specific Applications
6.2.1	 LINERS
A potential alternative to liners is to make the metal being protected out of a material that can withstand the 
operating environment, eliminating the need for a protective layer. Exotic metals such as Titanium or Hastelloy 
C76 might withstand some of the corrosive environments in which IAMC equipment operate but their viability 
is in question due to the additional weight and increased CO2 emissions associated with their manufacturing 
processes. Another potential alternative is to apply a hard coating to the surface to be protected. Tri-chrome 
conversion coatings or tungsten carbide or others may be suitable in some applications.


Table 6.3 includes data from Emerson’s liner selection guide to show performance of fluoropolymers and 
potential alternative materials against five common industrial chemicals. For temperature resistance, the 
value represents confirmed performance, not the limitation of the material. Although several material 
properties were considered in the down-selection of these candidate liner materials, chemical and 
temperature resistance are dominant.


TABLE 6.3	 Resistance of liner materials to five common industrial chemicals


COMMON 
INDUSTRIAL 
CHEMICALS


ANNUAL 
TONNAGE 


(MILLIONS)
RESISTANCE OF LINER MATERIALS UP TO WHICH TEMPERATURE


PTFE ETFE PFA Polyurethane Neoprene Natural 
rubber


Sulfuric Acid 20 120°C 120°C 120°C Not resistant Not resistant Not resistant


Ammonia 19 120°C 120°C 120°C 20°C 80°C Not resistant


Sodium 
Hydroxide 11 120°C 120°C 120°C 20°C 80°C 20°C


Benzene 8 120°C 80°C 120°C Not resistant Not resistant Not resistant


Sodium 
Carbonate 3 120°C 120°C 120°C Not resistant 80°C 80°C


Source: https://www.emerson.com/documents/automation/technical-data-sheet-magnetic-flow-meter-material-selection-guide-en-74360.pdf 



https://www.emerson.com/documents/automation/technical-data-sheet-magnetic-flow-meter-material-selection-guide-en-74360.pdf
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6.2.2	 SEALS
Metal-to-metal seals are gaining traction in static sealing applications, especially where high temperature and 
high-pressure performance is required such as in nuclear and aerospace. Challenges include low tolerance 
for surface imperfections, higher sealing forces (more bolts and more torque), and limitation of applications 
(static).


Most rubber materials and soft plastics cannot operate above 150°C or below -40°C, while PTFE has a 
very high and low operating temperature, up to 260°C and down to -200°C, respectively9. PCTFE is used 
in cryogenic and high temperature sealing applications. FKM and FFKM are used in high temperature 
sealing applications.


9	  See e.g. Matweb, Ansys Granta Material Database


Table 6.4 below shows the dominant Limited Oxygen Index (LOI) performance of PTFE. 


TABLE 6.4	 PTFE is commonly used in high concentration oxygen applications


POLYMERS LOI (%)


Acetal Homopolymer  15 


Polyethylene / Polypropylene  17 


Polyethylene Terephthalate  20 


Polycarbonate  27 


Nylon 6/6  29 


Liquid Crystal Polymers  36 


Polyvinyl Chloride  47 


Polyimide  53 


Viton FKM  57 


PCTFE  95 


PTFE  95 


Source: Thermal Properties of Polymeric Materials, Editor(s): E. Alfredo Campo, In Plastics Design Library, Selection of Polymeric Materials, William 
Andrew Publishing, 2008, pp. 103-140. ISBN 9780815515517. https://doi.org/10.1016/B978-081551551-7.50005-X


6.2.3	 VALVE PACKING
An alternative to valve packing is a valve bellows seal, which is a welded or mechanically formed metal barrier 
around the valve stem that can compress and stretch like an accordion. Because bellow seals are constructed 
of relatively thin metal and subjected to mechanical stress and chemicals, they routinely crack and fail. Often, 
a bellows seal has a PTFE packing above it to contain the process fluid in case of a bellows failure in operation.


Graphite is a potential alternative material to replace PTFE in valve packing. Using parameters provided in the 
International Organization for Standardization (ISO) 15848-1, the following shows the amount of time a two-
liter bottle would fill with helium due to valve packing leaks using PTFE and using graphite: 


	› PTFE: 1.42 Years (518.3 days)


	› Graphite: 0.014 Years (5.1 days)


This demonstrates that PTFE provides two orders of magnitude better emissions control over graphite. 
Removal of PTFE will result in increased emissions of potentially harmful gases that could be detrimental to 
people and the environment, further contributing to the climate change crisis. For reference regarding scale 
of use, over 1,000 valves can be used in a single chemical processing facility. 



https://doi.org/10.1016/B978-081551551-7.50005-X
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6.2.4	 VALVE SEATS
Metal-to-metal seated valves are gaining traction in sealing applications, especially where high temperature 
and high pressure performance is required such as in nuclear and aerospace. Challenges include low 
tolerance for surface imperfections, higher sealing forces (more bolts and more torque), and limitation of 
applications (mostly static or very low cycles). Often hard coatings such as tungsten carbide are applied to the 
metallic seal surface to mitigate imperfections and to reduce friction.


6.2.5	 WIRE AND CABLE
Cables and wire that are used in IAMC equipment invariably require a non-conductive insulation material to 
prevent shorting and electrical shock. Alternative designs may eliminate the need for the cables and wire to 
be exposed to the operating environment. If alternative insulation is needed, Mica is worth consideration. It 
may serve as a suitable alternative in some applications, especially those where flexibility is not needed as 
mica is very brittle.


The Figure 6.2 below shows that alternatives cannot match PTFE’s performance in terms of a low 
dielectric loss tangent in combination with a high service temperature, as well as high dielectric strength in 
combination with a high service temperature.


FIGURE 6.2	 Dielectric loss tangent and dialectic strength of fluoropolymers and alternatives


Source: Ansys Granta Materials Database







22PFAS REACH Restriction Consultation Response |  Justification to Add a New Use Sector and Derogation


6. Assessment of Alternatives


6.2.6	 ELECTRONICS
Figure 6.3 below plots dielectric constant against maximum service temperature data from Ansys 
Granta’s enterprise materials intelligence database. Alternatives such as PEEK do not fulfill all application 
requirements. Microwaves are heavily affected by water, that is the higher dielectric constant the more signal 
is reflected from the surface. Therefore, it is also important that the water does not “get stuck” on the surface 
of the antenna and that the water does not penetrate into the waveguide material. When PEEK is pressurized 
with steam, the water will penetrate into the waveguide and affect the reliability of the measurement and 
even block the signal of the measurement.


FIGURE 6.3	 Dielectric constant at different service temperatures for fluoropolymers and alternatives


Source: Ansys Granta Materials Database
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SOCIO-ECONOMIC 
IMPLICATIONS


7	


7.1  Anticipated Reactions to the 
Proposed Restriction


The proposed REACH restriction on PFAS would ban the use of fluoropolymers 
in all IAMC applications containing PFAS from 18 months from entry into force 


of the restriction, except for those that are covered by the proposed time-limited 
derogations in the restriction proposal. As discussed in Section 3, Emerson expects 


that the vast majority of IAMC equipment contains fluoropolymers and are therefore 
affected by the proposed restriction. The main relevant proposed derogations, 


proposed in RO2 of the restriction report, that would cover IAMC applications are for:


	› Fluoropolymer applications in petroleum and mining industry until 13.5 years after 
entry into force (paragraph 6.f. of the proposed restriction)


	› Fluoropolymer food contact materials for the purpose of industrial and professional food and feed 
production until 6.5 years after entry into force (paragraph 6.a. of the proposed restriction)


	› Potential derogation marked for reconsideration after the Annex XV report consultation: the 
semiconductor manufacturing process until 13.5 year after entry into force (paragraph 5.ee. of the 
proposed restriction) 


Virtually all other IAMC uses are not expected to be covered by the proposed derogations, which IAMC 
suppliers expect to represent the vast majority of applications. For these applications, there are two main 
scenarios: Either alternatives are used to substitute fluoropolymers in these IAMC uses, or the IAMC 
equipment is withdrawn from the market in the European Union and the European Economic Area. The 
assessment of alternatives (Section 6) has shown that the potential alternatives identified so far cannot 
provide the same performance as fluoropolymers in the context of the specific combination of harsh 
conditions (e.g., extreme temperatures and corrosive chemicals) in many IAMC uses. Therefore, the use of 
alternatives would lead to a reduction in performance of IAMC equipment. In some cases, this would likely 
make the IAMC application technically and/or economically unfeasible, and the benefits associated with 
the use of IAMC the application would be lost. The socio-economic implications of both scenarios (use of 
alternatives, withdrawal from market) for the IAMC sector, downstream users, and the wider economy and 
society in Europe are discussed in more detail in the following sub-sections.
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While this is difficult to predict over the wide range of IAMC applications, Table 7.1 provides examples of 
IAMC applications that are expected to be withdrawn as a result of the restriction, and IAMC applications in 
which Emerson expects fluoropolymers to be replaced with alternatives.


TABLE 7.1	 Anticipated reaction to a restriction of fluoropolymers in IAMC equipment


USES/PRODUCTS EXPECTED TO BE WITHDRAWN 
AS A RESULT OF THE RESTRICTION


USES/PRODUCTS IN WHICH PFAS ARE EXPECTED 
TO BE REPLACED WITH ALTERNATIVES


	› Electromagnetic flow meters used in harsh environments
	› Valves used in harsh environments
	› Regulators used in semiconductor applications
	› Level measurement devices used in harsh environments
	› Regulators, valves and/or actuators with PCTFE valve seat 


used in oxygen applications
	› Valves (solenoid, others), actuators, and regulators with 


PTFE seals for cryogenic applications
	› Measurement equipment with PTFE or PFA liners in media 


that is highly corrosive and will attack the un-lined surface
	› Measurement equipment used in harsh environments


	› Wire insulation in flow meters - possibly 
changing to polyimide or mica, application 
dependent


	› Measurement equipment liners – possibly 
switching to cross-linked polyethylene for less-
benign chemical processing applications


	› Control valves - switching to graphite or metal 
bellows packing


7.2  Implications for IAMC Suppliers
As a significant portion of IAMC applications would likely be withdrawn from the European market, Emerson 
expects that devastating cuts at IAMC suppliers would likely be experienced. Emerson employs over 
16,500 people at 51 manufacturing sites and 50 sales / service center locations across 21 EU Member States. 
Emerson estimates that there are around 1,000 IAMC suppliers in Europe. As shown in Section 2, IAMC 
generates revenues of €56 billion annually in Europe. A portion of this economic activity could be lost to the 
European economy.


In those cases where fluoropolymers can be replaced with alternatives, there could be savings for material 
costs (as alternatives are often cheaper than fluoropolymers), but due to the decrease in performance and 
the competitiveness of the market, the prices that suppliers can sell IAMC equipment for would likely also 
be reduced. However, more importantly, there would be significant substitution costs for redesigning IAMC 
equipment and manufacturing processes (see also Section 6.1.4.). Emerson expects substitution costs to 
be in the order of hundreds of thousands of Euros for a single IAMC product. Considering there are around 
1,000 different suppliers and assuming each supplier has at least tens to hundreds of different products, total 
substitution costs could be in the order of billions to tens of billions of Euros. Additional substitution costs 
would likely arise for downstream users, as discussed further below.
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7.3  Implications for Downstream Users
Downstream user sectors relying on industrial automation and the products and services it enables account 
for economic activities and benefits that are likely orders of magnitude larger than the IAMC sector itself. 
If a significant part of IAMC applications were lost due to the proposed restriction, this could severely 
affect industrial automation, increase the costs of industrial processes, and put the benefits provided 
by applications in downstream user sectors at risk. Examples of potential impacts in downstream user 
sectors include:


	› Water treatment and food processing: The production of chlorine in Europe could be affected, and 
chlorine could therefore become more expensive or scarce, as it needs to be imported from outside 
Europe. Besides the loss of the economic activity from chlorine production in Europe, the costs and 
safety of water treatment and food processing could also be affected. Chlorine is the most common 
type of drinking water disinfectant and used to clean and sterilize food processing equipment to prevent 
bacteria growth.


	› Semiconductors: The production of semiconductors in Europe could become less effective and 
efficient, and therefore more costly or even technically and economically unfeasible. The associated 
economic activity would be lost and previously domestically produced semiconductors would need to be 
imported instead.


	› Pharmaceutical and food manufacturing, power generation: The loss of valves using fluoropolymers 
could reduce the efficiency and safety of many industrial processes such as the processing and storage of 
chemical feedstocks, pharmaceuticals, petroleum, hydrogen and food, as well as power generation.


In those cases where fluoropolymers are replaced with alternatives, there could be savings resulting from 
the lower material prices of alternatives compared to fluoropolymers, but this would likely be far outweighed 
by substitution costs and the implications of the reduced performance of the IAMC equipment. Substitution 
costs would involve the costs for substituting IAMC equipment before the end of its lifecycle, and potentially 
also redesigning the downstream application to take into account the changes to the IAMC equipment. 
However, more importantly, due to the lower performance of alternatives, their use could lead to more 
frequent failures, maintenance and replacement, with associated downtime and costs. Emerson expects that 
the cost of downtime/shutdowns is likely most significant (depending on the application, in the millions of 
Euros per shut down). Considering the wide range of downstream uses of IAMC equipment, the total costs 
to downstream users associated with substitution and reduced performance cannot be estimated, but would 
likely be orders of magnitude larger than the costs to IAMC suppliers.
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7.4  Wider Impacts
The potentially significant negative implications for the IAMC sector and especially the many downstream 
user sectors could lead to wider impacts for the European economy and society. For example:


	› Emerson is concerned that the EU could fall behind other countries on technology competitiveness, 
especially in the area of chemical processing. Potential outcomes include reduction in manufacturing 
operations resulting in higher imports for everything from food to pharmaceuticals. 


	› Many of the affected downstream user sectors play important roles in policies and strategies vital to 
Europe’s future, such as for example alternative energy, transportation, and battery manufacturing. 
Table 7.2 provides a detailed overview of key sectors that will be impacted, and highlighting the impacts 
(both economic and environmental) and the EU- and global- level policies and strategies that could be 
jeopardized as a result – this covers for example:


	› Access to clean drinking water


	› Food supply


	› Semi-conductor manufacture 


	› Production of chemicals and pharmaceuticals


	› Clean energy, e.g. hydrogen production 


	› Wider sustainability initiatives 


In those cases where fluoropolymers are replaced with alternatives, the carbon footprint of the affected 
products could worsen as certain alternatives also exhibit higher density (increased weight), and higher 
life-cycle carbon emissions associated with the production process. More frequent replacement of parts 
due to the lower performance of alternatives would lead to more waste. Furthermore, many downstream 
user applications involve hazardous fluids or gases, so if alternatives cannot properly contain them, there 
is a significant health, safety and environmental risk (see also Section 6.1.5). Due to the potential severity 
of a failure, significant caution is expressed regarding the removal of fluoropolymers, a material that has 
performed so reliably for over six decades. One prevailing concern is that industry standard bodies like ATEX 
may need to lower their bar for hazardous location equipment to accommodate replacement materials that 
currently cannot deliver the required performance.
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TABLE 7.2	 Overview of EU- and global-level policies and strategies, where use of PFAS in IAMC equipment is potentially significant 


TYPE OF USE USE OF PFAS / 
WHY PFAS ARE IMPORTANT KEY EU ACTIONS KEY GLOBAL ACTIONS


Provision of safe 
drinking water 


PTFE & PFA liners in measurement equipment and valves for the 
production of chlorine. Highly concentrated chlorine is corrosive 
and highly toxic to people and the environment. PTFE & PFA 
liners can withstand the corrosive environment, are lightweight 
and have a relatively low carbon footprint associated with their 
manufacturing processes.
Chlorine is able to reduce the chance of pathogen regrowth in 
water storage tanks or distribution systems. It also oxidizes iron, 
manganese, taste and odor compounds, remove color in the 
water, destroy hydrogen sulphide, and aid other water treatment 
processes, such as sedimentation and filtration.
Highly concentrated chlorine is corrosive to metals and highly 
toxic to people and the environment. Exotic metals that might 
withstand the corrosive environment are not viable due to 
the high weight and increased CO2 associated with their 
manufacturing processes.


At EU-level a key pillar of drinking water 
policy is to “protect human health by 
ensuring the quality of water intended for 
human consumption”. 
The recast Drinking Water Directive is 
the EU’s main law on drinking water. It 
concerns the access to and the quality of 
water intended for human consumption 
to protect human health.


World Health organisation (2017) Guidelines 
for drinking-water quality (4th edition) – sets 
specific guidelines for chemical and microbial 
levels in drinking water. 
The UN Sustainable Development Goals 
include a target for the provision of clean/safe 
drinking water (SDG6) – Target 6.1: “By 2030, 
achieve universal and equitable access to safe 
and affordable drinking water for all”. 


Provision of safe 
food supply 


Chlorine is used to clean and sterilize food processing equipment 
to prevent bacteria growth.
	› Highly concentrated chlorine is corrosive to metals and highly 


toxic to people and the environment.
	› Exotic metals that might withstand the corrosive environment 


are not viable due to the high weight and increased CO2 
associated with their manufacturing processes.


An extensive body of EU-wide law 
covers the entire food production and 
processing chain within the EU.
This includes maintaining good food 
hygiene, by controlling contaminants 
and residues. For example, maximum 
acceptable limits apply to domestic and 
imported food and feed products.


The UN Sustainable Development Goals 
include a target for the provision to “End hunger, 
achieve food security and improved nutrition” 
The WHO Global Strategy for Food Safety 
2022-2030 aims to ensure that all people, 
everywhere, consume safe and healthy food so 
as to reduce the burden of foodborne diseases


Semi-conductor 
manufacture 


Use in semiconductors and microchips manufacturing ensuring 
that highly corrosive chemicals do not contaminate ultra-clean 
fabrication environment.
Pressure regulators utilize PTFE and PCTFE in valve seats to 
control the pressure of media used in etching and chemical 
vapor deposition processes for semiconductor manufacturing, 
providing high purity and compatibility with the processed gases 
to prevent a reaction with the media. PCTFE also delivers an 
ideal compressive modulus and creep resistance for maintaining 
sealability.


The European Chips Act aims to double 
European production capacity (from 10% 
to 20%) of the global market by 2030. 
The goal is to address semiconductor 
shortages and strengthen Europe’s 
technological leadership. More than 
€43 billion of policy-driven investment 
will support the Chips Act until 2030.


The rapid vertical and horizontal expansion 
in chips applications means the market for 
semiconductors is expected to double from 
€512.5 million presently to over €931.9 billion 
by 203010, indicting there will be a rapid 
increase in global demand and production. 


10	  https://espas.eu/files/Global-Semiconductor-Trends-and-the-Future-of-EU-Chip-Capabilities-2022.pdf



https://environment.ec.europa.eu/topics/water/drinking-water_en

https://environment.ec.europa.eu/topics/water/drinking-water_en

https://eur-lex.europa.eu/eli/dir/2020/2184/oj

https://www.who.int/publications/i/item/9789241549950

https://www.who.int/publications/i/item/9789241549950

https://sdgs.un.org/goals/goal6

https://sdgs.un.org/goals/goal6

https://european-union.europa.eu/priorities-and-actions/actions-topic/food-safety_en

https://sdgs.un.org/goals/goal2

https://sdgs.un.org/goals/goal2

https://www.who.int/publications/i/item/9789240057685

https://www.who.int/publications/i/item/9789240057685

https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/europe-fit-digital-age/european-chips-act_en

https://espas.eu/files/Global-Semiconductor-Trends-and-the-Future-of-EU-Chip-Capabilities-2022.pdf
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TYPE OF USE USE OF PFAS / 
WHY PFAS ARE IMPORTANT KEY EU ACTIONS KEY GLOBAL ACTIONS


Processing and/or 
Storage of Chemical 
Feedstocks, 
Pharmaceuticals, 
Petroleum, 
Hydrogen 


Control and isolation valves utilize PTFE valve packing in the 
production of pharmaceuticals, chemicals, hydrogen processing, 
etc.
	› PTFE valve packing is better at sealing gases than graphite, 


is inert and delivers performance at extreme temperatures, 
-200°C to +260°C


	› PTFE waveguides are used in non-contact, radar level 
measurement applications for safe storage of harsh chemicals.


	› PTFE and PFA liners are used in flow meters to control process 
conditions. Liners protect metal from corrosive media.


The Pharmaceutical Strategy for 
EuropeEN••• and associated roadmap 
aims at creating a future proof 
regulatory framework and at supporting 
the industry in promoting research and 
technologies. One of the key pillars of 
this is to “supporting competitiveness, 
innovation and sustainability of the 
EU’s pharmaceutical industry and the 
development of high quality, safe, effective 
and greener medicines”. 
The EU Hydrogen strategy includes 
key actions around boosting demand 
for and scaling up production and 
designing an enabling and supportive 
framework for hydrogen production in 
Europe. 


N/A 


Pressure Vessels 
for processing of 
pharmaceuticals, 
power, and food


Across all pressure vessels – from a home pressure cooker to 
a three-story pressurizer in a nuclear reactor – a relief valve is 
required by law for safety.
	› Industrial relief valves use PTFE, FKM & FFKM in valve seats at 


high temperatures (>150°C) and high pressures (>100 bar).
	› Pressure vessels include boilers, heat exchangers, chemical 


reactors, etc.
	› Alternative materials do not provide adequate properties for 


reliable seals on these devices.


Slower Adoption 
of Sustainability 
Initiatives


Fluoropolymers such as PTFE are utilized in most decarbonization 
activities such as H2 production and storage, mobility, wind and 
solar.
Fluoropolymers are used as protective films in solar, coatings, 
for offshore wind turbines, and membranes for transportation 
activities involving H2 and battery manufacturing.


The European Green Deal (2019) aims to 
make Europe climate neutral by 2050. 
To make this objective legally binding, 
the Commission proposed the European 
Climate Law, which also sets a new, 
more ambitious net greenhouse 
gas emissions reduction target of at 
least -55% by 2030, compared to 1990 
levels.
The Net-Zero Industry Act11 proposal sets 
a benchmark for the manufacturing 
capacity of strategic net-zero 
technologies to meet at least 40% of the 
EU’s annual deployment needs by 2030.


EU policies are linked to global action, 
principally the 2015 legally binding international 
treaty on climate change by UNFCCC, the Paris 
Agreement. 
The UN Sustainable Development Goals 
include a target for the provision of affordable 
and clean energy (SDG7) – including: 
	› 7.1 By 2030, ensure universal access to 


affordable, reliable and modern energy 
services.


	› 7.2 By 2030, increase substantially the share 
of renewable energy in the global energy 
mix.


	› 7.3 By 2030, double the global rate of 
improvement in energy efficiency.


	› 7.B By 2030, expand infrastructure and 
upgrade technology for supplying modern 
and sustainable energy services for all in 
developing countries. 


11	  The European Commission proposed the Net-Zero Industry Act (NZIA) on 16 March 2023



https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52020DC0761

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52020DC0761

https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/12421-Pharmaceuticals-safe-and-affordable-medicines-new-EU-strategy-_en

https://energy.ec.europa.eu/topics/energy-systems-integration/hydrogen_en#eu-hydrogen-strategy

https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal/climate-action-and-green-deal_en

https://ec.europa.eu/clima/policies/eu-climate-action/law_en

https://ec.europa.eu/clima/policies/eu-climate-action/law_en

https://single-market-economy.ec.europa.eu/industry/sustainability/net-zero-industry-act_en

https://unfccc.int/most-requested/key-aspects-of-the-paris-agreement#:~:text=The%20Paris%20Agreement's%20central%20aim,further%20to%201.5%20degrees%20Celsius.

https://unfccc.int/most-requested/key-aspects-of-the-paris-agreement#:~:text=The%20Paris%20Agreement's%20central%20aim,further%20to%201.5%20degrees%20Celsius.

https://sdgs.un.org/goals/goal7

https://sdgs.un.org/goals/goal7
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7.5  Potential Impacts of a 12-Year Derogation for 
Fluoropolymers in IAMC Equipment
A 12-year derogation period could provide material suppliers time to develop suitable alternatives, and IAMC 
suppliers and downstream users time to re-design their products and processes, and/or test the alternative 
materials to ensure their function, safety, and compliance with applicable standards and regulations (see also 
performance requirements outlined in Section 5). Emerson expects that these activities will need to be 
executed concurrently as estimated timelines overlap, with the possible emergence of a suitable alternative 
estimated at 4-6 years and re-designing the IAMC portfolio at 8-10 years. In addition, for many applications, 
feasible alternatives are currently not available, and so substitution plans involve a high degree of uncertainty 
and risk. A suitably long derogation period would help reduce this risk of not successfully identifying suitable 
alternatives and completing substitution before the entry into force of the restriction, and therefore mitigate 
some of the worst potential socio-economic implications discussed above.
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EMISSIONS (INCLUDING 
END‑OF-LIFE)


8	


8.1  Introduction
This section includes consideration of the possible emissions to environment. 


In developing the evidence for this section, we have taken into consideration 
our own uses to provide information in a format as consistent to the REACH 


restriction dossier as possible. We therefore note the following important details:


	› Based on the definition of PFAS used under REACH and different reference 
documents it is estimated that between 4,700 and 6,300 unique substances 


exist. Developing emission estimates on a substance-by-substance basis is hugely 
challenging and therefore the restriction dossier has used grouping approaches, 


largely based on emissions of total non-polymeric PFAS, total polymeric PFAS, and 
total side-chain fluoropolymers. The same grouping approach has been used in this 


section with only ‘total PFAS emissions’ provided.


	› IAMC suppliers use only fluoropolymer based PFAS within its products with the vast majority meeting 
the OECD's 13 criteria for polymers of low concern1. The sector does not intentionally make use of any 
non-polymeric PFAS or side-chain fluorinated polymers. During the Q&A session held by ECHA in June 
202312 it was highlighted that the concerns for fluoropolymer inclusion within the REACH restriction was 
related specifically to emissions during manufacture of fluoropolymer and end-of-life waste management. 
On that basis fluoropolymers could be viewed in terms of the full life cycle in a more holistic way. We 
have therefore structured this section in terms of estimating emissions across the life cycle in terms of 
manufacturing, service-life, and end-of-life. This is intended to help determine the key stage of release 
and management measures to limit release. We have also divided our applications into fully closed, 
partially closed, and open13 to further help characterize the service life stage.


	› IAMC suppliers do not directly manufacture fluoropolymers, but purchase the finalized fluoropolymer 
components (e.g., O-rings) for assembly within its own manufacturing processes to produce a range 
of articles for the IAMC sector. There are a small number of cases where it is necessary to cut down or 
reduce the size of fluoropolymer components to fit within IAMC equipment, which requires machining 
(grinding/cutting processes). These activities are completed within environmental settings to protect the 
health and safety of workers and aims to meet the standards set out by best practice under the Industrial 
Emissions Directive. Furthermore, since the nomination of PFAS for restriction under REACH, options are 
being explored to phase out this activity. 


	› The aim, as far as possible, is to provide estimates in a quantitative fashion based on available data 
and our own investigations. However, this has still been very challenging, due in part to the very robust 
nature of fluoropolymers and situations in which they have been used. In the cases where it has not been 
possible to provide quantitative values, the aim has been to still provide a qualitative description of use 
and potential emission. Again, the ultimate aim of this section is to provide direction on the magnitude of 
emissions, key points of release during the life cycle, and steps to limit emissions.


12	  All Webinars - ECHA (europa.eu)
13	  �As further comment on this specific aspect we make the following assumptions. ‘fully closed’ relates to applications where the fluoropolymer component is used 


within a fully sealed article for the entire duration of its service life. A good example of this might be valve packing or valve seats within sealed units. ‘Partially closed’ 
relates to applications which are largely sealed with some potential release. The best example of this relates to liners used in pipework. The pipework itself is fully 
sealed for the full service-life, however, where the liner forms the inner most layer it means that there could be releases into the liquids/gases passing through the 
pipe with later release to environment. ‘open’ relates to applications used without containment in both indoor and outdoor environments. The best example of this 
would be insulating sheaths used on power cables.



https://echa.europa.eu/-/restriction-of-per-and-polyfluoroalkyl-substances-pfass-under-reach
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As a further comment on developing emission estimates it is noted that developing precise IAMC 
fluoropolymer emissions are more difficult to assess because they primarily take place at the end of a 15+ 
year life. Both the benefits and impacts must be considered. On the positive side, fluoropolymer valve 
packing prevents emissions to the environment due to increased seal efficiency over competing materials. 
On the negative side, negligible and non-toxic emissions may be released over the entire life cycle of the 
fluoropolymer product. Despite the relatively small emissions in the IAMC sector, there are further mitigating 
factors that tend to reduce the concern about emissions even more. The useful lives of IAMC equipment 
and components are very long, often greater than 15 years. This is in contrast to single use and/or limited 
lifetime consumer products that reach their end-of-life stage more quickly. Moreover, due to the closed-loop 
and sealed structure of IAMC equipment, the risk of environmental or human exposure is very limited during 
the use phase. Even equipment operators are unlikely to come in contact with the fluoropolymers in the 
system, as the fluoropolymers are utilized in discrete, solid plastic parts that are embedded or lined inside the 
components of the final end-products. 


Another option for estimating IAMC emissions is to leverage the similarities to the Petroleum and Mining use 
sector and assign values that are on the same order of magnitude.


8.2  Manufacturing 
IAMC suppliers do not directly manufacture fluoropolymers. All components made of fluoropolymers or 
containing fluoropolymers are pre-manufactured by upstream suppliers and provided as final components 
(i.e., O-rings). Based on the Q&A held by ECHA in June 2023 we understand the major concerns for 
fluoropolymers as a source of PFAS emissions relates to the manufacture of fluoropolymer (particularly using 
non-polymeric PFAS as a processing aid) and to the waste management aspects, particularly incineration. 
Where IAMC suppliers sit within a wider supply chain, they have more limited influence on upstream activities. 
However, options are being explored with suppliers to better understand whether the fluoropolymer 
components will be made using non-polymeric PFAS as processing aids.


The aim is to source as far as possible fluoropolymer components that were made with non-polymeric PFAS 
processing aids. If this is not possible, we will also work with our suppliers to help support the transition to 
PFAS-free processing aids. 


The manufacturing stage of the process covers the assembly of components into finished articles for use by 
downstream customers. In a very limited number of cases, it is necessary to machine certain components to 
reduce their size in order to facilitate assembly. This includes cutting/grinding processes to reduce the size 
of the component. In these cases suitable abatement technologies are utilized to limit direct exposure of 
workers to any dusts, and collect the dusts for waste management.


These dusts currently go to waste disposal (landfill) but could be further managed. We note that Daikin14 
has recently launched ‘the group basic environmental policy’ which includes the collection of debris from 
production processes (PTFE, PFA, FEP) whether manufactured in-house or otherwise. The quantity of debris 
created by machining processes is low (0.5 - 2.5% w.w. equivalent to 11 - 55 tonnes per annum) but could 
be sent to Daikin for repelletization. This is an aspect we would be willing to explore further in the future if 
economically reasonable.


On this basis we expect the total emission of fluoropolymer to air, land, water to be negligible and waste 
generation to be less than 55 tonnes per annum.


14	  �https://www.daikinchemicals.com/company/sustainability/fluoropolymer-recycle.html#:~:text=These%20waste%20materials%20are%20
turned,materials%20for%20tubes%20and%20pipes.



https://www.daikinchemicals.com/company/sustainability/fluoropolymer-recycle.html#:~:text=These%20waste%20materials%20are%20turned,materials%20for%20tubes%20and%20pipes

https://www.daikinchemicals.com/company/sustainability/fluoropolymer-recycle.html#:~:text=These%20waste%20materials%20are%20turned,materials%20for%20tubes%20and%20pipes
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8.3  Service Life
As noted in the introduction to this section, fluoropolymer components within an article are considered in 
fully closed, partially closed, or open systems. For a component within a fully closed system, the fluoropolymer 
emissions during the component’s service life are negligible, as the component is fully encapsulated within 
the article. Fluoropolymer degradation can occur during the component’s service life, however as the system 
is fully closed, there is no opportunity for environmental emissions from this degradation. 


For partially closed and open systems, fluoropolymer emissions are non-zero, with the extent of the emissions 
depending on the conditions to which the component is exposed. In the case of partially closed systems, 
such as liners, repetitive, abrasive mechanical degradation can take place. In general, it has been found that 
surface abrasion on a fluoropolymer is highly dependent on the fluoropolymer type, as well as the particle 
size and type15. Surface abrasion is an opportunity for mechanical degradation of micro-particulates of the 
fluoropolymer which become emission sources when leaving the partially closed system. Surface abrasion 
also alters the hardness and the hydrophobicity of the fluoropolymer, further increasing the opportunities 
for emissions in partially closed systems. Precautionary measures are taken for partially closed systems by 
conducting particle counts on regulators with fluoropolymer value seatings and adding an inline filter to 
remove further particulates. 


In an open system, the extent of emissions further increases, as the external conditions can be variable and 
unpredictable. For example, the cable sheathings are typically used in the following environmental conditions: 


	› Low Temperature: -55°C


	› High Temperature: 200°C


	› Indoor/Outdoor proportionality: 70% Indoor/30% Outdoor


	› Humidity: Ambient


	› Dust: No issues


In open systems, there are more opportunities for fluoropolymer emissions. While the environmental 
conditions for IAMC products are not considered extreme for fluoropolymers, repetitive significant changes 
in operating conditions over time lead to polymer aging, and an increased opportunity for fluoropolymer 
emissions16. As mentioned for partially closed systems, fluoropolymer abrasion during service life can occur, 
however in the case of the open system, there are no measures in place to contain the particulates. 


The summary of IAMC’s main product categories and anticipated emissions for fluoropolymers within the 
categories can be found in Table 8.1.


15	  �Guerrero-Vaca, G. and Rodriguez-Alabanda, O. Analysis of Wear Phenomena Produced by Erosion with Abrasive Particles against Fluoropolymeric Coatings. Polymers 
(14) 21, 2022. https://www.mdpi.com/2073-4360/14/21/4617


16	  �Zepp, R., et al. Fragmentation of polymer nanocomposites: modulation by dry and wet weathering, fractionation, and nanomaterial filler. Environ. Sci.: Nano, 2020, 7, 
1742-1758. https://pubs.rsc.org/en/content/articlehtml/2020/en/c9en01360a







33PFAS REACH Restriction Consultation Response |  Justification to Add a New Use Sector and Derogation


8. Emissions (Including End-of-Life)


TABLE 8.1	 Anticipated emissions of fluoropolymers in IAMC equipment


LINERS SEALS VALVE 
PACKING VALVE SEATS CABLE & WIRE 


INSULATION ELECTRONICS


Pressure, Flow, 
Level, Temp


All IAMC 
Equipment


Control & 
Isolation 


Valves


Valves, Regulators, Actuators
Semiconductor Application


All IAMC Equipment All IAMC 
Equipment


System Type Partially closed Fully closed Fully closed Partially closed Open Partially closed 


Emissions of 
fluoropolymers from 
IAMC equipment (e.g., 
weight of new and 
worn components to 
determine material loss).


Not an appreciable 
amount


None None Not an appreciable amount, especially in 
semiconductor manufacturing where the only plastic 
part in the regulator is the valve seat. The seat is not 
overloaded so friction stress is low. Particle count 
is conducted on regulators before release (often 
zero). Also, a filter is in line to prevent contamination 
throughout the process. If particulate is shed, it won’t 
be seen. SEMI F70 particle count standard is followed 
for particle count evaluation (mostly zeros) on all 
regulators before they are shipped from Emerson. 
ASTM F1394 is also followed for determination of 
particle count.


Material is robust and 
inert, zero emissions 
expected.


No data available
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8.4  End-of-Life
8.4.1	 WASTE MANAGEMENT
Once the equipment containing fluoropolymers reaches the end of the service life phase there are effectively 
three waste management options. This covers the potential for recovery and recycling, disposal in landfill, 
and destruction through incineration at Energy from Waste (EfW) plant. IAMC equipment is designed so that 
it can be disassembled and separated at the end-of-life for processing or re-use in a circularity methodology. 
Based on discussion with customers, information is provided in Table 8.2 to provide best estimates for the 
current disposal pathways for IAMC products that contain fluoropolymer. It should be considered that supply 
chains can be complex and we have collated the data available to us. This may mean some deviation from the 
estimates for any missing respondents / changes on day-to-day demands. 


By volume (see Table 4.1 with tonnages), the highest usage of fluoropolymer within IAMC products is for 
seals, which makes up 70% of all fluoropolymer used within this sector. This category also has the highest 
rates of recovery and recycling (65%). In terms of total fluoropolymer used annually in IAMC products 
(2,140 tonnes), just under 55% (1,170 tonnes) is sent for recovering and recycling, with a further 32% 
(677 tonnes) sent to landfill and 13% (285 tonnes) sent for thermal destruction. Further commentary on 
recycling and the types of recycling process is provided in Section 8.4.2.


During the ECHA Q&A held in June 2023, the primary concerns for release of PFAS from fluoropolymers was 
highlighted as being during the manufacture of fluoropolymer (particularly where non-polymeric PFAS is used 
as a processing aid), and during the end-of-life management, particularly incineration.


Based on the data gathered and waste disposal options, the lion share of the fluoropolymer sent for thermal 
destruction will be PTFE (40-50%), with the next major substances being PCTFE, FKM, FFKM, and EFTE. The 
remaining substances which make up a minor contribution (5% or less) are PFA and FEP. The stability of 
fluoropolymers varies depending on the specific fluoropolymer, with PTFE being the most stable. NILU, 
200917 documents a literature review for the fate and behavior of fluoropolymers during thermal destruction. 
At 800°C, the NILU study notes that the major breakdown metabolite is hexafluoropropylene (HFP). HFP 
is a colorless gas, which has also been identified as having uses as a raw material in other manufacturing 
processes, particularly the pharmaceutical industry18. Within the correct management process capture of flue 
gas could be used to prevent release and present a more circular management of PTFE waste.


Based on NILU’s study for the remaining fluoropolymers the major breakdown products during thermal 
destruction up to 800 Celsius include, tetrafluoroethylene (TFE, the monomer of PTFE), perfluorobutylethylene 
(PFBE), perfluoroisobutene (PFIB), chloropentafluorpropene (CPFP), chlorodifluoroacetic acid (CDFA), and 
carbonyl fluoride (COF2). 


Monitoring data from the Environment Agency of England19 based on municipal incinerators estimated that 
per tonne of solid waste thermally destroyed approximately 30kg of air pollution control residues (fly-ash) 
are generated and a further 250kg of grate ash (bottom ash). It is assumed that bottom ash fraction exceeds 
the 5mm diameter definition of ‘microplastics’. However, the fly ash fraction is likely within the scope of the 
definition. Based on 285 tonnes of fluoropolymer waste thermally destroyed per annum this equates to 
around 8.5 tonnes of microplastic based fluoropolymer. However, it is also noted that fly ash is extremely toxic 
and is managed as a hazardous waste, with additional controls that would limit release to the environment.


17	  NILU, 2009, Emissions from incineration of fluoropolymer materials, a literature survey. 
18	  Hexafluoropropylene Market Size, Trends & Share - 2028 | FMI (futuremarketinsights.com)
19	  Environment Agency (2002) Solid Residues from municipal waste incinerators in England Wales Published by the Environment Agency (UK)
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Aside from incineration, the second most important disposal option (by volume) is landfill, with an estimated 
32% of all fluoropolymers used within IAMC products consigned to landfill. As a general statement, 
manufacturers are committed to achieving the sustainability goals outlined within the EU Green Deal and 
continuing to improve upon recovery and recycling rates. As a comment on waste fluoropolymer consigned 
to landfill, it can be noted that fluoropolymers are inherently safe, non-mobile, non-bio accumulative and 
non-toxic. Waste is chemically inert and therefore, fluoropolymers disposed in landfills do not pose any 
substantive threat to human health and the environment.


TABLE 8.2	 Best estimate for end-of-life processing pathways for IAMC products containing fluoropolymer


LINERS SEALS VALVE 
PACKING VALVE SEATS


CABLE 
& WIRE 


INSULATION
ELECTRONICS


Recovery & 
Recycling


25%, flow meters 
are likely recycled as 
a unit so the liner is 
included and would 
be a contaminant


65%, flow meters 
are likely recycled 
as a unit so the 
seals are included 
and would be a 
contaminant


25%, valve 
packing is likely 
recycled as 
a unit so the 
valve packing 
would be a 
contaminant


50%, regulators 
are likely recycled 
as a unit so the 
PCTFE valve seat is 
included in the unit 
and would be a 
contaminant.


0% No data available


Incineration 25% 10% 25% 10% 0% No data available


Landfill 50% 25% 50% 35% 100% No data available


Additional 
end-of-life 
details


The manufacturing 
equipment will be 
recycled (scrap 
metal), but the 
liner is likely to be 
recycled with the 
electromagnetic 
flow meter or 
thrown in the 
landfill with the 
meter


The 
manufacturing 
equipment will 
be recycled 
(scrap metal), but 
the seal is tiny 
and likely to be 
recycled with the 
device or thrown 
in the landfill with 
the device


Sensors are 
generally 
recycled for 
the raw metal 
at end-of-life, 
rest of sensor is 
landfill


The manufacturing 
equipment will be 
recycled (scrap 
metal), but the 
valve seat is tiny 
and likely to be 
recycled with 
the regulator or 
thrown in the 
landfill with the 
regulator


Sensors are 
generally 
recycled for 
the raw metal 
at end-of-life, 
rest of sensor is 
landfill


No data available


8.4.2	 RECYCLING
Polymer recycling has become increasingly popular as an end-of-life option over the past few years, and is 
done either mechanically or chemically. Fluoropolymers can be chemically returned back to their building 
blocks for reconstruction without damage to their properties. 


With the increased push for circular economy, a number of recycling programs and methods have been 
developed. 3M and Invertec, along with others, partnered from 2005-2014 to develop a recycling process 
for PTFE20. Companies such as Daikin21 and Performance Plastics22 currently offer recycling for excess 
fluoropolymer waste from the production process, with both companies accepting fluoropolymers (such as 
PTFE, PFA, and FEP) from any production stream. Within the manufacturing industry, the mechanical recycling 
of some fluoropolymers, such as PTFE, is built into the overall process by creating a PTFE micropowder from 
excess polymer23. Industrial high temperature pilot scale work is also being done to use vacuum pyrolysis to 
regenerate gas-phase monomers from end-of-life industrial fluoropolymer applications26. 


20	  https://www.invertec-ev.de/en/projects/environmental-care/ptfe-recycling/
21	  https://www.daikinchemicals.com/company/sustainability/fluoropolymer-recycle.html
22	  �https://hpp.arkema.com/files/live/sites/hpp_extremematerials/files/downloads/article-reprints/kynar-article-reprints/2022-06-kynar-ar-pvdf-a-recyclable-


fluoropolymers-and-polyolefin-processing-recycling-aid.pdf
23	  https://pubs.acs.org/doi/full/10.1021/acs.est.0c03244



https://www.invertec-ev.de/en/projects/environmental-care/ptfe-recycling/

https://www.daikinchemicals.com/company/sustainability/fluoropolymer-recycle.html

https://hpp.arkema.com/files/live/sites/hpp_extremematerials/files/downloads/article-reprints/kynar-article-reprints/2022-06-kynar-ar-pvdf-a-recyclable-fluoropolymers-and-polyolefin-processing-recycling-aid.pdf

https://hpp.arkema.com/files/live/sites/hpp_extremematerials/files/downloads/article-reprints/kynar-article-reprints/2022-06-kynar-ar-pvdf-a-recyclable-fluoropolymers-and-polyolefin-processing-recycling-aid.pdf

https://pubs.acs.org/doi/full/10.1021/acs.est.0c03244
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In the case of fluoropolymers or co-polymers that have fluoropolymer components, recycling is a more 
straightforward process. Melt-processable fluoropolymers, can be recycled through traditional mechanical 
methodologies. The thermal reprocessing of PFA has shown negligible decrease in the physical properties of 
the polymer, and the use of extrusion chemistry decreases manufacturing emissions24. 


Recycling however becomes more difficult as the fluoropolymer and end use application become more 
complex. Some fluoropolymer applications, such as coatings for metals on non-stick cookware, present a 
unique challenge for recycling as the fluoropolymer needs vastly different recycling conditions than the metal 
does. However, in some cases layered products can be separated. For example, in electronic applications, 
the fluoropolymer sheets can often be separated from the other polymer laminate layers through the use of 
solvents and reused in manufacturing25.


For thermal recycling of melt-processable fluoropolymers, the recycling emissions are negligible. For 
mechanical grinding to recycle non melt-processable fluoropolymers, the recycling emissions are dependent 
on the system used for grinding, such as the particle containment and dust mitigation. In the cases of 
chemical recycling, the emissions are again dependent on the technique and tools used to accomplish the 
recycling. If fluoropolymers are not treated on their own but rather recycled with the overall article, the entire 
recycling stream will be subject to fluoropolymer emissions. 


8.5  Summary
This section has presented to our best knowledge the data available on the manufacture, use, and waste 
management of components containing fluoropolymer utilized in IAMC products. The results of the analysis 
suggest that the bulk of the potential emission occur during manufacturing and end-of-life, with very low to 
near negligible releases during service life. 


In terms of manufacturing and waste, the key issues relate to waste generation and management of that 
waste to prevent environmental release. Total fluoropolymer waste generation during manufacturing 
processes utilised in IAMC products equates to 0.5 – 2.5% w/w of total fluoropolymer used. Note that this is 
not direct environmental release but rather dust generation to be managed. During waste handling 55% of 
all end-of-life fluoropolymer is recovered and recycled, with the next biggest disposal option being landfill 
(32% by volume). The remainder (13%) is sent for thermal destruction. This is likely the biggest potential 
release of PFAS from fluoropolymer during incineration. It has not been possible to estimate this release, 
other than to note 28% (280kg per tonne) ends up as fly ash or bottom ash. The bottom ash fraction likely 
exceeds the definition of microplastics (i.e., particles will be bigger than 5mm), while fly ash (estimated as 
8.5 tonnes per annum) is managed as a hazardous waste to limit release as far as possible. 


24	  �Romoaldo, C.H., et al. Recycling Tetrafluoroethylene–Perfluoroalkyl Vinylether Copolymer (PFA) Using Extrusion Process. Materials and Engineering, 2023. https://
onlinelibrary.wiley.com/doi/pdfdirect/10.1002/mame.202200458


25	  https://link.springer.com/article/10.1007/s10163-023-01609-8
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ENDING STATEMENT9	
In closing, our derogation request is two-fold, as follows: 


1.	 Incorporation of IAMC equipment as a use sector, and
2.	 A 12-year derogation of fluoropolymers for use in IAMC 


equipment.


Fluoropolymers are clearly differentiated from other substances in this very 
broad group of PFAS chemicals. There is strong evidence that suggests that 


these materials will not give rise to situations of concern for human health or 
the environment, acknowledging as well that industry needs to continue making 


significant progress to limit the use of PFAS polymerization aids and to introduce 
adequate abatement techniques to keep emissions of potentially harmful fluorinated 


by-products under adequate control. 


Fluoropolymers are known for providing many beneficial properties simultaneously 
(combined in single products) that allow the continued development of applications critical 


to society, not only related to technological progress, but specifically in terms of safety to the population and 
development of green energy alternatives. 


In conclusion, Emerson recommends incorporation of IAMC as a new use sector and a 12-year derogation 
for fluoropolymers for use in IAMC equipment as part of the upcoming REACH PFAS restriction, as outlined 
in Restriction Option 2 (RO2). This position is consistent with Emerson’s continued commitment to preserving 
environmental sustainability and human health and as an advocate of restricting the use of harmful 
substances. Emerson is also committed to compliance with all relevant environmental laws and regulations in 
the countries in which we operate. 


This submission was preceded by Emerson’s summary derogation request, which was submitted 
on 9 May 2023. 


We appreciate the opportunity to provide this information and thank you for your time and consideration of 
our requests. We invite you to reach out to us for additional information or discussion regarding our request. 


Contact Details:


Amy Neal | Amy.Neal@emerson.com		  Wes Childers | Wesley.Childers@emerson.com


http://www.emerson.com/



mailto:Amy.Neal@emerson.com

mailto:Wesley.Childers@emerson.com

http://www.emerson.com/
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Appendix A: Case Studies


TITLE DESCRIPTION OF USE
IAMC 


EQUIPMENT 
USED


COMPONENTS FLUOROPOLYMERS 
USED FUNCTION PERFORMANCE PROVIDED


Improved 
Chlorine Analysis 
for Effective 
Disinfection 
Reduces Water 
Treatment Costs26


Water must be properly treated 
before it can be used by the 
public as a safe and reliable 
source for drinking.
Chlorine has commonly been 
used as a chemical disinfectant 
of drinking water for over a 
century. 
Water treatment plants have 
struggled with the question 
of how to best measure free 
chlorine in drinking water.
IAMC equipment is helping to 
measure free chlorine, total 
chlorine and monochloramine to 
ensure clean water.


Chlorine Sensor Membrane	
Seal	


PTFE ; FKM Amperometric 
chlorine sensors 
use a membrane to 
allow chlorine species 
to diffuse through 
to the electrodes 
while protecting the 
electrode from fouling. 
Key function provided 
by the fluoropolymer: 
Chemical resistance 
and membrane 
permeation 


Sensors with amperometric 
technology provide the following 
performance: 


	› Reagent free - no costly 
consumables replacement


	› Very low maintenance
	› Freedom from interference
	› Low error, and no errors due to 


reagent depletion
	› Consistent, constant, and 


accurate analysis
	› No hidden components or 


added chemicals that need 
checking and replacement, 
providing substantial benefits to 
water plants.


Emerson Solution 
Accelerates 
Fermentation 
Facility 
Start-Up at 
Pharmaceutical 
Plant27


A pharmaceutical company built 
a new fermentation facility that 
was controlled by an Emerson 
DeltaV™ distributed control 
system (DCS). The company 
wanted an Emerson process 
control solution that was easy 
to configure within the Delta 
V environment and offered 
complete interoperability with 
the production system.
The fermentation process 
involves the use of bacteria, 
yeast or fungi to produce a 
specific active ingredient or 
intermediate, which is then 
extracted and purified to create 
the pharmaceutical product.


Valve and 
Distributed 
Control System


Valve: Seal
DCS: Electronics


Seal: FKM
Electronics: PTFE


Chemical resistance, 
temperature


With the compact solution the 
customer had easy access to the 
valves and saved time and cost.


26	  https://www.emerson.com/documents/automation/white-paper-effective-chlorine-analysis-for-disinfection-en-5463798.pdf
27	  https://www.emerson.com/documents/automation/wln1016-pharmaceutical-preparations-web-en-7509780.pdf



https://www.emerson.com/documents/automation/white-paper-effective-chlorine-analysis-for-disinfection-en-5463798.pdf

https://www.emerson.com/documents/automation/wln1016-pharmaceutical-preparations-web-en-7509780.pdf
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Appendix A: Case Studies


TITLE DESCRIPTION OF USE
IAMC 


EQUIPMENT 
USED


COMPONENTS FLUOROPOLYMERS 
USED FUNCTION PERFORMANCE 


PROVIDED


The Role of 
Hydrogen in 
Carbon Reduction / 
TESCOM Air 
Operated Valve 
Helps H2 Refueling 
Stations Handle 
More Pressure 
and Reduce Fill-up 
Times


Recent years have seen a rapid growth in 
hydrogen electrolysis plants. Companies 
across the hydrogen value chain are 
working on large-scale projects to advance 
hydrogen fuel’s availability, its ease of 
use, and expand its contribution to 
decarbonization. 
Scaling up each area presents major 
challenges, in terms of efficiency, process 
control, safety, and reliability. It is critical 
to identify technologies that can reliably 
and efficiently control hydrogen fuel, from 
production through end use.
The portfolio of IAMC equipment that 
supports the H2 economy is vast. 
For an electrolyzer to work effectively and 
safely, the flow of water, hydrogen, and 
oxygen must be precisely controlled.


Multiple Liners, o-rings, 
valve packing, 
valve seats, 
electronics, etc.


Multiple (incl. FFKM, 
Perfluoroelastomer 
(Kalrez®), FKM)


High temperature, 
chemical resistance, 
and surface 
wetting and 
diffusion through 
Proton Exchange 
Membrane (PEM) 
membrane.


Reliable valves, back-
pressure regulators, 
and an intelligent 
programmable logic 
controller (PLC) with 
Supervisory Control and 
Data Acquisition (SCADA) 
can provide four layers of 
media control, preventing 
leaks and minimizing 
maintenance time and 
costs while protecting the 
plant at large.
Improving the pressure 
rate — and thus the fill 
rate — of a hydrogen 
refueling system, and 
reduced refuelling times. 
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Appendix A: Case Studies


TITLE DESCRIPTION OF USE
IAMC 


EQUIPMENT 
USED


COMPONENTS FLUOROPOLYMERS 
USED FUNCTION PERFORMANCE 


PROVIDED


Innovations 
in Pressure 
Regulators Support 
Yield Optimization 
in Semiconductor 
Manufacturing29


There is growing pressure (in Europe and 
globally) to increase chip production:
Yields, pushing manufacturers to search 
for solutions that will increase productivity 
while allowing them to take tighter control 
of quality.
Modernizing an operation with cutting 
edge automation and data analysis tools to 
speed up production is costly, particularly 
for those manufacturers who have long-
established and deeply rooted systems and 
controls. New innovations in gas delivery 
components are emerging.
Because there are so many gas delivery 
systems involved in semiconductor 
manufacturing, the pressure regulators 
that use control gas flow have taken center 
stage as a critical component in the pursuit 
of better yields. 
The more precise pressure and flow 
control and improved cycle times afforded 
by newer pressure regulator designs are 
helping manufacturers more tightly control 
gas delivery, which is directly tied to higher 
product quality and higher yield.
Regulators control the flow rate and 
pressure in precise gas delivery systems 
used in semiconductor manufacturing, 
including H2 for plasma cleaning and 
etching, surface passivation, and reducing 
oxide layers, oxygen for the oxidation of 
silicon and argon for sputter of metals.


Regulators
TESCOM™ 64-
5000 Series 
Subatmospheric 
Pressure Regulator


TESCOM™ ACS3200 
Series Changeover 
Pressure Regulator


Valve Seat PCTFE High purity, 
chemical resistance, 
mechanical 
properties 
(compressive 
modulus)


Allow pressure regulators 
to deliver safer and more 
reliable performance and 
contamination control in 
many types of ultrahigh-
purity gas delivery 
systems.
High purity regulators 
ensure no impurities / 
control of contamination 
into the process once 
the regulator is installed, 
as well as leak integrity 
within the regulator body.
Advances in the 
pressure regulator’s 
internal design, such as 
reductions in volumes 
and modifications to 
the diaphragm, have 
improved cycle times by 
reducing the amount 
of required to purge 
the regulator during 
changeover.


29	  �https://www.emersonautomationexperts.com/2022/fluid-control-pneumatics/the-chip-shortage-continues-how-semiconductor-manufacturers-are-responding/#:~:text=Innovations%20in%20Pressure%20
Regulators%20Support,and%20yield%20in%20semiconductor%20manufacturing.


Endnotes
1	 �Korzeniowski, S.H., Buck, R. C., Newkold, R. M., El kassmi, A., Laganis, E., Matsuoka, Y., Dinelli, B., Beauchet, S., Adamsky, F., Weilandt, K., Soni, V. K., Kapoor, D., Gunasekar, P., Malvasi, M., Brinati, G. Musio, S. (2022) A Critical 


Review Of The Application Of Polymer Of Low Concern Regulatory Criteria To fluoropolymers II: Fluoroplastics, and fluoroelastomers, Integrated Environmental Assessment and Management, 19(2), 326. https://doi.org/10.1002/
ieam.4646



https://www.emerson.com/en-us/catalog/automation-solutions/fluid-control-pneumatics/tescom-64-5000?fetchFacets=true#facet:-10028410111599111109

https://www.emerson.com/en-us/catalog/automation-solutions/fluid-control-pneumatics/tescom-64-5000?fetchFacets=true#facet:-10028410111599111109

https://www.emerson.com/en-us/catalog/automation-solutions/fluid-control-pneumatics/tescom-64-5000?fetchFacets=true#facet:-10028410111599111109

https://www.emerson.com/en-us/catalog/automation-solutions/fluid-control-pneumatics/tescom-64-5000?fetchFacets=true#facet:-10028410111599111109

https://www.emerson.com/en-us/catalog/automation-solutions/fluid-control-pneumatics/tescom-acs3200?fetchFacets=true#facet:-10028410111599111109

https://www.emerson.com/en-us/catalog/automation-solutions/fluid-control-pneumatics/tescom-acs3200?fetchFacets=true#facet:-10028410111599111109

https://www.emerson.com/en-us/catalog/automation-solutions/fluid-control-pneumatics/tescom-acs3200?fetchFacets=true#facet:-10028410111599111109

https://www.emersonautomationexperts.com/2022/fluid-control-pneumatics/the-chip-shortage-continues-how-semiconductor-manufacturers-are-responding/#:~:text=Innovations%20in%20Pressure%20Regulators%20Support,and%20yield%20in%20semiconductor%20manufacturing

https://www.emersonautomationexperts.com/2022/fluid-control-pneumatics/the-chip-shortage-continues-how-semiconductor-manufacturers-are-responding/#:~:text=Innovations%20in%20Pressure%20Regulators%20Support,and%20yield%20in%20semiconductor%20manufacturing

https://doi.org/10.1002/ieam.4646

https://doi.org/10.1002/ieam.4646
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