	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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<redacted>
Privacy statement:
because the protection of commercial interests of our company, including intellectual property, would be undermined.
	General Comments:
This is an update of our confidential comment #4197 given on 2023/05/19, published in document "RCOM part 10". There are major updates in nearly all chapters. Now we also provide public information.

For questions 7 and 8 we provide two versions of attachments: The confidential attachments contain the complete information. For differentiation, the confidential parts are marked with yellow background.

Please find our general comment in the public attachment [01_Public_PFAS_Feedback_to_ECHA__Att_General_Comment.pdf].


	
	
	Answer to specific info request 1:
Refering to Table 9 of the Annex XV restriction report our comments apply to "Semiconductors" - Semiconductor manufacturing process including advanced semiconductor packaging see question 7 - Semiconductor products see question 8

	
	
	Answer to specific info request 5:
We give information on that in question 7 and 8.

	
	
	Answer to specific info request 7:
Full version of our input see confidential attachment [01_Confidential_PFAS_Feedback_to_ECHA__Att_Question_7.pdf]. For a version without the confidential parts see public attachment [02_Public_PFAS_Feedback_to_ECHA__Att_Question_7.pdf].

	
	
	Answer to specific info request 8:
Full version of our input see confidential attachment [02_Confidential_PFAS_Feedback_to_ECHA__Att_Question_8.pdf]. For a version without the confidential parts see public attachment [03_Public_PFAS_Feedback_to_ECHA__Att_Question_8.pdf].

	
	
	Answer to specific info request 10:
The ECHA PFAS restriction proposal restricts the use of PFAS given defined threshold limits determined by using commercially available analytical methods. We would like to emphasize that we are not aware of any commercially available methods of analysis that might be used to reliably measure the amount of the more than 10,000 PFAS substances recommended for restriction in articles, products and product components. After reviewing the analytical methods proposed by ECHA in Annex E of the restriction proposal, it is unclear whether adequate "commercially available analytic methods" approved for measuring the concentration of a substance or pollutant are available to determine the amount of PFAS with the very low proposed threshold limit of 25 ppt. It should be emphasized that no suitable test method for determining the content of PFAS in an inhomogeneous product or article has yet been established or developed. As recently as March 2023, the White House National Science and Technology Council released a study on PFAS compounds, acknowledging that only a limited number of methods for detecting PFAS have been developed, with the majority of those focusing on PFAS in various media (National Science and Technology Council, 2023)[1]. There are no methods for detecting PFAS substances in articles, products or product components.  The already available analytical methods include a distinct list of PFAS target analytes with specified chemical structures for which the methods have been validated, which may differ among methods. The quantity of PFAS that can be identified by focused analysis is extremely restricted. Only approximately 1% of the proposed number of PFAS substances being restricted can accurately be determined with the commercially available targeted analysis methods, which are optimized for homogeneous materials and solutions Because there are no approved or commercially available analytical methods for detecting and quantifying PFAS chemicals in articles, products or product components, it is unclear how ECHA expects the semiconductor industry to fully comply with the proposed restriction proposal. Semiconductor product producers are now obliged to rely on their supply chain in the little time they have to gather information and identifying the usage of PFAS chemicals in the semiconductor production process may be inaccurate at best. As a result, we suggest that ECHA endorse a derogation term of at least 13.5 years for the semiconductor sector in order to enable ample time to develop analytical test procedures that are very probably required. Furthermore to circumvent this problem we suggest an higher threshold limit in articles, products and product components aligned with the REACH directive for SVHC (Council, 2007, S. § 20) of 0.1 %. The motivation behind this is that the intentionally added concentration in homogeneous materials is above 0.01% to achieve desired technical properties (Commission, Microplastic Act - amending Annex XVII to Regulation 1907/2006, 2022). In addition, non-intentionally added impurities may have concentrations up to 20% (ECHA, 2017). Lower concentrations are typically observed when PFAS are used as an additive layer to improve surface properties, or as remaining traces of a release agent. In these cases, the substance is used in the production process, which are covered by the regulation itself if not exempted. The extremly low threshold levels proposed in the universal PFAS restriction would hinder if not completly prohibit circular economy, because circular economy builds up on the reuse of also contaminated materials to upcycle these i.e. in recycled plastics. This would lead to an increase of waste (Commission, A new Circular Economy Action Plan for a cleaner and more competitive Europe, 2020) and the need of additional virgin material. The simplified detection due to the higher threshold level of 0.1 % of PFAS in articles would enable the use of the bill of materials or declared substances of a product, leading to a an effective approach and search to implement alternative materials which aim at reducing usage and emissions of PFAS efficiently, rather than being hindered by PFAS traces in products.   Cited Literature: Commission, E. (2020). A new Circular Economy Action Plan for a cleaner and more competitive Europe. COM/2020/98 final. Commission, E. (2022). Microplastic Act - amending Annex XVII to Regulation 1907/2006. Official Journal of the European Union. Council, E. P. (2007). Directive 1907/2006 about REACH. Official Journal of the European Union. ECHA. (2017). Identification and naming of substances. Guidance in a Nutshell, Version 2.0, ECHA-17-G-08-EN, 6. National Science and Technology Council. (2023, March). doi:https://www.whitehouse.gov/wp-content/uploads/2023/03/OSTP-March-2023-PFAS-Report.pdf
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<redacted>
	General Comments:
-

	
	
	Answer to specific info request 1:
Please refer to the attached report

	
	
	Answer to specific info request 2:
Please refer to the attached report

	
	
	Answer to specific info request 3:
Please refer to the attached report

	
	
	Answer to specific info request 5:
Please refer to the attached report

	
	
	Answer to specific info request 6:
Please refer to the attached report

	
	
	Answer to specific info request 7:
Please refer to the attached report

	
	
	Answer to specific info request 8:
Please refer to the attached report
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	General Comments:
-

	
	
	Answer to specific info request 1:
Manufacture; Metal Plating and manufacture of metal products; Transport; Energy Sector; Construction products; Lubricants; and, Petroleum and mining.

	
	
	Answer to specific info request 6:
See attached letter and analysis.

	
	
	Answer to specific info request 7:
See attached letter and analysis.

	
	
	Answer to specific info request 8:
See attached letter and analysis.
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	General Comments:
Hirata Valve Industry Co.,Ltd. supports the statement made by JVMA on the issues of proposed restriction, as per attached in Section IV.
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	General Comments:
KOMEI MFG Co., LTD. supports the statement made by JVMA on the
　　issues of proposed restriction, as per attached in Section IV.



	6404
	Date:
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Content:
Request for exemption

Type:
BehalfOfAnOrganisation
Org. type:
Company
Org. name:
<redacted>
Org. country:
Japan
Company name confidential:
Yes
	General Comments:
Fluorinated Ethylene Propylene (FEP), a fluoropolymer, is used as a Backplate (Electret board) for Electret condenser microphones.
The function that FEP provides for this application is Quasi-permanent electric charge phenomenon (Electrostatic/Electret phenomenon).
FEP is the only material capable of long-term charging and meeting product performance specifications.
Currently, no alternative materials have been found that meet performance specifications in both the basic research and commercial sectors.
We ship approximately 170,000 units per year.
If FEP is prohibited by this regulation, the economic impact on the industries that use it (Recording, Conferencing, Lectures, Broadcasting, etc.) will be immeasurable, as they will no longer be able to supply such products to the market.
For these reasons, we request that this matter be waived for an unlimited time derogation.

	
	
	Answer to specific info request 1:
PFAS main applications and sub-uses in Annex XV report are as follows:  Main applications: Electronics and semiconductors (Annex E.2.11.); and,  Sub-uses: Electronic components

	
	
	Answer to specific info request 2:
The percentages of emissions are as follows:  The use phase 0%; and,  The end-of-life phase 100%

	
	
	Answer to specific info request 5:
This use is not included in the uses and evaluation results considered by the proponent countries and no exemptions are proposed.

	
	
	Answer to specific info request 6:
b. Quasi-permanent electric charge phenomenon (Electrostatic/Electret phenomenon): The use of FEP material in Electret condenser microphones has been in the market for a long time since it was first reported in the 1960s by Gerhard M. Sessler and James E.M. West of Bell Laboratories in the United States. Since then, its use in Electret condenser microphones has had a long history in the market. c. Since Backplates (Electret boards) are always used in Electret condenser microphones, all stakeholders who manufacture and sell them, as well as related companies in the same industry and users of Electret condenser microphones, are affected.  There are approximately 160 companies involved in the production (Processing, Parts purchasing, and Assembly) of our products. d. There is no availability of alternatives for related uses.  In addition, there are no technically and economically feasible alternatives. e. We have considered possible alternatives, but at this time there are no alternatives that satisfy the quality and durability requirements and would require more than 12 years to complete, taking into account the duration of the alternative study. f. iii. Materials other than FEP significantly reduce long-term chargeability, resulting in poor product quality and supply shortages, and poor performance for all parties using Electret condenser microphones. g. If FEP is prohibited by this regulation, the economic impact on the industries that use it (Recording, Conferencing, Lectures, Broadcasting, etc.) will be immeasurable, as they will no longer be able to supply such products to the market.

	
	
	Answer to specific info request 7:
This use is not included in the uses and evaluation results considered by the proponent countries and no exemptions are proposed.   Fluoropolymers such as FEP have been reported to meet the Organisation for Economic Co-operation and Development's (OECD) Polymer of Low Concern (PLC), which determines that these resins are chemically stable, non-toxic, bioavailable, non-water soluble and non-mobile substances with no significant environmental and human health impacts. https://setac.onlinelibrary.wiley.com/doi/full/10.1002/ieam.4035

	
	
	Answer to specific info request 8:
This use is not included in the uses and evaluation results considered by the proponent countries and no exemptions are proposed.
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	General Comments:
We, FUKUI SEISAKUSHO CO.,LTD. support the statement made by JVMA on the issues of proposed restriction, as per attached in Section Ⅳ.
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	General Comments:
HISAKA WORKS,LTD supports the statement made by JVMA on the issues of proposed restriction, as per attached in Section IV.
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Type:
BehalfOfAnOrganisation
Org. type:
Company
Org. name:
ADVANCE ELECTRIC COMPANY INC.
Org. country:
Japan
	General Comments:
ADVANCE ELECTRIC COMPANY　INC.　 designs valves and processes in consideration of the environment.
We are also working on GHG reduction in the Environmental Committee of the Japan Valve Manufacturers Association.
We appreciate that we can make public comments.

We produce valves that are installed in medical devices and medical analyzers.
During the three years of the COVID-19 pandemic, maintenance of valves for medical devices and medical analyzers was not possible.
Fluoropolymers have a high molecular weight and are more reliable than other polymers.
Fluoropolymers may be of over-quality for some applications.
However, they may have saved the device from failure.
We memorized the lifetime of the device. It is very dangerous to betray that expectation by changing materials.
If valves in the medical device sector fall under the restrictions, socio-economic benefits will suffer.
There are potential risks arising from some alternatives. Those risks are expected to be greater than the risks of PFAS persistence.
We demand conditions of restriction” until 13.5years after EiF”for valves in the medical device sector.
The PFAS substances applying for exemption are PTFE, PVDF, CTFE, PFA, ETFE, FKM, FFM and fluorine grease.
Medical devices include multi-use dialysis machines, multi-person dialysate supply machines, dialysis monitoring machines, O157 treatment machines, and ventilators.
Medical devices also include medical analyzers. Medical analysis equipment includes automatic weighing equipment, automatic blood transfusion equipment, blood component separation equipment, microplate cleaning equipment, endoscope cleaning equipment, fully automatic electrophoresis equipment, sterilization evaluation equipment, automatic blood analysis equipment, fecal latent blood measurement equipment, biological This includes chemical analyzers, electrolyte analyzers, reagent supply for these medical devices, and sample supply equipment.

We are waiting for some feedback from RAC.



	6408
	Date:
2023/08/01  03:55
Content:
Other socio economic analysis (SEA) issues

Type:
BehalfOfAnOrganisation
Org. type:
Company
Org. name:
NAKAKITA SEISAKUSHO CO.,LTD.
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	General Comments:
We (NAKAKITA SEISAKUSHO CO., LTD.) supports the statement made by JVMA on the issues of proposed restriction, as per attached in Section IV.
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Japan
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Yes
	General Comments:
・Poly(tetrafluoroethylene) (PTFE), a fluoropolymer, is used in food processing equipment.
・The function that PTFE provides for this application is detachability of food in food processing.
・PTFE has excellent detachable properties in food processing and is the only material that meets the performance specifications of the product.  It is also more hygienic than other materials because its processed surface is smoother and easier to clean.
・The safety of this application has been approved and standardized in major countries.
・Currently, no alternative materials have been found that meet performance specifications in both the basic research and commercial sectors.
・We ship approximately 4,000 units per year.
・If PTFE is prohibited by this regulation, the product cannot be supplied to the market, and the economic impact on the user industries (Hotels, Food service industry, Supermarket retailers, etc.) will be immeasurable.
・For these reasons, we request that this matter be waived for an unlimited time derogation.

	
	
	Answer to specific info request 1:
PFAS main applications and sub-uses in Annex XV report are as follows:  ・Main applications: Food contact materials and packaging (Annex E.2.3.); and, ・Sub-uses: Industrial food and feed production

	
	
	Answer to specific info request 2:
The percentages of emissions are as follows:  ・The use phase 0%; and, ・The end-of-life phase 100%

	
	
	Answer to specific info request 5:
The proposed regulation is greatly lacking in rationale.  Safety standards for this use are clearly defined for food processing applications.  Although the Annex XV report proposes for a 5-year derogation, an unlimited time derogation is considered appropriate.

	
	
	Answer to specific info request 6:
b. Detachability of food in food processing  c. PTFE is used in most of the food processing equipment on the market today and has a long history of market success.  If PTFE were to be regulated, all stakeholders who manufacture and sell food processing equipment, as well as related companies in the same industry and users would be affected.  There are approximately 2,000 companies involved in the production (Processing, Purchasing parts and Assembly) and use of our products. d. There is no availability of alternatives for related uses.  In addition, there are no technically and economically feasible alternatives. e. We have considered possible alternatives, but at this time there are no alternatives that can satisfy the quality, and we will certainly need more than 12 years to take into account the duration of the alternative study. f. iii. Materials other than PTFE significantly reduce detachability of food in food processing, resulting in poor product quality and supply shortages and reduced performance for all parties using food processing equipment. g. If PTFE is prohibited by this regulation, the product cannot be supplied to the market, and the economic impact on the user industries (Hotels, Food service industry, Supermarket retailers, etc.) will be immeasurable.

	
	
	Answer to specific info request 7:
・Fluoropolymers such as PTFE have been reported to meet the Organisation for Economic Co-operation and Development's (OECD) Polymer of Low Concern (PLC), which determines that these resins are chemically stable, non-toxic, bioavailable, non-water soluble and non-mobile substances with no significant environmental and human health impacts. https://setac.onlinelibrary.wiley.com/doi/full/10.1002/ieam.4035 ・Standards for this application have been established in major countries, and its safety for food processing applications has been recognized.  Standards for this application are as follows: ・EU: Plastic Implementation Measure (PIM) Regulation (EC) No.1935/2004 and (EU) No 10/2011; ・U.S.A.: National Sanitation Foundation (NSF) Certification; and, ・Japan: Food Sanitation Act

	
	
	Answer to specific info request 8:
The proposed regulation is greatly lacking in rationale.  Safety standards for this use are clearly defined for food processing applications.  Although the Annex XV report proposes for a 5-year derogation, an unlimited time derogation is considered appropriate.
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Type:
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<redacted>
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Japan
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<redacted>
Privacy statement:
Please treat this as confidential material because it contains our product technical information, PFAS alternative study data, and confidential information regarding our market share.
	General Comments:
PFASs are used in optical filters in electronic devices. Since no alternative technology has been found at this time, a regulatory option with a grace period of 7 years is appropriate.
We support the statement made by FCJ on the issues of proposed  restriction, as per attached in Section IV.

	
	
	Answer to specific info request 1:
Optical filters in electronic devices

	
	
	Answer to specific info request 5:
Attached as confidential material in Section V.

	
	
	Answer to specific info request 6:
Attached as confidential material in Section V.
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Type:
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Company
Org. name:
ADVANCE ELECTRIC COMPANY INC.
Org. country:
Japan
	General Comments:
We appreciate that we can submit comments from the EU beyond.
We manufacture valves installed in semiconductor manufacturing, medical devices, analytical equipment, liquid crystal flat panels, fuel cell manufacturing, LiB manufacturing, and synthetic fuel manufacturing equipment made from Co2. Those valves are not available for purchase by the general consumer. Many of them are restricted for export by governments because fluoropolymer valves are needed for chemical and biological warfare and uranium enrichment.
During Valve's life it is not exposed to the general public. End-of-life valves should be properly disposed of by specialized companies in the EU. We think there are regulations for disposal, because the valves are contaminated with acidic liquid chemicals, alkaline liquids, blood, etc. The spread of PFAS substances could be prevented with additional regulations and incentives.
Valves in the sectors of semiconductor manufacturing, medical devices, analytical equipment, liquid crystal flat panels, fuel cell manufacturing, LiB manufacturing, and equipment for manufacturing synthetic fuels made from Co2 pose a very small residual risk of PFAS substances. We demand conditions of restriction ”until 13.5years after EiF”” for valves for semiconductor manufacturing, liquid crystal panel manufacturing, and solar panel manufacturing. These sectors and their valves have a very important mission for a sustainable society.

We are waiting for some feedback from you.

ADVANCE ELECTRIC COMPANY　INC.　 designs valves and processes in consideration of the environment.  We are working group leader for valve standards of SEMI, an international semiconductor industry association.  We are also working on GHG reduction in the Environmental Committee of the Japan Valve Manufacturers Association.
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	General Comments:
MIYAWAKI INC. supports the statement made by JVMA on the issues of proposed restriction, as per attached in Section IV.
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Type:
BehalfOfAnOrganisation
Org. type:
Company
Org. name:
ADVANCE ELECTRIC COMPANY INC.
Org. country:
Japan
	General Comments:
We appreciate that we can submit comments.
We produce valves that are installed in environmental analyzers and medical analyzers. Under the PFAS restriction proposal, the standard reference for PFAS analysis is a derogation without a time limit.
By the same logic, environmental analyzers and medical analyzers should be derogation without a time limit.

Environmental analysis includes ozone gas concentration measurement equipment, automatic acid rain measurement equipment, automatic ammonia measurement equipment, automatic COD measurement equipment, automatic total phosphorus and total nitrogen measurement equipment, exhaust gas analysis equipment, alkalinity meter, residual chlorine meter, multi-item water quality meter, hydrochloric acid ・Automatic nitric acid analyzer, sample and reagent channel switching for environmental analyzer, channel switching for formulation sampling device, total phosphorus and total nitrogen automatic measuring device, refractometer, selenium monitor by chemical form, fluoride ion monitor, It includes a sulfur dioxide measuring device, an automatic compound sorting device, an airborne particle melting analyzer, and an ammonium fluoride monitor.

Medical analysis equipment includes automatic weighing equipment, automatic blood transfusion equipment, blood component separation equipment, microplate cleaning equipment, endoscope cleaning equipment, fully automatic electrophoresis equipment, sterilization evaluation equipment, automatic blood analysis equipment, fecal latent blood measurement equipment, biological This includes chemical analyzers, electrolyte analyzers, reagent supply for these medical devices, and sample supply equipment.

We would like your feedback on our opinion.
Please tell me which sector of the PFAS restriction proposal the environmental analyzer falls under.
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Type:
BehalfOfAnOrganisation
Org. type:
Company
Org. name:
<redacted>
Org. country:
Japan
Company name confidential:
Yes
	General Comments:
・Fluoroelastomers, a type of fluoropolymer, are used in the industrial cleaning rollers and sheets we sell.
・Our products have a large market share among semiconductor manufacturers that produce semiconductor wafers.  We ship approximately 1,200 units per year.
・The main function that Fluoroelastomers provide for the product application is adhesion.  Fluoroelastomers are more durable (heat resistance, weather resistance, abrasion resistance and chemical resistance) and less polluting than other materials, and have a longer product life.  Fluoroelastomers are the only materials that meet the performance specifications of the product.
・Currently, no alternative materials have been found that meet performance specifications in both the basic research and commercial sectors.
・If Fluoroelastomers are prohibited by this regulation, the products cannot be supplied to the market, and the economic impact on the industries that use them will be immeasurable.
・For these reasons, we request that this matter be waived for an unlimited time derogation.

	
	
	Answer to specific info request 1:
PFAS main applications and sub-uses in Annex XV report are as follows:  Main applications: Electronics and semiconductors (Annex E.2.11.); and, Sub-uses: Electronic components

	
	
	Answer to specific info request 2:
The percentages of emissions are as follows:  ・The manufacture phase 0%; ・The use phase 0%; and, ・The end-of-life phase 100%

	
	
	Answer to specific info request 5:
This use is not included in the uses and evaluation results considered by the proponent countries and no exemptions are proposed.

	
	
	Answer to specific info request 6:
b. Adhesion: Fluoroelastomers are more durable and less contaminating than other materials, making it possible to meet the challenging needs of user industries (e.g., Semiconductor manufacturers producing semiconductor wafers). c. Our Fluoro-elastomer-based products have a large market share in the application industry and have been on the market for a long period of time.  If Fluoroelastomers are prohibited by this regulation, all of our stakeholders who manufacture and sell them, as well as related companies and users in the same industry, will be affected. d. There is no availability of alternatives for related uses.  In addition, there are no technically and economically feasible alternatives. e. We have considered possible alternatives, but at this time there are no alternatives that satisfy the quality and durability requirements and would require more than 12 years to complete, taking into account the duration of the alternative study. f. iii. Materials other than fluoroelastomers not only significantly reduce adhesion, but also have a high risk of contaminating clean objects due to bleeding.  This is expected to result in lower product quality and supply shortages, and lower performance for all parties using the product. g. If Fluoroelastomers are prohibited by this regulation, the products will no longer be supplied to the market, and the social and economic impact on the industries that use them will be immeasurable.

	
	
	Answer to specific info request 7:
・This use is not included in the uses and evaluation results considered by the proponent countries and no exemptions are proposed. ・Fluoropolymers such as Fluoroelastomers have been reported to meet the Organisation for Economic Co-operation and Development's (OECD) Polymer of Low Concern (PLC), which determines that these resins are chemically stable, non-toxic, bioavailable, non-water soluble and non-mobile substances with no significant environmental and human health impacts. https://setac.onlinelibrary.wiley.com/doi/full/10.1002/ieam.4035

	
	
	Answer to specific info request 8:
This use is not included in the uses and evaluation results considered by the proponent countries and no exemptions are proposed.
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	General Comments:
Fushiman Co. supports the statement made by JVMA on the issues of proposed restriction, as per attached in Section IV.
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	General Comments:
NBV supports the statement made by JVMA on the issues of proposed restriction, as per attached in Section IV.
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	General Comments:
Our company supports the statement made by JVMA on the issues of proposed restriction, as per attached in Section IV.
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BehalfOfAnOrganisation
Org. type:
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Org. name:
Japan Valve Manufacturers' Association
Org. country:
Japan
	General Comments:
Japan Valve Manufacturers’ Association (JVMA) appreciates the opportunity to provide comments to the PFAS restriction proposal.

1. Introduction
JVMA was established in 1954 and has been a representative association of Japanese valve industry for nearly seventy years. As of today, we are comprised of 115 major domestic valve manufacturers including several Japanese subsidiaries of European valve makers and additional 68 associate companies. Since our establishment, we have implemented various effective programs to contribute to society, occasionally cooperating with some of Central Government Ministries and Agencies. Especially we are pouring the biggest effort to resolve environmental problems, so the Environmental Committee and four working groups in our organization are working on the following issues:
- Greenhouse gas reduction.
- Design for the environment of valves.
- Life cycle assessment of valves.
- Gathering information on restricted substances.
- Environmental education.
To response to the PFAS restriction proposal, we have prepared a technical and socioeconomic statement which is attached document.

2. Comment
We conducted a survey on industrial fields that use valves made of fluor resin and fluor rubber. We provide Sector and Use information. These valves are used in chemical plants, water supply and drainage, water treatment, gas supply, laundry, boilers, pharmaceutical manufacturing, regenerative medicine, paper manufacturing, iron manufacturing, textiles, electrical equipment, ceramics, polishing, sawing, rare earths, environmental analysis, leisure equipment, and safety. Used in training equipment, cosmetics manufacturing, air conditioning (HVAC), food manufacturing, medical devices, precision instrument manufacturing, semiconductor manufacturing, electronic component manufacturing, transportation, aerospace, energy and petrochemical industries. It is difficult for us to understand Annex XV and to write comments because the sectors described in the proposed regulation are not exhaustive. We request that the valves used in those industrial fields be fully listed in the Use column of the ANNEX XV. Chemical plants include chemical industry, chemical plant facilities, plastic manufacturing, elastomer manufacturing, printing inks, photosensitive materials and fine chemical manufacturing. Water supply and drainage includes water supply facilities, building and residential applications. Water treatment categories include potable water treatment, water treatment, ultrapure water production, medical RO water production, hydrogen functional water production, ozonated water production, carbonated water production, wastewater treatment, and chemical dilution and neutralization.
Gas supply areas include fuel gases, nitrogen for analysis, factory hydrogen facilities, high-purity gases for semiconductor manufacturing, etching gases for glass manufacturing, and material gases for pesticide manufacturing. Boiler includes a piping system for steam-related supply, venting, distribution, etc. Steam may be mixed with other gases. Pharmaceutical manufacturing also includes vaccine manufacturing, the manufacturing of physiological saline solutions, nutritional supplements, and functional beverages. Pharmaceutical manufacturing involves transportation of gases, liquids, and powders. Pharmaceutical manufacturing also includes the manufacturing of physiological saline solutions, nutritional supplements, and functional beverages. Pharmaceutical manufacturing involves transportation of gases, liquids, and powders. Valves for regenerative medicine are used to control cell culture fluids, fluids containing original cells, supernatants, blood and body fluids. In addition, gas such as H2O2 is also flowed through the valve for sterilization.
Paper plants have pipelines for bleach, pH control, whitening chemicals and steam. In the ceramics industry, valves are used to supply glazes. In the field of polishing and grinding, abrasives may contain chemicals. Strong chemicals are also used for slurry removal and surface modification after polishing.
The rare earth industry uses chemicals to extract certain substances from rocks. The rare earth industry also includes chemical recycling. Environmental analysis includes ozone gas concentration measurement equipment, automatic acid rain measurement equipment, automatic ammonia measurement equipment, automatic COD measurement equipment, automatic total phosphorus and total nitrogen measurement equipment, exhaust gas analysis equipment, alkalinity meter, residual chlorine meter, multi-item water quality meter, hydrochloric acid, Automatic nitric acid analyzer, sample and reagent channel switching for environmental analyzer, channel switching for formulation sampling device, total phosphorus and total nitrogen automatic measuring device, refractometer, selenium monitor by chemical form, fluoride ion monitor. It includes a sulfur dioxide measuring device, an automatic compound sorting device, an airborne particle melting analyzer, and an ammonium fluoride monitor.
Precision equipment manufacturing includes ozone gas generator, plating solution manufacturing and analysis equipment, concentration equipment, fully automatic viscosity measurement equipment, and high refractive liquid supply equipment.
Leisure equipment uses valves to control hydraulic and pneumatic equipment and entertainment water.
In the energy field, there are also fields that contribute to GHG reduction, such as the production of synthetic fuels using CO2 as a material, the production of fuel cells, hydrogen supply facility, the production of solar panels, and the production of lithium-ion batteries.
Medical devices include multi-use dialysis machines, multi-person dialysate supply machines, dialysis monitoring machines, O157 treatment machines, and ventilators. Medical devices also include medical analyzers. Medical analysis equipment includes automatic weighing equipment, automatic blood transfusion equipment, blood component separation equipment, microplate cleaning equipment, endoscope cleaning equipment, fully automatic electrophoresis equipment, sterilization evaluation equipment, automatic blood analysis equipment, fecal latent blood measurement equipment, biological this includes chemical analyzers, electrolyte analyzers, reagent supply for these medical devices, and sample supply equipment.
In the semiconductor manufacturing field, valves are divided into those for chemical liquids and those for gases. Liquid chemical valves are used in cleaning process equipment, polishing equipment, wet etching equipment, immersion exposure equipment, jig cleaning equipment, liquid quality analysis equipment, and coater equipment. Gas valves are used in etching equipment, diffusion process equipment, and wafer inspection equipment. Valves are also used as flow controllers. These valves use not only fluor resins and fluor elastomers, but also fluor grease, depending on necessity. As our information indicates, the used section and Use of fluor elastomer valves is broad. Their uses are essential and critical. At a later date, the Japan Valve Manufacturers' Association and valve manufacturers will submit comments on the uses and sub-uses, as well as the technical functions required of the substances. We have not obtained other materials that can replace the multi-functionality of fluoroplastics and fluor rubbers. We may be able to develop alternatives, but we cannot prepare everything in a short period of time. For that reason, we require valves to comply with the conditions of restriction “until 13.5 years after EiF”. It is desirable that the conditions of restriction corresponding to the multiple Uses described in this comment be clarified in the opinion of RAC and SEAC.

We would like your feedback on our opinion and consideration of the conditions of restriction criteria.
Best regards,
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	General Comments:
Japan Valve Manufacturers Association (JVMA) appreciates the opportunity to provide comments to the PFAS restriction proposal.

1. Introduction
JVMA was established in 1954 and has been a representative association of Japanese valve industry for nearly seventy years. As of today, we are comprised of 115 major domestic valve manufacturers including several Japanese subsidiaries of European valve makers and additional 68 associate companies. Since our establishment, we have implemented various effective programs to contribute to society, occasionally cooperating with some of Central Government Ministries and Agencies. Especially we are pouring the biggest effort to resolve environmental problems, so the Environmental Committee and four working groups in our organization are working on the following issues:
- Greenhouse gas reduction.
- Design for the environment of valves.
- Life cycle assessment of valves.
- Gathering information on restricted substances.
- Environmental education.
To response to the PFAS restriction proposal, we have prepared a technical and socioeconomic statement which is attached document.

2. Comment
The origin of valves is thought to be wooden cocks excavated from ancient Egyptian ruins around 1000 years ago. In ancient Roman times, aqueducts were installed and bronze faucets were used. Humans have evolved civilization. The uses of valves, which started with drinking water and beer, have diversified. Valves are required to have sealing performance.  Until the invention of polymers, seals were made from plant-based materials such as rope and various fibers. Rubber was the best material for the seal.
However, along with the deepening of sealing materials, liquids and gases that decompose them have also come to be used in industry. In response, fluoropolymers and fluor elastomers have been used only where necessary. There may be no evidence left behind why the fluor resin material was selected. Factory owners and consumers will not tolerate excessive quality. Fluoropolymers and fluor elastomers have been properly adopted in various sectors over the years. Technically and economically feasible alternatives are not generally available. Loss of functionality of valve sealing could have substantial economic implications, including shorter operational lifetime of infrastructures, increased frequency and costs of maintenance, and increased operational downtimes. Valve seal parts include gaskets, packing, valve seats, linings, bearings, and press-fit seal members.
We require valves to comply with the conditions of restriction “until 13.5 years after EiF”.

We would like your feedback on our opinion.
Best regards,
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	General Comments:
Nippon Ball Valve  is suppoorts the statement made by JVMA on the issues of  proposed restriction,as per attached in SectionⅣ
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General Comment
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Overall perspective

This comment relates to products and processes that fall under the responsibility of the
semiconductor division of a European company.

First, we would like to clarify that we fully agree with the intention to reduce PFAS in our
environment as much as possible, considering the risks per PFAS subgroup.

The proposed PFAS restrictions would have a major impact on our semiconductor business.
The proposed restrictions affect a large number of our core manufacturing processes and
products, particularly in the area of MEMS (Micro-Electro-Mechanical Systems). In addition,
in many cases, the proposed restrictions will prohibit the production of the products in
Europe. Not only would several specific wafer fab sites in Europe be affected but also a
number of customer plants in Europe, even though in many cases the final products
themselves do not contain PFAS at all.

Regarding the current usage of PFAS in our own semiconductor products, such as pressure or
inertial sensors (e.g., adhesives, anti-adhesive coatings, and protective gels), if available at
all, alternative materials will most certainly significantly reduce the performance of our
products in the respective applications. As a result, the restrictions will cause an additional
burden on OEM customers, forcing them to undertake significant redesign and
requalification efforts of their system products in cars, smartphones, etc. or, even worse,
shifting their supplier strategy to non-EU-producing companies. Also, technological progress
in the respective areas will be considerably delayed. It is even highly likely that the
continuous resource-saving shrinking of semiconductor products over the last decades will
be reversed and bigger sizes will have to compensate the weaker performance of non-PFAS
materials.
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PFAS substances have unmatched chemical and thermal properties. Their mechanical
stability, together with these properties, results in unique, durable, and long-lasting
performance in applications, contributing to product life extension and enabling the
development of innovative semiconductor-based technologies.

In some cases, replacement materials can be identified and used. We are currently
establishing a comprehensive replacement strategy for these cases.

However, for many MEMS specific products, alternative materials simply cannot replace
PFAS because they frequently fail to fulfill the critical performance characteristics of PFAS
substances and lack the properties required for electronic and semiconductor applications,
such as high chemical and thermal resistance. One important example are pressure sensors
used in harsh environments (high temperature and aggressive media) which are currently
protected from the environment by PFAS-based gels; all currently known replacement
materials do not have a sufficient ability to withstand the stress in the applications.
Acceleration sensors use PFAS based internal coatings to significantly improve the reliability
and quality performance in the field.

Here, the only viable solution is a derogation for these specific PFAS materials (which are
mainly fluoropolymers and hence "polymers of low concern" according to the OECD), since
products produced with alternatives having lower durability and reliability would not only
result in bigger sizes but also higher maintenance and replacement frequency and eventually
increased e-waste.

PFAS are currently indispensable and cannot be replaced in the short term or at all without
significant performance degradation. The restriction of PFAS without derogations and
exemptions would be a disaster for the semiconductor industry in Europe. There are clear
conflicts with two overarching goals of the European Union: Digitalization and the Green
Transition.

The Chips Act intends to increase semiconductor production from 7% to a share of 20% of
the worldwide production by 2030, which amounts to a factor 5 increase given the global
growth. By providing considerable investment in the semiconductor field, our company is
determined to significantly contribute.

The green transition requires a sophisticated systematic approach to energy production,
distribution, storage, and use. Our company will contribute by electronics, components, and
systems for green. The transition will only work with a massive deployment of state-of-the-
art electronics, which should also be highly trustworthy to prevent acts of sabotage and
hacking. So, all this can only happen with semiconductors/MEMS made in Europe.

We noticed that the information on semiconductor/MEMS products such as pressure or
inertial sensors in semiconductor packages are very limited in the restriction proposal
documents. We give details on those in response to question 8, proposing a derogation. In
our answer to question 7 we provide detailed information supporting a derogation for the
semiconductor manufacturing process.

In addition to the direct use of PFAS in products, there are numerous uses of PFAS in
semiconductor manufacturing equipment and processes. Examples are photoresists, linings
of tubes and etching gases. To ensure the continued existence of the semiconductor industry
in Europe, a derogation is also required for these materials.
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In summary: To avoid a supply crisis bigger than the recent semiconductor shortage, long
lasting derogations for the complete semiconductor/MEMS supply chain upstream and
downstream are vital (finding and qualifying alternatives takes 10+ years, see e.g. chapter
3.2 in document "Impact of a Potential PFAS Restriction on the Semiconductor Sector.pdf"
from comment #4304 by SEMI association (RCOM part 13)). Special attention has to be put
on the upstream supply chain. Derogations have to explicitly cover production of the
necessary raw materials, may they remain in the product or may they be production aids.

Alternative proposal for definition of PFAS

Exclusion of isolated CF2-Moiety

There is no single globally adopted definition of per- and polyfluoroalkyl substances (PFAS)
for human health or environmental regulation. The latest OECD Perfluorocarbon (PFC) Group
(OECD, Reconciling Terminology of the Universe of Per- and Polyfluoroalkyl Substances:
Recommendations and Practical Guidance, 2021) definition, which has also been adopted by
the EU within its REACH restriction proposals (ECHA, 2022), defines PFAS as: fluorinated
substances that contain at least one fully fluorinated methyl or methylene carbon atom
(without any hydrogen, chlorine, bromine or iodine atom attached to it), i.e., with a few
noted exceptions, any chemical with at least a perfluorinated methyl group (-CF3) or a
perfluorinated methylene group (—CF2-) is a PFAS. Following the RMOA, which has adopted
a narrower working definition of PFAS, removing the criterion that a single isolated
methylene group (—CF2-) as being sufficient for classification as a PFAS.

The rationale for this is that compounds with a single isolated -CF2- group are generally
understood not to degrade to any of the highly persistent substances that have given rise to
the environmental and/or human health concerns about PFAS (Buck, Korzeniowski, Laganis,
& Adamsky, 2021). Substances containing a single isolated —CF2— are likely to be subject to
biodegradation

leading to breaking of the carbon—fluorine bonds and elimination of the fluorine atoms. For
example, the fluorotelomer alcohols which possess a —CF2— group adjacent to a —CH2—
group, have been shown to be readily degraded, breaking both —CF2— carbon- fluorine
bonds (Buck, Korzeniowski, Laganis, & Adamsky, 2021). These highly persistent PFAS of
concern are often referred to as the ‘arrowhead’ substances; the term is applied to a PFAS
that represents the most stable transformation product of a precursor PFAS in the
environment. In some cases, the arrowhead may be both a manufactured substance with its
own commercial applications and a stable transformation product from one or more
precursors (an example is perfluorooctanoic acid, PFOA). The working definition adopted is,
therefore, a pragmatic approach to restricting the scope of REACH to persistent PFAS.
(adapted from (Health and Safty Executive UK, 2023)).

Exclusion of polymeric PFAS

Polymeric PFAS may be persistent in environment, but according to (Anderson, et al., 2022)
this is not a risk for human health. (1) there is not a clear understanding of which PFAS may
be relevant for potential human health risk assessment and no consensus definition of what
is or not a substance within the PFAS family; (2) there is sparse information on PFAS toxicity
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and human exposure that precludes an chemical-specific evaluation of the vast majority of
PFAS; (3) most human exposures will be to an unknown mixture of PFAS; and (4) results of
toxicity tests often lack concordance among assays in animals and observations in humans,
and extrapolation from animal data to human relevance (for example, due to species-specific
pharmacokinetics and pharmacodynamics and/or mechanisms of action) is highly uncertain.
Furthermore the OECD has declarated flouropolymers as substances of low concern (SLC)
(OECD, DATA ANALYSIS OF THE IDENTIFICATION OF CORRELATIONS BETWEEN POLYMER
CHARACTERISTICS AND POTENTIAL FOR HEALTHOR ECOTOXICOLOGICAL CONCERN, 2009).

Exclusion of CF3-Moietys not bonded to carbon

The Dossier submitters have excluded the CF3-Moiety bound to Oxygen, since this will
degrade in environment to inorganic compounds (CO2 and HF). Following these and having
in mind the binding energy of the CO-binding compared with other non-carbon atomes, it is
visual that other chemical structure will finally hydrolysed to resulting in a C-O bond in
environment, which will then decompose according to the findings of the dossier submitters.

Binding energy in carbon chemistry?

Atomar connection Energy

C-F Binding: CF-R1-R2-R3 | 463 kJ/mol
C-F Binding: CF2-R1-R2 503 kJ/mol
C-F Binding: CF3-R1 537 kJ/mol
C-F Binding: CF4 549 kJ/mol
C-0 Binding 358 kJ/mol
C-Si Binding 316 kJ/mol
C-N Binding 305 kJ/mol
C-S Binding 272 kJ/mol
C-P Binding 264 kJ/mol

Resulting new PFAS-Definition
Following the said above we propose the PFAS definition, adapted from the EPA
(Environmental Protection Agency, 2021):

PFAS is a non-polymeric chemical substance or mixture with a Chemical
Abstracts Service number (CAS Nr.)?, that structurally contains the unit R-
(CF2)-C(F)(R’)R”. Both the CF2 and CF moieties are saturated carbons but
none of the R groups (R, R’ or R”) can be hydrogen.

Taking this definition, we propose that a polymer shall be defined according to the OECD
definition “as a substance consisting of molecules characterized by the sequence of one or
more types of monomer units and comprising a simple weight majority of molecules
containing at least three monomer units which are covalently bound to at least one other
monomer unit or other reactant and consists of less than a simple weight majority of
molecules of the same molecular weight. Such molecules must be distributed over a range of

L https://www?2.chemistry.msu.edu/faculty/reusch/OrgPage/bndenrgy.htm
2 EPA maintains a webpage of chemicals that have been identified as PFAS (available at:
https://comptox.epa.gov/dashboard/chemical-lists/pfasmaster)
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molecular weights wherein differences in the molecular weight are primarily attributable to
differences in the number of monomer units. In the context of this definition a 'MONOMER
UNIT' means the reacted form of a monomer in a polymer.”
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Question 7: Potential derogations marked for reconsideration —
Analysis of alternatives and socio-economic analysis

e The confidential attachment
[01_Confidential PFAS_Feedback_to ECHA__Att Question_7] contains the full text
including the confidential parts. This file is contained in the zip-file which we upload
as confidential attachment.

Executive summary

A) Potential derogation proposed in Annex XV report

Paragraph 5 of the proposed restriction entry text includes "ee.[the semiconductor
manufacturing process until 13.5 year after EiF]" as a potential derogation for
reconsideration after the consultation.

We strongly appeal to keep the above derogation for at least 13.5 years after EiF and for the
sake of clarity to add the equipment used for semiconductor manufacturing, so a derogation
could therefore be:

By way of derogation, paragraphs 1 and 2 shall not apply to:
e The semiconductor manufacturing process and equipment used to produce
semiconductors until 13.5 year after EiF. This derogation shall be reviewed and
assessed by the commission no later than 13.5 years after EiF.

B) Additional derogation proposed by comment submitter

To avoid discussions about what is part of "the semiconductor manufacturing process" and
considering the scientific evaluation of fluoropolymers (evidence see chapter 2.1h below) we
propose an additional derogation:

By way of derogation, paragraphs 1 and 2 shall not apply to:
e Fluoropolymers and articles containing fluoropolymers

We provide the following input (the sub-chapters are referenced with the letters a) to g)
used in the description of question 6):
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0) Definition of Terms

We produce semiconductor/MEMS-based sensors (e.g., pressure and inertial sensors), ASICs
and Power-Devices in semiconductor packages, which are typically assembled on Printed
Circuit Boards (PCBs) for electronic circuits (e.g., Electronic Control Units for vehicles, or in
consumer applications like smart watches or wearables), as well as Power-Semiconductor
Modules which are directly assembled on a cooling unit for applications mainly focusing on
the electrification of vehicles. Definition of terms:
e The "Semiconductor Manufacturing Process" is a manufacturing process producing,
processing, or using wafers or chips which are based on a semiconductor material.
e "Advanced Semiconductor Packaging" is a "Semiconductor Manufacturing Process"
(as it uses semiconductor wafers/chips; consistently it's also listed under the heading
"Semiconductor Manufacturing" in Annex A, table A.49)
The "Semiconductor Manufacturing Process" does not include any substance remaining in
the article/product (e.g., etch gases or photo resists leave no traces in the article/product).
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1) Semiconductor Fab

1.0) Introduction

We would like to emphasize the importance of taking the consultation comments #4304 by
SEMI (RCOM part 13), #4449 by ESIA (RCOM part 18) and #4543 by JEITA et al. (RCOM part
21) into consideration when deciding on a derogation for the Semiconductor Manufacturing
Process. In addition, the papers published by SIA PFAS Consortium under
https://www.semiconductors.org/pfas/ explain the background of the Semiconductor
Manufacturing Process well. Because of this, we don't explain the context of each sub
chapter in full, but rather focus on specific inputs which our company can contribute.

For more global background information, the document "Impact of a Potential PFAS
Restriction on the Semiconductor Sector.pdf" from SEMI comment #4304 (RCOM part 13) is
particularly recommended.

1.1) Specific information per use

1.1.1) Deep Reactive lon Etching (DRIE)

Deep Reactive lon Etching of Silicon (DRIE) with vertical sidewalls (German Patent, US Patent
Patentnr. DE-4241045, #5,501,893, 1992), is the standard semiconductor process used to
produce structures in semiconductor MEMS (Micro-Electro-Mechanical Systems). MEMS
production is based on Si wafer as a base material. For surface micromachining of MEMS
sensors, a stratification of semiconductor, metal and dielectric layers get deposited and
etched on the Si substrate, to produce a 3-dimensional MEMS element.

For some other applications in bulk micromachining, the bulk Si itself gets etched e.g., to
produce a Si membrane for a MEMS pressure sensor. To etch Si as the functional material of
a MEMS element, the MEMS industry uses the key DRIE trench process plasma etch
technology.

1.1.1a.) Annual tonnage, emissions, and type of PFAS

Besides the SF¢ etch gas, the important process gas for Si DRIE trench etching is CsFs.

The DRIE trench etch process alternates periodically and rapidly between SFs etch and C4Fs
passivation with typically 1-10 sec cycle times.

C4Fs with its highly efficient passivation behavior for the sidewall protection, avoids an
isotropic lateral etch attack by fluorine radicals of vertical trenches in Si.

Besides these gases, CF4 plasma with its low passivation behavior is used as a pre-trench etch
step for native cxide removal in order to avoid an undefined start of the subsequent trench
in Si. An undefined trench start would cause inertial sensor stiction risks and therefore a
complete failure under critical working conditions in the field.

As semiconductor MEMS are produced with semiconductor processes in semiconductor fabs,
DRIE is considered a semiconductor manufacturing process. As those are marked as a
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potential derogation for reconsideration after the consultation, we provide our input here
related to question 7.

Information on tonnage and emissions is given in the overarching chapter 1.2a for the two
gases used by our complany for this process: CF, and C4Fs.

1.1.1b.) Key functionalities provided by PFAS for the relevant use

DRIE trench etching of Si with vertical sidewalls is a key enabling process in MEMS
technology (Laermer & Urban, Challenges, developments and applications of silicon deep
reactive ion etching, 2003). A 3-dimensional trench with vertical sidewalls in Si is crucial e.g.,
for the large market of in-plane capacitively detecting inertial MEMS sensors via comb
structures, where the capacitance change and therefore the sensitivity increases with the
aspect ratio between the combs.

Teflon-like passivation

Passivation rem
by vertical ion inc

Isotropic
etch step

Figure 1.1.1b_1 Working principle of the "DRIE”" with subsequent C4Fs passivation and SFs
etch steps with substrate biasing during an intermediate etch cycle to remove the passivation
at the bottom of the trench by a vertical ion incidence.
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Trenches with vertical sidewalls are also crucial for membrane type MEMS elements or
through-the-wafer etches to achieve a high density of MEMS sensors and an efficient
performance ratio on the wafer. Alternative methods such as wet-etching processes with
KOH do not provide a crystal-orientated independent etching process, but instead provide
55° etch slopes to the 100-crystal plane, requiring significantly more silicon area (Laermer &
Urban, 2019).

Without the highly efficient passivation behavior of C4Fs by providing a Teflon-like polymer
deposition on the wafer, it wouldn’t be possible to etch trenches in Si with vertical sidewalls
at this high mask selectivity, where a simple resist mask can be used even for through-the-
wafer etches (Chang, Leussink, Jensen, Hiibner, & Jansen, 2017).

Therefore, and with its broad global use, C4Fs can be referred to as the key enabler for DRIE
trench etching of Si (Chang, Leussink, Jensen, Hiibner, & Jansen, 2017).

1.1.1d.) Alternatives

Alternative CF, gases like CF4, CHF3, C;H,F,, C3Fs have been evaluated with respect to DRIE
trench etch passivation suitability in the past (Rhee, et al., 2008) (Rhee, et al., 2009), (Jansen,
Boer, Unnikrishnan, Louwerse, & Elwenspoek, 2009).

Nonetheless, C4Fs with its strongly deformed ring molecule provided the highest passivation
efficiency so far (Rhee, et al., 2008) (Rhee, et al., 2009) (Jansen, Boer, Unnikrishnan,
Louwerse, & Elwenspoek, 2009).

The more efficient the passivation, meaning the lower time required in the deposition step
of a process cycle for getting a dense passivation layer on the Si sidewalls, the faster the
switching is possible between etch and passivation and the shorter the passivation steps can
be chosen. Consequently, the production of wafers per hour increases with passivation
efficiency under production conditions.

Besides development efforts for a replacement of CsFs under DRIE trench process conditions,
alternative non-trench-process DRIE etch processes could be enforced like e.g.:

e Plasma processes with SF¢/O, in a mixture, possibly adding HBr, Cly, SiFs, where the
anisotropy of the Si trench is achieved by the formation of SiO; as a Si sidewall
protection (Jansen, et al., 2010).

e Cryogenic SFs plasma etching, where the anisotropy of a trench in Si is achieved by
“freezing” the sidewall reaction below -120°C, in order to go below the activation
energy necessary for the chemical reaction between Si and fluorine radicals Si + 4 F*
-> SiF4 (Jansen, Boer, Unnikrishnan, Louwerse, & Elwenspoek, 2009), (Walker, 2001).

None of these processes have shown wide industrial implementation compared to the DRIE
process with CsFs, due to the above mentioned reasons. In summary, there are two main and
major advantages of the DRIE process we use compared to these alternative non-Trench-
Process DRIE etch processes:

(i) the relatively large process window with respect to micro-masking, which
enables high aspect ratio trenches and through-the-wafer etches, and
(ii) the high mask selectivity compared to other plasma etch processes.

This is due to the technique of alternating etch and deposition steps, where the passivation
protects not only the Si sidewalls, but also the mask. This enables high aspect ratio trenches
and through-the-wafer etches even with cheap resist masks under production conditions.
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Besides this strong economic efficiency, resist masks also provide a performance factor
especially for inertial sensor trenches, as feature accuracy and Critical Dimension loss
variation across the wafer multiply through lithography and hard mask etch.

1.1.1e.) Status of R&D processes for finding suitable alternatives

Common for the non-Trench-Process DRIE etch processes is the relatively small process
window between the regimes of micro-masking either due to an insufficient oxide removal
at the bottom of the trench or due to “condensation” effects of the reaction by-products
under cryo-conditions. Also common are difficulties with resist masks, where the resist mask
selectivity would be low under mixed gas process conditions, together with a high risk of
resist mask embrittlement under cryo-conditions (Jansen, et al., 2010) (Walker, 2001).

Alternative non-PFAS passivation gases for DRIE trench etching have been tested in the past,
resulting in the finding that C4Fs with its strongly deformed ring molecule provided the
highest passivation efficiency so far (Rhee, et al., 2008) (Rhee, et al., 2009) (Jansen, Boer,
Unnikrishnan, Louwerse, & Elwenspoek, 2009).

Additionally, compared to the very high mask selectivity of the trench process, where even
through-the-wafer etches can be realized with resist mask, these alternative non-Trench-
Process DRIE processes would require hard masks especially for deep trenches, resulting in
an increase of production costs for MEMS devices (Jansen, et al., 2010) (Walker, 2001).

1.1.1f.) Substitution timeline (technically and economically feasible)

Searching for alternative non-PFAS passivation gases for DRIE trench etching is expected to
require an extensive evaluation program, if successful. After that a process adjustment and
re-qualification for each MEMS sensor design (!) would be necessary. Because of the massive
interaction of physical effects in MEMS sensor products this would even expand to re-
gualifications on sensor product level where even a 13.5 year derogation could not be
enough time to do so.

1.1.2) Deposition of Anti-adhesive coatings (reference to question 8)

Detailed information on the use of anti-adhesive coatings is given in detail in question 8, as
part of it remains in the semiconductor MEMS and this ‘part’ is not covered by "the
semiconductor manufacturing process".

As MEMS are produced with semiconductor processes in semiconductor fabs, the deposition
of anti-adhesive coatings too is a semiconductor manufacturing process. As the
semiconductor manufacturing process is mentioned for a potential derogation for
reconsideration after the consultation, we also briefly mention the deposition of anti-
adhesive coatings here in question 7 for completeness.

1.1.3) Plasma-enhanced chemical vapor deposition (PECVD)
Plasma-enhanced chemical vapor deposition (PECVD) is a chemical vapor deposition process

used to deposit thin films from a gas state (vapor) to a semiconductor wafer. The chemical
reactions involved in the process occur after creation of a plasma of the reacting gases. The
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PECVD is often used to deposit films onto wafers containing metal layers or other
temperature-sensitive structures. Beside the deposition of thin films, plasma etching
processes are often also used on semiconductor equipment.

1.1.3a.) Annual tonnage, emissions, and type of PFAS

CsFsgis used in the PECVD process to remove silicon-oxide residuals from the chamber-walls
(Kim, Oh, Lee, & Yeom, 2003). To etch SpinOnGlass- and Silicon Oxide-layers on these PECVD-
tools,a mixture of CF; and CHFs is used.

Information on tonnage and emissions is given in the overarching chapter 1.2a for the PFAS
gases used by our company for this process: CsFs and CF,.

1.1.3b.) Key functionalities provided by PFAS for the relevant use

The regular cleaning of the chamber is important to maintain the performance of the PECVD
- equipment. The CsFs is used to generate F-radicals in a plasma which subsequently will
remove residues on chamber walls. In more modern PECVD tools, cleaning using NFs is the
standard as the generation of F-radicals works more efficiently.

In the planarization process, the ratio of CHF; to CF,4 is important to adjust selectivity at the
etching step. These compounds are known to have a slightly different selectivity (Zhang &
Watson, 2019).

1.1.3d.) Alternatives

For chamber cleaning with CsFs, the use of NFs is an available alternative. The disadvantage
of NF3 is that this compound is also a greenhouse gas, with a global warming potential
(GWP) 16100 times greater than that of CO; when compared over a 100-year period. The
GWP of CsFg is calculated at 8900 (Myhre, et al., 2013).

The etching of silicon oxide films using F,/Ar with a remote plasma (Kang, et al., 2007), the
remote plasma etching of silicon nitride and silicon dioxide using NFs/O, gas mixtures
(Kastenmeier, Matsuo, Oehrlein, & Langan, 1998) and the cyclic etching of silicon oxide using
NF3/H2 remote plasma and NHs gas flow (Gill, et al., 2021) are examples of alternatives which
are being studied.

The mixture of CF, and CHFs is part of a very sensitive process of etching. For this process, it
is currently not possible to determine when (and if at all) a non-PFAS alternative can fulfil the
use-specific performance requirements of etching chemicals.

1.1.3e.) Status of R&D processes for finding suitable alternatives

Regarding the CsFs the alternatively used NF; is already common and feasible. Still the
conversion will result in notable increase in the production costs.

page 8/25







PUBLIC comments for Annex XV restriction report PFAS, 31 July 2023

CF4/CHFs-Mixture:

Many studies have been conducted, but it is still not clear if non-PFAS alternatives will ever
be available (Kastenmeier, Matsuo, Oehrlein, & Langan, 1998).

However, it should be possible to reduce the share of PFAS (especially CF4) emitted to the
environment by an optimized post-treatment of the exhaust gases (Krug, et al., 2022)
(Fthenakis, 2001).

1.1.3f.) Substitution timeline (technically and economically feasible)

The switch from the chamber clean with CsFs to the usage of NF; would take approximately
3-5 years, as the process requires a modification in the construction of the tool.

Searching for alternative non-PFAS etch gases to CF, and CHF; is expected to require an
evaluation program for a period of at least 5 years.

1.1.4) Photolithography

The lithography process creates a photoresist mask defining the microchip’s structures on
the silicon wafer. It consists of the three sub-processes: (i) coating with photoresist,

(ii) exposure of the resist under a chrome mask, (iii) developing. A photoresist has several
specific parameters such as viscosity and photo speed which depend on the photoresist’s
ingredients. Photoacid generators (PAG) are needed in the lithography process to generate
fine structures. The result of the lithography process is a resist mask with lines and spaces
and their critical dimension (CD). To achieve the required CD at a high quality, it is substantial
that the image can be transferred into the resist correctly. The fundamentals of optics need
to be taken into account. To enable patterning of fine structures below 250 nanometers
chemically amplified resists (CAR) are necessary. The chemical amplification, i.e., generating
super-acidity, is mostly enabled by PFAS. This allows for an exposure process at a lower dose,
enabling a better resolution of narrow structures.

PFAS are not used as a main process component in lithography but are essential additives to
the photochemicals. Hence, PFAS occur as traces or residues in the lithography process.
However, the PFAS additives play a substantial role for the lithography process.

The scaling criteria of step and repeat lithography are given by the Rayleigh equation,
predicting the smallest optically definable image

R—k)l—k A
~ "NA  nsin6

where

A is the source wave length

n the medium refractive index

nsin 8 the numerical aperture (NA) with the incidence angle (6)
k is a process dependent parameter
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The smallest optically definable image — the optical resolution — is given by the fundamentals
of optics. However, the photoresists characteristics, i.e., its ability to replicate the mask
features is of critical importance (Knight, et al., 2010). In addition, the line-width variations
(LWR) and line-edge roughness (LER) may impact device performance. Hence, the
photoresist material’s chemistry plays an important role. The transfer of the image of the
mask onto the wafer surface is the most critical step of the semiconductor manufacturing
process. If the image is not transferred correctly into the resist, no subsequent chemical or
physical process can correct it (PFAS-Consortium of the Semiconductor Industry Association
(SIA), 2023).

1.1.4a.) Annual tonnage, emissions, and type of PFAS

Many thousand liters of photoresist are processed in our company. PFAS may be used as
additives to photoresist chemicals in lithography, underlying the intellectual property (IP) of
the chemical supplier. The typical amount of PFAS in a resist is in the range of 0.01%.

An extract of typical photoresists and their PFAS content as well as liters used and the small
PFAS portion of it can be found in the confidential attachment
[01_Confidential_PFAS_Feedback_to_ECHA__Att_Question_7].

Depending on the chips design, one part of the resist is solved in the developer and the other
part remains on the wafer for patterning. After the lithography process, the resist mask is
removed by plasma ashing.

The after treatment of PFAS resulting from lithography is threefold:

a) photoresist and thinner, which are not photo-processed
b) developer solution with resist residues
c) the resist mask after the patterning

a) The photoresist mixed with thinner is collected as organic waste solvent and then treated
in a distillation process by a certified external specialist company.

b) There are residues of photoresist solved in the developer solution. This wastewater is
neutralized and then fed into the municipal wastewater. An estimate of the extremly low
concentrion of PFAS can be found in the confidential attachment
[01_Confidential_PFAS_Feedback_to_ECHA__Att_Question_7].

c) The resist mask after the patterning is plasma-ashed with oxygen plasma at high
temperatures which leads to a destruction of the PFAS. >99.9% of PFAS in the plasma-ashing

process is not released to the environment.

The total PFAS emission of the lithography process can be found in the confidential
attachment [01_Confidential_PFAS_Feedback_to_ECHA__Att_Question_7].
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1.1.4b.) Key functionalities provided by PFAS for the relevant use

It is generally known that PFAS may be used as additives to optimize the lithography
chemicals characteristics subject to the intellectual property (IP) of the photochemical
supplier. PFAS are a substantial component of several resists, especially PAG.

Besides, there are process steps to treat the surface of the wafer, to improve the resist’s
adhesion and anti-reflective coatings to further enhance the exposure process (PFAS-
Consortium of the Semiconductor Industry Association (SIA), 2023).

Today, the usage of chemically amplified (CA) photoresist is a standard in lithography to
meet the process requirements. The CA-resists (CAR) allow for a process featuring low
exposure doses to achieve the requested critical dimension (CD) and uniformity of the resist
lines. CAR is a mixture of acid-sensitive polymers and photoacid generators. Base quenchers
are added to limit the reaction and diffusion of the photoacid-catalyst into the unexposed
regions in the photoresist film (Gaines, 2022) (Knight, et al., 2010).

In many applications fluorinated polyimides are applied on integrated circuits as an insulator
and a buffer coater in the packaging. Important characteristics of the fluorinated polyimides
coatings are moisture resistance, thermal stability, low dielectric constant and strong
mechanical properties (high Youngs modulus, good fracture toughness).

Hence, PFAS play an important role in improving the polyimides’ features (Ober, Kafer, &
Deng, 2022).

1.1.4d.) Alternatives

PFAS are used as various additives in photochemicals. Research is focusing on finding
alternatives. However, while certain PFAS-free material alternatives may be probable after
more than 25 years of development, PFAS-free materials have not been proved to be viable
or effective for the vast majority of photolithography applications. In specific cases like the
PAGs, PFAS are required to enable super-acidity to achieve the required resolution of the
pattern. A PFAS-free alternative has not been proven effective so far (PFAS-Consortium of
the Semiconductor Industry Association (SIA), 2023) (Ober, Kafer, & Deng, 2022) (Knight, et
al., 2010).

1.1.4e.) Status of R&D processes for finding suitable alternatives

PFAS are used as an additive to photo chemicals. These are the foundations of the IP of the
photochemical suppliers. Research aims at finding alternatives to PFAS (PFAS-Consortium of
the Semiconductor Industry Association (SIA), 2023). However, without the catalysts
provided by PFAS, super-acidity may not be achievable. This is a subject of experimental
studies. According to Ober et. al several alternatives to PFAS containing chemicals in
lithography are under investigation (Ober, Kafer, & Deng, 2022) (Knight, et al., 2010)
Alternatives to current PAGs other than iodonium and sulfonium units as well as those that
do not contain traditional PFAS have been studied. For the use in a CAR photoresist, the
resulting acid must be as acidic as a perfluorosulfonic acid on the one hand. On the other
hand, it needs to lack volatility so that it does not evaporate during the Post Exposure Bake
(PEB), i.e. the bake step after the exposure and in the next generation photoresists possess
minimum diffusivity (to enable high-resolution pattern formation) (Ober, Kafer, & Deng,
2022).
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Recent patents have appeared that describe a number of related chemical structures, the
goal of which is intended to deliver strong PAG performance and minimize the size of the
fluorinated unit in the fluorosulfonic acid or eliminate it entirely. These new chemical
structures will have to be assessed in terms of their viability as alternative PAGs as well as
their performance characteristics (sensitivity, acid strength, and diffusivity) and
environmental characteristics (fluorine content, degradation products, and toxicity) (Ober,
Kafer, & Deng, 2022).

1.1.4f.) Substitution timeline (technically and economically feasible)

Qualifying new materials within the semiconductor manufacturing process is very complex.
Today’s semiconductor manufacturing processes consist of several mask layers comprising
several hundred process steps. This leads to very complex systems with a multitude of
sub-systems. A particular chemistry is designed to interact with other chemistries at each
step of the semiconductor manufacturing process.

For numerous applications, PFAS-free alternatives would need complete reinvention.
Academic research, material supplier research and development (validation), and scale-up
are all part of the process of developing and implementing alternatives, which is then
followed by device manufacturer efforts toward demonstration (verification), integration
and implementation, and scale-up to high volume mass production.

For a PAG component change, multivariable evaluations on both the chemical supplier
(verification) and semiconductor device manufacturer (validation) sides are required to
prove that the change will not detrimentally impact the photoresist product. As a result,
each product being replaced requires extensive research and development to confirm that
critical functional requirements are acceptable.

Although each PFAS use presents distinct challenges and development timelines, most
lithographic applications are likely to take 15 to more than 20 years to develop and approve
a PFAS-free alternative, with the exception of PAGs, which are expected to take more than
25 years.

Needless to say, potential alternatives must be evaluated on a case-by-case basis, taking into
account both technological (as mentioned above) and economic factors. To replace all PFOS
and PFOA materials for example, an estimation of cost of these qualifications of an average
of $60 million USD per semiconductor device manufacturer was calculated (PFAS-Consortium
of the Semiconductor Industry Association (SIA), 2023) (Ober, Kéfer, & Deng, 2022).

1.1.5) Oxide etch

The Plasma etching of silicon oxide layers is an important process in MEMS and the
semiconductor industry.

The process-relevant, specific fluorine-containing gases are ionized in the plasma, with which
the silicon oxide layer is then etched.
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1.1.5a.) Annual tonnage, emissions, and type of PFAS

CF, (tetrafluoromethane) needed for silicon oxide etch, CsFs (octafluorocyclopentene), CsFs
(octafluorocyclobutane) and mixtures thereof are needed for oxide etching with finer
structures and/or smoother sidewall formation.

The different polymerization behaviors of the gases are essential.

Information on tonnage and emissions is given in the overarching chapter 1.2a for PFAS
gases used by our company for this process: CFs4, CsFs, and CsFs.

1.1.5b.) Key functionalities provided by PFAS for the relevant use

The etching of SiO,-layers happens in the fabrication of MEMS and semiconductor devices at
many different stages during their path of production, each with specific requirements. In
general, the PFAS act as F-radical source where CF, and CsFsare considered less toxic than
NF3 and therefore easier to handle.
PFAS type CxFy etch gases enable the formation of gaseous SiF4 from silicon and gaseous CO;
from oxygen. Variable mixtures of the mentioned etch gases allow to:
a) tune required selectivity and to adjust etch profiles in anisotropic etch processes
(etch rate in z-direction vs. x-/y-direction)
b) tune etch depth uniformity between areas with high and low feature density of an
integrated circuit product
c) protect sensitive structures e.g., conducting paths

1.1.5d.) Alternatives

The usage of CH4/SFs plasma (Man, Bao, Hao, Feng, & Ma, 2020), remote plasma etching of
silicon nitride and silicon dioxide using NF3/O> gas mixtures (Kastenmeier, Matsuo, Oehrlein,
& Langan, 1998) and cyclic etching of silicon oxide using NFs/H, remote plasma and NHs gas
flow (Gill, et al., 2021) are examples of investigations alternatives to the above-mentioned
oxide etch gases. It must be noted, however, that one of the experiments has been carried
out without coating (Kastenmeier, Matsuo, Oehrlein, & Langan, 1998) or only for isotropic
etching (Gill, et al., 2021).

With the information currently available on alternatives, our company can assume that
remote plasma alternatives are possibly only suitable for isotopic etching. The anisotropic
component is, however, absolutely necessary for the structuring of semiconductors. Remote
plasmas are not suitable for anistotropic etching as they will not result in the same quality of
etching.

Based on our experience, using a plasma of PFAS gas(es) or a gas mixture containing PFAS
gas(es), the appropriate combination of anisotropic/isotropic etching and protective layer
formation can be obtained. These etching processes are critical steps in the manufacturing of
semiconductor devices.
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The alternatively used etch gases SFs and NF3 are also critical in respect to their potential as
greenhouse gas. At some stages in the process flow they are already in use but at many
others they cannot be used as the requirements of the specific stage do not allow for the use
of greenhouse gases. The use of these alternatives can therefore be considered a regrettable
substitution.

1.1.5e.) Status of R&D processes for finding suitable alternatives

The C«Fy compounds in use are thus far irreplaceable at least in the short and medium term.
The literature mentioned above shows that there are approaches for the upcoming
challenges in finding suitable alternatives but nothing that has the necessary maturity for
industrial use yet.

However, current investigations aim at reducing the share of PFAS (especially CF4) emitted to
the environment by an optimized post-treatment of the exhaust gases (Krug, et al., 2022)
(Fthenakis, 2001) .

1.1.5f.) Substitution timeline (technically and economically feasible)

Searching for alternative non-PFAS etch gases as alternative for CF4, CsFg and C4Fs is
expected to require an evaluation program for a period of at least 5 years. The timeline
expected to find suitable alternatives for oxide etching and to implement each solution is
expected in our point of view to be at least 15 years. The identification and requalification of
affected manufacturing processes is likely to take longer than the 13.5 years proposed
derogation period for semiconductor manufacturing processes.

1.1.6) Chillers for etch tools
1.1.6a.) Annual tonnage, emissions and type of PFAS

Exact temperature control is needed for etching processes (see chapter 1.1.1 and 1.1.5) to
achieve the necessary precision of the etching process at low temperature. PFAS-containing
Galden (Perfluoropolyether), Novec (Hydrofluoroethers) and Opteon (Hydrofluoroalkenes)
are thus used in chillers for etch tools.

Information on used quantities and emissions can be found in the confidential attachment
[01_Confidential PFAS_Feedback to ECHA _Att Question_7].

1.1.6b.) Key functionalities provided by PFAS for the relevant use

Reactive ion etch (RIE) (chapter 1.1.1 and 1.1.5) plasma processes need a tight control of
temperature in the process chamber within maximal a 0.2K range. This is realized by
balancing of electrical heating and cooling in the chiller sub tools of the etch equipment.
PFAS type cooling liquids with varying molecular weights (polymeric chain length) can be
tailored for these applications. The exact control of the temperature range can be achieved
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by using different chain lengths of the polymer, meaning a different type of Galden is needed
for different temperature ranges.
The most positive properties of mentioned PFAS liquids are:
e being not corrosive against the chiller hardware that results in low maintenance
costs
e having a low dielectric constant material where the cooling liquid is stable against
arcing and reflected power in RF plasma environment (low polarity liquid insulator)
e having low viscosity for energy saving operation
e resulting in decreased process aborts due to less reflected power faults
e resulting in process stability of the etch process due to exact temperature control
e resulting in increased uptime of the etching tool.

1.1.6d.) Alternatives

Possible alternative is the use of glycol / water mixtures (which is used in PECVD processes)
but these mixtures have some serious disadvantages for etch processes e.g.:
e Possible corrosion of the chilling system due to the aggressiveness of DI-water
e Unstable etching plasma due to reflected power faults caused by the high polarity of
the glycol/water mixture and corrosion of the chilling system. This causes a higher
conductance of the mixture
e Increased amounts of process aborts followed by wafer scrap
e Worse temperature control during process compared to PFAS (no stable etch
temperature possible therefore no controlled trench process for MEMS and other
semiconductors with fine structures possible)
e Glycol/water chiller are mainly compressor chillers which are using greenhouse
gases

Due to these disadvantages mentioned above, a PFAS like Galden instead of glycol/water
mixtures were used as chillers for etch tools for the past decades.

1.1.6e.) Status of R&D processes for finding suitable alternatives

Hydrofluoroethers (HFE) and hydrofluoroolefines (HFO) e.g. Opteon, are alternatives to
purely carbon-fluorine PFAS. Nonetheless, HFE and HFO are PFAS substances and therefore
are subject to the restriction proposal.

In addition, there are already chillers on the market that use carbon dioxide as a refrigerant.
However, on the equipment side, this is a different circuit designed for a cooling liquid with
specific properties, not for carbondioxide gas.

Further alternatives could be silicone oil and mineral oil but both alternatives are highly
flammable. Additionally the use of silicone oil is prohibited in semiconductor manufacturing
due to lithography-related issues, e.g. loss of photo resist adhesion.

1.1.6f.) Substitution timeline (technically and economically feasible)

Finding alternatives for Galden is possible but the research must be coordinated between
chiller and etch tool manufacturer. This is necessary to ensure the communication between
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the two components. The qualification of all products on the chiller/tool pair is absolutely
necessary.

Information on possible timelines and costs can be found in the confidential attachment
[01_Confidential PFAS_Feedback to ECHA _Att Question_7].

1.1.7) Various materials in the semiconductor manufacturing process, including O-rings,
seals and chemical and ultrapure water distribution systems

1.1.7a.) Annual tonnage, emissions, and type of PFAS

Fluorinated polymers from the PFAS group are frequently used in the facilities of a
semiconductor production fab, in addition to their use as process chemicals, e.g., for storage
tanks and chemical distribution systems. Typical polymers are PTFE (polytetrafluorethylene),
PFA (perfluoro alkoxy polymer), PVDF (polyvinylidene fluoride) in high purity grade. They are
applied to ultrapure water (UPW) and semiconductor grade chemicals with high purity with
respect to trace metals, anions and organic contaminants.

Fab installation also includes O-rings and seals made from perfluorpolyethers (PFPE),PTFE,
and perfluoroelastomers (FFKM) as well as chemical resistant grease to ensure vacuum
tightness of tube connections of process chambers and in chemical distribution and UPW
systems.

A further significant application of fluorinated polymers are wafer carriers used in wet
chemical processing at room and elevated temperatures, respectively. By default, the
respective tool suppliers release the material of the wafer carriers for the various process
chemical mixtures. Practically, PFA, PVDF or PTFE are the materials of choice. These
materials are used in hydrofluoric acid (HF)-containing batch and single wafer clean tools as
well as process baths in electro and electroless metal plating applications.

The fluorinated polymer-based chemical distribution systems are installed during fab
construction and remain unchanged during the life time of the fab. Emissions from polymer
materials are not expected, according to our knowledge, to occur.

To reduce the tonnage of PFAS type polymers, in many cases fluoropolymers are only used
as inner liner material which is in contact with ultrapure water or electronic grade chemicals.
The majority of the related installations (e.g., tanks) can be made of cheaper polymers or
stainless steel as long as they do not come into contact with ultrapure liquids.

The amount of fluoropolymers in our semiconductor wafer fab can be found in the
confidential attachment [01_Confidential_PFAS_Feedback_to_ECHA__Att_Question_7].
O-rings and seals are normally only exchanged in maintenance situations and disposed via
controlled ways so as to mitigate environmental contamination.

Wafer carriers for wet chemical processing belong to the tool configuration and are normally
not exchanged.

1.1.7b.) Key functionalities provided by PFAS for the relevant use

These materials are resistant against aggressive chemicals (acids, bases) and solvents and
can be applied at room and elevated temperature, respectively. Their very smooth surface
enables them to be used for thorough surface cleaning from trace metals. This is a
prerequisite for handling semiconductor grade chemicals and ultrapure water.
Manufacturers of these chemicals are using the same materials. To ensure a closed
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cleanliness chain from chemical production to usage in wafer fabs, PFAS-based
fluoropolymers must be used in wafer fabs as well.

O-rings of fluoropolymers are free of additives and ensure cleanliness in flange connections
of chemical and UPW distribution systems.

The chemical and thermal resistivity of the mentioned fluoropolymers is even more
important for wet chemical processing as mixtures of chemicals can generate increased
potential for chemical degradation compared to their separated components (e.g. hydrogen
peroxide and sulfuric acid vs. the mixture of both forming a piranha solution or etching,
commonly known as carioc acid ).

1.1.7d.) Alternatives

SEMI (Semiconductor Equipment and Materials International) standard FO57 does not
recommend special polymer materials to be used in wafer fabs. So far, only the PFAS
materials described provide heat and chemical resistance against semiconductor grade
chemicals and ultrapure water.

When polymeric material is required for wafer handling, there are currently no known
alternatives.

Quartz or fudes silica may be utilized as a wafer carrier in a chemical bath for wet chemical
processing if the process chemistry permits it (acidic chemical mixtures without hydrofluoric
acid, solvents).

1.1.7e.) Status of R&D processes for finding suitable alternatives

Using PFAS-based polymer materials is the outcome of long-term materials testing for
semiconductor fab installation for chemicals and UPW. There are currently no known
alternatives to PFAS-containing O-rings, seals and chemical and ultrapure water distribution
systems which are used in the semiconductor manufacturing process.

1.1.7f.) Substitution timeline (technically and economically feasible)

A timeline to exchange installations of currently running wafer fabs cannot be proposed as
this would require a fab shutdown and complete reconstruction.

Alternative materials for chemical and UPW distribution systems could be used, if available,
only in newly planned semiconductor wafers fabs.

1.2) Overarching information

1.2a) Annual tonnage, emissions, and type of PFAS

None of the below listed PFAS remain in an article, but are rather pure process gases. All
equipment is installed in conjunction with exhaust gas scrubbers working at >900°C. So
typically, >99% (DRE, destruction removal efficiency) of

(i) PFAS process gases, their
(ii) crack products formed in the plasma, and the
(iii) volatile plasma etch reaction by-products in the exhaust of a plasma reactor

don’t enter the atmosphere. Instead, they get precipitated and trapped in a liquid phase in
the exhaust scrubber systems which then is disposed of.

page 17/25







PUBLIC comments for Annex XV restriction report PFAS, 31 July 2023

Values of annual usage and emissions can be found in the confidential attachment
[01_Confidential PFAS_ Feedback to ECHA _Att Question_7].

1.2c) The number of companies affected

The whole industry with semiconductor and MEMS production facilities in Europe and
equipment suppliers are affected. Non-European production facilities are not affected. This
universal PFAS restriction proposal therefore poses an enormous competitive disadvantage
for semiconductor manufacturers, like our company, based in regions where the PFAS
restriction proposal falls compared to their non-affected competitors.

1.2g) Socio-economic impacts

Life cannot possibly be imagined without MEMS devices, as they penetrated our everyday
life in 10T, medical, automotive and consumer applications. Due to semiconductor-based
MEMS production technology, MEMS devices and sensors can be produced at low cost for
the mass market compared to former precision mechanical elements.

On the one hand, MEMS sensors are vastly used in consumer electronics e.g., environmental
sensing, motion sensing, micro speakers, altitude measurement for indoor navigation, image
stabilization, image rotation and many more applications in consumer electronics mobile
devices like fitness trackers or smartphones.

On the other hand, MEMS sensors are used by all modern automotive OEMs (original
equipment manufacturers) in several automotive applications e.g., acceleration sensors for
Airbag systems or inertial sensors for Electronic Stability Programs (ESP) in vehicles.

Taking this very broad use in account and when looking at the chapters "Alternatives" for the
different uses above, one can clearly conclude that without a long and reasonable
derogation time for the semiconductor manufacturing process there would be extremely
detrimental socio-economic consequences on the semiconductor industry. Simply put, it
would mean an even more severe drop in the worldwide production of smartphones,
wearables, and cars than seen in the last years by the semiconductor supply crisis.

If one only looks on the above-mentioned process chemicals, which don't remain in the
product, MEMS production could move outside Europe and this would lead to a significant
loss of jobs, competitiveness and competence, destroying one of the few sectors in
semiconductor industry in which European companies hold a leading position worldwide.
(Yole Group, 2021)

Concerning the various fab equipment outlined in chapter 1.1.7: If PFAS-based
fluoropolymer materials would be restricted within the EU in the near future, no new
semiconductor wafer fabs could be constructed with the corresponding impact on the EU
chips act. Doubling the semiconductor market share of the EU by 2030 would be impossible.
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2) Advanced Semiconductor Packaging

2.1) Sintering of semiconductor chips to a heatsink

Semiconductor Power Modules are produced with semiconductor processes, using
semiconductor materials. The following is related to the manufacturing process of Power-
Semiconductor Modules — the sintering of a semiconductor chip to a heatsink —and is
therefore covered by the definition of "Advanced Semiconductor Packaging". One PFAS plays
a crucial role in this process.

It is currently not possible to demonstrate that a non-PFAS alternative can meet the
application-specific performance requirements for the kinds of applications described below.

In this case, it may be necessary to discover novel chemicals and/or different ways to create
Semiconductor Power Modules that provide the required performance. Invention is a never-
ending process with no set deadline or guarantee of success. It is therefore necessary to (i)
outline our specific applications that rely on PFAS materials for specific performance
requirements, and (ii) highlight the need of exemptions or at least derogations for our
specific uses of PFAS materials in Semiconductor Power Modules.

Within the electrified powertrain of battery electric vehicle (BEV) or plug-in hybrid electric
vehicle (PHEV), the so-called power module switches the DC current from the battery to
generate the AC current for the electrified motor. With every switching step, heat is
generated within the power module. For this reason, the power modules need an active
cooling — a connection to the cooling water circulation within the BEV or PHEV.

The base of the Power-Semiconductor module is a substrate — typically with high thermal-
conductive ceramic materials, on which a semiconductor chip (e.g., Si-IGBT, or SiC-MOSFET)
is applied. To enable high power over a long lifetime — a key for high-efficient power
electronic applications -, the connection between substrate and semiconductor must provide
high thermal and electrical conductivity. An effective material in use here is silver. A simple
sketch of a power module is shown in Figure 2.1_1.

Semiconductor

Ag-Sinterlayer

‘High Power Substrate, e.g. CufCeramic/Cu-System

Figure 2.1_1: Simple sketch of a power module which might be used in an
electromobility application.

The Power-Semiconductors can be considered as the heart of the inverter. To enable an as
low as possible low resistance electrical connection, the semiconductor components are
nowadays assembled by an Ag sintering process:

On the substrate, a sinter material, containing mostly of Ag particles in um- or sub-um-size,
and the electrical component is applied. By applying pressure — up to 40 MPa and
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Temperature — about 250 — 300°C, depending on the paste system, the sinter material is
highly compressed, and a compact Ag material with a porosity of below 10% Vol.% is
achieved. A major advantage of the sinter-process is that the silver-based properties such as
thermal conductivity are also realized without melting. The sintering temperatures of

< 300°C are therefore far below the melting point of silver, which is around 962 °C. This
manufacturing process therefor allows to build high performance (thermal conductivity)
interconnections without the high stress of a melting related connection or without
exceeding limit temperatures of sensitive semiconductor components.

As described in figure 2.1_2 below it is not possible to perform the sintering without an
additional layer between the semiconductor chip and the sinter tool I.

Sinterequipment with Reel-to-Reel-Concept

30 am PTFE Fodl

Sinter Tool I
Préssurs
Temperature

Simtertool 2: Temperatune

Figure 2.1_2: Sketch of a Sinter Equipment with PTFE-Reel-to-Reel-handling.

Solid film PTFE (typically 50 um Foil) is used during sintering process with high pressure (~10
— 40 MPa) and high temperature (~250 — 300°C) as separator between semiconductor (Si,
SiC, GaN, metal parts) and sinter tool (steel).

Functions of the separator foil:
e mechanical protection of semiconductor during process
e protection of semiconductor against contamination and particles from sinter tool
e no release of particles from the separator foil
e homogenization of pressure: compensation of topology (roughness)
(gate runner/signal contacts, source pad)
e resistance/stability at process conditions (~ 280°C, 10 — 40 MPa, < 300 s)
e high releasability from semiconductor surfaces:
e no sticking
e no peeling of semiconductor structures (as isolator material, pad metallization)

An example picture of a Semiconductor Power Module can be found in the confidential
attachment [01_Confidential_PFAS_Feedback_to_ECHA__Att_Question_7].
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2.1a.) Annual tonnage, emissions, and type of PFAS

This information can be found in the confidential attachment
[01_Confidential PFAS_Feedback_to ECHA__Att Question_7].

2.1b.) Key functionalities provided by PFAS for the relevant use

PTFE as thin film (50 um), used as separator within the sintering process provides the
following key functionalities:
e mechanical protection of semiconductor
e protection of semiconductor against contamination and particles
e homogenization of pressure: compensation of topology
(gate runner/signal contacts, source pad)
e resistance/stability at process conditions (~ 280°C, 10 — 40 MPa, < 300 s)
e high releasability from semiconductor surfaces:
0 no sticking
o no peeling of semiconductor structures (as isolator material, pad
metallization)

2.1c.) The number of companies affected

Our company has no information about this. All manufacturers of Power-Semiconductor
Modules which are using this sintering process are affected.

2.1d.) Alternatives

Based on current research, discussion within the power electronics community, and
feedback from material and equipment suppliers, no alternatives are available and
foreseeable.

For PTFE during the sintering process no alternatives are available, based on the following
information:
public founded project ProPower (2015)
tests within the development of a former Power-Semiconductor-Module
(2018)
o discussion with equipment and material suppliers (2023).

Polymers with high temperature robustness as thermoplastic polyimide (Pl) or
polyetheretherketone (PEEK) do not offer all relevant and required parameters:
o mechanical homogeneity at high temperatures is not given
— PEEK/PI do not creep to homogenize
0 interaction with semiconductor surface critical (Pl sticks to component)
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For this reason, it is not possible to provide a reliable timeline for a possible new PFAS-free
alternative for this specific manufacturing process.

2.1e.) Status of R&D processes for finding suitable alternatives

Typical timeline for the implementation of a new technology and process, new equipment in
case alternatives would be available are:

e 3-5years of research/predevelopment to identify alternatives and assess risks and
interactions within electronic environment with special requirements because of
high voltage applications

e 3-5years for process development, new equipment set-up and release

e additional confirmation and qualification at customer to be clarified, if necessary,
additional 2-3 years at the OEM (original equipment manufacturer).

Based on this theoretical estimation a timeline is between 8 and 13 years. The base
requirement for this described timeline is a positive scouting of potential alternatives.

As mentioned above, PFAS-free alternatives for the manufacturing of Power-Semiconductor
Modules are currently not available and not foreseeable in the near future.

2.1f.) Substitution timeline (technically and economically feasible)

For this reason, it is not possible to provide a reliable timeline for a possible new PFAS-free
alternative for this specific manufacturing process.

2.1g.) Socio-economic impacts

This information can be found in the confidential attachment
[01_Confidential PFAS_Feedback_to ECHA__Att_Question_7].

2.1h.) On fluoropolymers, proposed additional derogation

Above we described the use of PTFE, which is a fluoropolymer. Fluoropolymers meet the
criteria of the OECD as a polymer of low concern (OECD, 2009):

e stable (“do not degrade in the environment”)

e large (“cannot enter human cells or trigger events within cells”)

e non-toxic (“safe to use from an environmental and human perspective”)

e non-bio accumulative (“cannot accumulate in the body”)

e low molecular weight (MW) leachable

e fulfilling limitations of reactive functional groups

The fluoropolymer materials show no environmental critical behavior beside the main
property of “persistence” (Henry, Carlin, Hammerschmidt, Buck, & Buxton, 2018). For this
reason, we propose a wide and timely unlimited derogation for fluoropolymers as stated in
the executive summary:

page 22/25







PUBLIC comments for Annex XV restriction report PFAS, 31 July 2023

By way of derogation, paragraphs 1 and 2 shall not apply to:
e Fluoropolymers (according to the definition of fluoropolymers of the OECD (OECD,
2021)) and articles containing fluoropolymers

If this is considered to be not adequate, because it's too broad or general we would suggest
to rephrase our above proposal to this:

By way of derogation, paragraphs 1 and 2 shall not apply to:
e Fluoropolymers for sintering of semiconductor chips to a heatsink
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Question 8:
Other identified uses —
Analysis of alternatives and socio-economic analysis

e Confidential attachments are referenced by file name in square brackets. These files
are contained in the zip-file which we upload as confidential attachment.

Executive summary

We would like to provide input on the use of PFAS

e in our semiconductor/MEMS-based sensors in semiconductor packages (e.g.,
pressure and inertial sensors; semiconductor packages are produced by Advanced
Semiconductor Packaging, the term used in Annex A, table A.49).
Hint: In the next step of added value these sensors delivered by us will typically be
assembled on Printed Circuit Boards (PCBs) for electronic circuits (e.g., ectronic
Control Units for vehicles, or in consumer applications like smart watches or
wearables).

e as process medium for vapor phase soldering of Power-Semiconductor modules used
in inverters for battery electric vehicles (BEV) or plug-in hybrid electric vehicles
(PHEV)

We strongly appeal to add the following derogation to the proposed directive:

By way of derogation, paragraphs 1 and 2 shall not apply to:

A.) Adhesives, gels, membranes and coatings used in semiconductor/MEMS-based
sensors in semiconductor packages (including raw materials to produce these
products)

B.) Vapor phase soldering of Power-Semiconductor modules to coolers

We provide the following input (the sub-chapters are referenced with the letters a) to g)
used in the description of question 6):
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0) Introduction and details on proposed derogations

0.1) Definition of Terms

We produce semiconductor/MEMS-based sensors (e.g., pressure and inertial sensors), ASICs
and Power-Devices in semiconductor packages, which are typically assembled on Printed
Circuit Boards (PCBs) for electronic circuits (e.g., Electronic Control Units for vehicles, or in
consumer applications like smart watches or wearables), as well as Power-Semiconductor
Modules which are directly assembled on a cooling unit for applications mainly focusing on
the electrification of vehicles. Concerning the terms of Annex A, table A.49:

"Semiconductor Components" include Chips manufactured by "Semiconductor
Manufacturing Processes". ASIC-, MEMS- and Power-Semiconductor-Chips are
covered by this definition.

"Semiconductor Products" include semiconductor/MEMS-based sensors, ASICs and
Power-Semiconductor Devices in semiconductor packages e.g., pressure and inertial
sensors and all materials contained in them. Example pictures can be found in the
confidential attachment
[02_Confidential PFAS_Feedback to ECHA__Att Question_8].

"Semiconductors" is an abbreviation for "Semiconductor Products and Components"

In our industry also the term "semiconductor device" is frequently used, this is a synonym for
"semiconductor products" in the sense above.

0.2) Related input by industry associations

PFAS-affected semiconductor devices are also listed in

comment #4449 by the European Semiconductor Industry Association ESIA (RCOM
part 18), file "Updated Annex A Table A.49.pdf".

the white paper "PFAS-Containing Materials Used in Semiconductor Manufacturing
Assembly Test Packaging and Substrate Processes" published by the Semiconductor
Industry Association SIA under https://www.semiconductors.org/pfas/

0.3) Details on proposed derogations

We strongly appeal to add the following derogation in the proposed directive:

By way of derogation, paragraphs 1 and 2 shall not apply to:
A.) Adhesives, gels, membranes and coatings used in semiconductor/MEMS-based

sensors in semiconductor packages (including raw materials to produce these
products)

B.) Vapor phase soldering of Power-Semiconductor modules to coolers
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For clarification of A.) here is a breakdown:

Al.) Passivation gels for media and corrosion robustness in semiconductor/MEMS-based
pressure and inertial sensors in semiconductor packages

A2.) Membranes for media robustness in semiconductor/MEMS-based pressure sensors in
semiconductor packages

A3.) Adhesives for media robustness or mechanical stress decoupling in
semiconductor/MEMS-based pressure, acceleration and inertial sensors in
semiconductor packages

A4.) Anti-adhesive coatings for semiconductor microelectromechanical systems (MEMS,
micromachines), including raw materials for the synthesis of the coating precursors

As pointed out in the ECHA webinar on 2023-04-05 such type of derogations generally would
also include the whole supply chain down to the raw materials to be able to produce the
products. We strongly recommend that this should be explicitly stated in a derogation to
avoid legal uncertainties.

0.4) Structure of this document

Chapter

Content of chapter

Input for topics
defined in
chapter 0.3

1.1

Introduces different MEMS-based pressure sensor package
concepts and describes the use of PFAS-based passivation
gels in these housings that are widely used in automotive and
consumer electronics applications. In addition, the chapter
describes the use of PFAS-based passivation gels in
automotive inertial sensors.

Al

1.2

Explains the use of PFAS-based pressure-transmitting
membranes and PFAS-based sealing adhesives that are both
used in a specific realization of MEMS pressure sensors with
an ultra-low g sensitivity that targets smartphones and
wearables.

A2,A3

1.3

Details the use of PFAS-based adhesives in MEMS differential
pressure sensors that are used in automotive tank pressure
sensing applications.

A3

1.4

Discusses the use of PFAS-filled adhesives in MEMS
acceleration and inertial sensors used for automotive
applications.

A3

15

Describes the crucial role PFAS-based anti-adhesion coatings
play for enabling highly sensitive and robust acceleration, yaw
rate and inertial MEMS sensors.

A4

2.1

Explains a PFAS process medium essentially needed for vapor
phase soldering of Power-Semiconductor modules to coolers
of inverters
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1.) Semiconductor/MEMS-based pressure and inertial sensors in
semiconductor packages

1.0) Introduction

Microelectromechanical systems (MEMS) are produced with semiconductor processes, using
semiconductor materials. A wide range of different MEMS based sensors are available for
measuring a multitude of different environmental properties, such as acceleration, yaw rate,
or pressure (inertial sensors combine acceleration and yaw rate MEMS). In the construction
of these sensors, PFAS play a crucial role in some different functional elements.

It is currently not possible to demonstrate that a non-PFAS alternative can meet the
application-specific performance requirements for the kind of MEMS-based sensors and
applications described below. In such cases, it may be necessary to discover novel chemicals
and/or different ways to create sensors that provide the required performance. Invention is
a never-ending process with no set deadline or guarantee of success. It is therefore
necessary to (i) outline our specific applications that rely on PFAS materials for specific
performance requirements, and (ii) highlight the need of derogations for our specific uses of
PFAS materials in MEMS based sensors.

1.1.) Passivation gels in semiconductor/MEMS-based sensors in semiconductor
packages

Media-robust MEMS pressure sensor package approaches and material requirements

For pressure sensing, the semiconductor device needs a connection to the outer world,
which provides sufficient pressure transmission from the application environment to the
MEMS sensing element. The simplest solution is adding an opening in the package of the
semiconductor sensor that provides pressure equilibrium between the environment and the
package interior. Using this approach is only possible in extremely clean environments, free
of dust and chemicals, and with low ambient humidity levels, due to the delicate assembly of
the pressure sensor.

Pressure sensors in most applications, however, are in close contact to harmful chemicals,
dirt, liquids, and dust contained within the application environment (automotive sensors are
operated in corrosive environments, e.g., within combustion gases; consumer electronics
sensors in wearables and smartphones are exposed to aggressive every-day media such as
salt water and sweat or aggressive household cleaning agents). Therefore, pressure sensor
packages need a sealing that protects the sensitive semiconductor chips and their electrical
interconnects from these harmful media while transmitting the pressure from the
application environment to the MEMS sensing element.

Both for automotive and consumer electronics applications, sensor package miniaturization
is a key system requirement that enables integration in systems with restricted space
(notably highly integrated smartphones and wearables). At the same time, package
miniaturization and the associated reduced raw material consumption is beneficial for the
environment and reduces the manufacturing cost, enabling both important safety and
comfort applications that are nowadays indispensable in our life.

The industry has developed multiple solutions to fulfill these requirements. These different

embodiments of MEMS pressure sensor packages are schematically shown in
[PS_confidential_B02023a] and described below:
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Open cavity sensor package without media robustness

In [PS_confidential_B02023a] (a), a MEMS pressure sensor housing without media
protection is described:

(a)

MEMS

ASIC

The MEMS and ASIC (application-specific integrated circuit) chips are assembled on a carrier
substrate. The chips are electrically connected to each other and to the substrate by bond
wires. For mechanical protection of the sensitive chips and bond wires, the substrate is
encased by a metal lid. To facilitate pressure access from the external environment to the
MEMS chip, one or multiple holes are manufactured in this metal lid. In this approach, liquid
and condensing humidity, corrosive media, chemical solvents, and other harmful substances
that are present in the application environment can reach the chips as well as the substrate
and the electrical interconnections between these elements. During the product's lifetime,
these agents can lead to electrical shorts, electro-corrosion, and other material defects
which lead to a sensor device failure.

Open cavity sensor package with passivation gel

A package approach that provides high media robustness while maintaining a small sensor
housing size is shown in [PS_confidential B02023a] (b):

(b)

substrate

Here, the chip stack is enclosed by a cylindrical metal or plastic lid. The lid is then filled by a
passivation gel that completely encapsulates the chips and bond wires. The gel transfers the
environmental pressure to the MEMS membrane while protecting the chips and substate
against chemical agents that are present in the application environment.

page 7/33







PUBLIC comments for Annex XV restriction report PFAS, 31 July 2023

Mold-premold package with passivation gel

A related approach that is widely used in automotive applications is shown in
[PS_confidential_B02023a] (d):

(d)

ASIC /\

substrate

Here the ASIC is assembled on a substrate and encapsulated by epoxy mold compound. The
mold compound housing is structured to provide a cavity in which the MEMS is attached.
The electrical connection between the MEMS and ASIC chips is again realized by bond wires
and electrical routing in the substrate.

The ASIC is protected against harmful media from the application environment by the mold
encasing. It is not possible to protect the MEMS chip in the same way because it needs direct
pressure access to the environment. Therefore, the exposed MEMS chip, bond wires, and the
exposed substrate area are protected from the application environment by a gel
encapsulation.

For this approach, a suitable gel must fulfill multiple requirements:
i Before curing, the gel must possess suitable rheological properties to enable void-
free encasing of the chips in an industrial process that is reproducible and stable.

ii. The gel must possess a very low hardness (low Youngs modulus) that is stable and
soft over the full operation temperature range (-40 to +150°C for automotive
applications (Automotive Electronics Council, 2014). The hardness must be
measurable with corn (% corn) penetration according JIS K2220 with 30-80 mm/10.
This low hardness is required to avoid transfer of mechanical stress to the MEMS
chip that leads to sensor signal drift.

iii.  The gel must have suitable chemical robustness to prevent degradation over the full
product lifetime by thermal and chemical loads present in the application
environment.

iv. The gel must possess sufficient low permeation to prevent diffusion of corrosive ions
withing the gel, thereby protecting the MEMS and ASIC chips and the wire bond
connections from corrosion and device failure during the product lifetime.

The approach [PS_confidential_B02023a] (c) can be found in the confidential attachment
[02_Confidential PFAS_Feedback to ECHA _Att Question_8].
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Oil buffer package

An approach for a media-robust pressure sensor that makes use of a hermetically sealed
housing is shown in [PS_confidential_B02023a] (e):

substrate

Here, again the chip stack is encased by a cylindrical metal housing. In contrast to the other
approaches [PS_confidential_B02023a] (a)-(d), the package interior is completely sealed
towards the application environment by a very thin metal membrane that is welded or
crimped to the metal housing. Transfer of the pressure from the environment via this metal
membrane to the MEMS chip is facilitated by completely filling the sensor housing with a
suitable incompressible liquid, e.g., a mineral oil.

While providing unrivalled media robustness, two severe drawbacks are associated with this
package concept in comparison with the other approaches:

i. To achieve sufficient mechanical robustness of the steel membrane, a certain
minimum membrane thickness must be maintained. This makes the membrane
mechanically stiff and reduces the sensitivity of the sensor. This is partially
counteracted by introducing an undulation of the membrane to reduce its stiffness
and by increasing the membrane diameter to reduce its bending rigidity, resulting in
a corresponding increase of the sensor size.

ii.  Thermal expansion of the oil inside the sensor package leads to thermomechanical
stress on the MEMS membrane and a strong, nonlinear drift of the sensor signal over
the operation temperature range.

Due to these limitations, such oil buffer packages are limited to applications with low
pressure accuracy requirements that can incorporate the comparatively large sensor housing
dimensions.

1.1a.) Annual tonnage, emissions, and type of PFAS

Type of PFAS

In automotive and consumer electronics MEMS pressure sensors, as well as in automotive
inertial sensors, PFAS-based gels are quintessential passivation materials that provide the
media robustness of the sensor devices required by customers and qualification standards.
These media robustness requirements account for environmental aspects in the application
that need to be withstand over the full product lifetime (e.g., exposure to vehicle exhaust
gases, corrosive media, fuel vapor).
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The used PFAS can be found in the confidential attachment
[02_Confidential PFAS_Feedback to ECHA Att Question_8].

These gels are not considered process chemicals but remain in the sensors at the mg level.
The sensors will be recycled with the vehicle according to European laws (European
Parliament and Council, 2000).

We note that all of these gels are polymeric PFAS. They are not declared as hazardous
material according to the hazardous substances ordinance (GefStoffV) according to their
material safety datasheets (MSDS).

Information on emissions can be found in the confidential attachment
[02_Confidential PFAS_Feedback to ECHA _Att Question_8].

Besides pressure sensors with gel encapsulations, we additionally produce automotive
inertial sensors that use the same PFAS passivation gels. Their unit sales volumes and
associated gel consumption during production, however, are low compared to the above
numbers. They are used in safety-critical applications e.g., Electronic Stability Program (ESP).

1.1b.) Key functionalities provided by PFAS for the relevant use

The affected semiconductor MEMS pressure sensors are used for e.g., break booster, diesel
particle filter, manifold air, barometric, airbag, and tank pressure sensor automotive
applications [PS_confidential_B02022]. The gels protect the MEMS chips that necessarily
need to be exposed directly to e.g., corrosive or otherwise harmful environments against
humidity or particle induced short circuits.

More information from internal research can be found in the confidential attachment
[02_Confidential_PFAS_Feedback_to ECHA__Att_Question_8].

As detailed above, besides PFAS-membrane-based constructions, gel passivation is the only
known approach that enables the realization of sufficiently miniaturized sensor housings
with high media robustness. While oil-filled pressure sensors in a stainless-steel housing exist
as an alternative construction, their bulky size (12mm and above housing diameter even for
industry-leading very miniaturized devices, see e.g., (Intel, 2023), prevents their use in
consumer electronics applications where sensor package sizes below 4mm are a hard
integration requirement. An increase in sensor size beyond this limit is not possible, since the
sensors then would physically not fit anymore in the very small wearables (e.g., smart
watches) or very thin cellphones.

Due to their unique chemical properties, PFAS-based materials are the only known material
class that, as passivation gels, can provide the necessary protection simultaneously against
humidity, polar and nonpolar solvents, acids, and oxidative agents. Robustness against
combined exposure to these agents is essential e.g., for exhaust gas sensors, but also sensors
in consumer products (wearables) and sensors for future "green" hydrogen fuel cell
applications.

1.1c.) The number of companies affected

Our competitor analysis clearly shows that the vast majority of our competitors also use
PFAS-based gels for pressure sensors [Gel_confidential B0O2023a].
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1.1d.) Alternatives

In the chemical sciences, there are no known alternative material classes besides PFAS-based
materials that provide sufficiently low hardness which is required for passivation materials in
pressure sensors and simultaneous chemical robustness against humidity, organic solvents,
and oxidative agents (Osram Opto Semiconductors, 2014), (Merkel, Bondar, Nagai, Freeman,
& Pinnau, 2000). For a wide range of applications, no alternative materials are available that
can replace PFAS-based gels. This is illustrated in the confidential attachment
[Gel_confidential_SE2023] which compares the chemical robustness of PFAS-based gels and
non-PFAS passivation gel materials. The exceptionally high media-robustness of PFAS-based
gels compared to other passivation gels is further demonstrated by a material
characterization study in the confidential attachment [Gel_confidential _B02004].

Only for a small subset of automotive applications (e.g., barometers for engine control units
and pressure sensors in Hp-fuel cells), where only protection against humidity is necessary,
phenyl silicones could potentially substitute fluorinated gels. Their viability needs to be
confirmed experimentally (see below).

For all applications that require chemical robustness against exhaust gases from internal
combustion machines, and/ or fuel gases, no viable alternatives are known. Consumer
electronics sensors used in wearables require stability against a large variety of everyday
fluids and chemicals that can only be provided by PFAS-based materials
[Gel_confidential_SE2019]. Additional information supporting this statement is provided in
the confidential attachment [Gel_confidential BO2023].

1.1e.) Status of R&D processes for finding suitable alternatives

We didn't conduct specific R&D in the past, but started this program in 2023.

1.1f.) Substitution timeline (technically and economically feasible)

Only for the small subset of automotive applications where only protection against humidity
is necessary, phenyl silicones could potentially substitute fluorinated gels. For these
applications, evaluation of phenyl silicones would involve a new development or formulation
adjustment of such substances with possible suppliers, (2 years), evaluation of their
processability in sensor assembly mass production (1 year), and for each sensor platform
conducting product specific media tests (1 year per platform). If all activities are evaluated
positively, each application must be released by a full product validation (1 year). Therefore,
even if alternatives are known today, it is expected that it would require at least 13,5 years
after EiF to fully qualify a new gel alternative. We expect that not all customer specifications
would still be complied with, so that the redefinition of reduced requirements with the
customers has also to be considered, potentially adding 1-2 years to the above given
duration estimates.

Concerning development costs, derived from our knowledge of technology and product
development we assume
- 5 Mio. EUR for gel development and following verification with a pilot product
- 500k EUR per changed product for development and validation
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As detailed above, for applications where robustness against organic solvents is required, no
known chemical alternatives for PFAS-based gels exist. If there were no permanent
derogation, sensors serving such automotive applications would need to be developed from
scratch with completely different design concepts (e.g., using an oil-buffer package).

Besides the core sensor housing (1°¢ level package), the 2" level package for the vehicle
assembly would need to be newly designed, because the package size of such sensors would
significantly increase.

Because of the broad portfolio we estimate that this transition would not be feasible within
13,5 years after EiF but would take approx. 15-18 years (8-10 years to evaluate new product
concepts for the complete affected portfolio and applications, 5-6 years to develop them to
series maturity and 2-3 years for qualification incl. OEM level) and would cost 40-50 Mio.
EUR development costs for the industry.

This very significant effort for pressure sensors with exclusive use in applications associated
with combustion engines must be weighed against the fact that within the EU their sales
volume (and the associated PFAS release) will extremely ramp down in in the same
timeframe due to the “end of combustion” legislation. On the other hand, for aftermarket of
combustion vehicles such sensors would be needed in low quantities for a long time after
2030.

As detailed above, for consumer electronics applications that require media robustness, the
oil buffer package is no viable approach due to its too large housing size. In case of no
permanent derogation, no alternative approach that could substitute the existing sensor
package types is known.

In summary, our use of fluorocarbon-containing gels has no known substitute that can cover
all applications, and a rather large effort to find an alternative substance is required before
following steps of qualification may be done.

1.1g.) Socio-economic impacts

For automotive pressure sensors related to internal combustion engines, without derogation
the stop of product lines of the respective automobiles and complete stop of operations
inside the EEA are likely outcomes, as also the vast majority of our competitors use PFAS-
containing passivation gels for pressure sensors [Gel_confidential_B02023]. This would also
be valid for trucks, the resale market, and car rental market since this is a new placing on the
market. For economic zones not affected by a PFAS ban, the likely outcome is substitution
with products of competitors producing outside the EEA.

All our automotive low-pressure sensors make use of PFAS-containing gels. For consumer
electronics sensors used in wearables, severe loss of product functionality and reliability and

associated sales declines are expected.

Information on revenues and financial impact can be found in the confidential attachment
[02_Confidential PFAS Feedback to ECHA__Att Question_8].

1.2.) Membranes and Sealing Adhesives in semiconductor/MEMS-based pressure
sensors in semiconductor packages

In consumer pressure sensor applications, e.g., in smart phones and especially in wearables,
simultaneous media robustness and ultralow g-sensitivity (i.e. low sensor drift when
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changing the orientation of the device) are important requirements. To achieve the ultralow
g-sensitivity, a protective gel coating of the MEMS cannot be applied (due to the gravity
force of the gel on the MEMS). Instead, for these applications we therefore apply the
package approach [PS_confidential_B02023a] (c) that is described in detail in a section of
“Media-robust MEMS pressure sensor package approaches and material requirements” in
Chapter 1.1).

The present chapter provides detailed information on the specific materials used as vent
membranes and side seal adhesives and replacement options by non-PFAS materials.

1.2a.) Annual tonnage, emissions, and type of PFAS

Information on the used PFAS, the used quantity and the emissions can be found in the
confidential attachment [02_Confidential_PFAS_Feedback to_ECHA__Att_Question_8].

1.2b.) Key functionalities provided by PFAS for the relevant use

This information can be found in the confidential attachment
[02_Confidential PFAS Feedback to ECHA__Att Question_8].

1.2c.) The number of companies affected

We have no information about that.

1.2d.) Alternatives

This information can be found in the confidential attachment
[02_Confidential PFAS Feedback to ECHA__Att Question_8].

1.2e.) Status of R&D processes for finding suitable alternatives

We don't anticipate any suitable alternative membrane and sealing gel material, and also no
different sensor concept (see a).

1.2f.) Substitution timeline (technically and economically feasible)

As we don't anticipate a technically feasible substitution, no reliable timeline can be
provided here.

A full assessment of alternative membranes and sealing gels would require ~4 years with

unclear outcome. Only in case this would be successful additional 4 years and in sum >5Mio.
EUR would be needed for product development and validations based on that.

1.2g.) Socio-economic impacts

We provide information on that in the confidential attachment
[02_Confidential PFAS_Feedback to ECHA Att Question_8].
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1.3.) Adhesives in semiconductor/MEMS-based tank pressure sensors in
semiconductor packages

The present chapter describes the use of PFAS-based adhesives in MEMS tank pressure
sensors.

The purpose of a tank pressure sensor in automotive applications is the detection of
mechanical defects and leaks in the tank and gasoline system that leads to emission of fuel
to environment. The basic operation principle is as follows: A differential pressure sensor
with two pressure inlets is used to measure the pressure difference between the ambient
environment of the car and the inside of the fuel tank. When operating the car, the fuel
pump generates a very minor underpressure (on the order of -10mBar) inside the tank. In
case of a leakage in the tank system, this underpressure relative to the ambient environment
is reduced. By monitoring the pressure difference between the ambient environment and
the tank, leaks can therefore be detected by a MEMS differential pressure sensor.

A representative construction of the 2" and 1°! level sensor housings of a typical differential
pressure sensor module for tank pressure sensor applications is shown in
[PS_confidential_B02023]. The differential pressure MEMS chip is situated in the mold cavity
of the 1% level sensor package. The MEMS is glued to the mold surface by a soft PFAS-based
chip adhesive. The construction is such that the pressure inlet from the tank is connected to
the MEMS chip backside. The ambient pressure is applied to the MEMS front side.

The adhesive used to attach the MEMS to the mold package need to fulfill two crucial
functions:

The adhesive must provide a mechanical decoupling of the very sensitive MEMS chip
from the sensor package. It therefore must possess a Young’s Modulus <10MPa that
it stable over the full operational temperature range of the tank pressure system (-
40°C — 125°C). The Youngs modulus must not change significantly during the sensor
lifetime. Otherwise, the resulting change in stress that acts on the MEMS chip will
lead to a pressure error and sensor drifting out of the specification.

The MEMS adhesive is the pressure seal between the tank system (connected to the
MEMS chip backside) and the ambient environment to the car. It therefore must
possess a very low permeation coefficient for fuel vapor to prevent leakage of fuel
components in the environment.

In the USA, the evaporative emission of fuels from vehicles is regulated by EPA standards,
see e.g., 40 CFR Part 1060 (EPA, 2023) and 40 CFR part 1051 (EPA, 2023). In the European
union, similar regulations apply, see e.g., mission Regulation (EU) 2017/1347 (European
Commission, 2017) and further standards referenced within.

To comply with these standards, car manufacturers specify maximum allowed evaporation
leakage rates for tank pressure systems. The allowed evaporation rates for our tank pressure
sensors that are validated in standardized tests are on the order of 1mg/day.
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1.3a.) Annual tonnage, emissions, and type of PFAS

For automotive tank pressure sensor applications, PFAS-based adhesives are quintessential
for the MEMS chip die attach. These adhesives are no process chemicals but remain in the
sensors at mg level.

The used PFAS can be found in the confidential attachment
[02_Confidential_PFAS_Feedback_to ECHA__Att_Question_8].

This type of PFAS is polymeric PFAS which is not declared as hazardous material according to
the hazardous substances ordinance (GefStoffV) according to their material safety
datasheets (MSDS).

Information on amount of PFAS used can be found in the confidential attachment
[02_Confidential PFAS Feedback to ECHA__Att Question_8].

1.3b.) Key functionalities provided by PFAS for the relevant use

Due to the connection of the MEMS backside to the tank (see description above), the
adhesive is exposed to fuel vapor and liquid fuel over the full sensor lifetime (>15 years).
Fuels are composed of nonpolar solvents (methanol, ethanol, linear and, iso- and cyclo-
alkanes). The MEMS chip adhesive must be able to withstand these agents for >15 years

i without significant degradation of its adhesion to the silicon chip and mold
compound (to prevent leakage),

ii.  without a significant change of its fuel vapor permeation coefficient (to prevent
leakage)

iii.  without a significant change of its low Young’s modulus (to prevent sensor signal
drift and measurement errors) over the full operational temperature range (-40°C —
125°C) [Adh_confidential_B02007]

iv.  without a swelling due to absorption of fuel components (to prevent sensor signal
drift and measurement errors)

Due to their unique chemical properties, PFAS-based adhesives are the only known material
class that can provide the necessary protection and long-term stability against nonpolar
solvents with a sufficiently low permeation coefficient [Gel_confidential_B02016]. The
exceptional stability of PFAS-based materials against such polar solvents are detailed in the
study report [Gel_confidential BO2004]. The unique stability of PFAS-based materials
compared to other soft polymers is further documented in the comparison table
[Gel_confidential_SE2023]

1.3c.) The number of companies affected

We have no information about that.
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1.3d.) Alternatives

In the chemical sciences, there are no known alternative material classes besides PFAS-based
adhesive that provide simultaneous chemical robustness against fuels, the required low
Shore hardness, and low fuel vapor permeation rates required in tank pressure sensor
applications.

No alternative materials are available that can replace PFAS-based chip adhesives for this
application.

We note that the oil buffer package [PS_confidential _B02023a] (e) described in Chapter 1.1
is not a viable construction alternative that could replace our current PFAS-based solution
since it does not allow measurement of differential pressure signals.

1.3e.) Status of R&D processes for finding suitable alternatives

As we don't see any suitable alternative adhesive the R&D would need to focus on different
sensor concepts to fulfill the (legal) requirements. The comments in 1.1e) also apply here.

1.3f.) Substitution timeline (technically and economically feasible)

As we don't see any suitable alternative adhesive the R&D would need to focus on different
sensor concepts. We don't have a timeline yet, but this would mean at least a >10 years
project of development and industrialization including all necessary validations without clear
outcome. If that would be successful, after that period a process adjustment and re-
qualification for the sensors would be necessary. Even a 13.5 year derogation would not be
enough time to perform this program with an unpredictable end concerning technical
solutions.

1.3g.) Socio-economic impacts

For automotive tank pressure sensors related to internal combustion engines, stop of
product lines and associated stop of production inside the EEA are likely outcomes. For
vehicles sold and produced inside the EEA, alternative means of tank leakage detection that
are not based on pressure sensors would be required. For economic zones not affected by a
PFAS ban, the likely outcome is substitution with competitor products from outside the EEA.

Information on revenue can be found in the confidential attachment
[02_Confidential PFAS Feedback to ECHA__Att Question_8].

Socio-economic impacts are similar to those described in chapter 1.1g.
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1.4.) Adhesives in semiconductor/MEMS-based acceleration and inertial sensors in
semiconductor packages

1.4a.) Annual tonnage, emissions, and type of PFAS

Soft PFAS-based adhesives are used in one of our automotive MEMS acceleration sensor
platforms and in one of our automotive MEMS inertial sensor platforms running in series
production in high volume (end of production planned 2030). The adhesives are used to
attach the MEMS chip to the carrier substrate of the sensor package.

The adhesives are no process chemical but remain in the sensors at mg level. The sensors are
recycled with the vehicle according to European laws (European Parliament and Council,
2000) and so should not be emitted to the environment.

Information on the used PFAS can be found in the confidential attachment
[02_Confidential PFAS_Feedback to ECHA _Att Question_8].

We note that the PFAS-based materials contained in the adhesive are considered as
"polymers of low concern" according to the OECD (see e.g., (Korzeniowski & et al., 2022)).

Information on usage and emissions can be found in the confidential attachment
[02_Confidential_PFAS_Feedback_to ECHA__Att_Question_8].

1.4b.) Key functionalities provided by PFAS for the relevant use

A soft PFAS-based adhesive is used as a chip bond adhesive for MEMS sensor chips that are
sensitive to mechanical stress in a mold package. The use of PFAS-based fillers with a high
volume ratio (ca. 30-50%) leads to an adhesive with a low-to-intermediate Young's modulus
that is rather stable over temperature. The inert nature of the PFAS-based materials
prevents aging of the fillers over the product lifetime that could lead to a modulus change
and a drift in the sensor signal. Such drifts can e.g., lead to violations of safety requirements
of Airbag systems.

1.4c.) The number of companies affected

We have no information about that.

1.4d.) Alternatives

Based on supplier feedback, another soft polymer filled adhesive is available as a potential
alternative. However, this proposed alternative has a significantly lower modulus compared
to the currently used adhesive. In the case of a replacement, the impact of the modulus
change of the adhesive on the sensor performance and reliability is unknown.

We note that the proposed potential alternative adhesive contains chemicals that are
assumed to be compromising human health (2-Phenoxyethylacrylat, CAS-Nr. 48145-04-6).
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1.4e.) Status of R&D processes for finding suitable alternatives

R&D activities to evaluate replacement adhesives have not been started yet.

1.4f.) Substitution timeline (technically and economically feasible)

A full assessment of alternative adhesives would require at least 4 years. In case this would
be successful, additional 4 years and in sum >3 Mio. EUR would be needed for product
development and validations based on that to implement the adhesive change for the
affected sensor platforms.

1.4g.) Socio-economic impacts

We don't use this adhesive in the newest generation of our acceleration sensors in series
production and don't plan it in the upcoming generations (the mechanical stress issue is
solved in other ways). That means that even with a "short" derogation we might be forced to
heavily invest in the re-development of the older generation which is already ramping down
slowly until approximately 2030. In comparison, the amount of fluoropolymer we use per
year (also ramping down) is low compared to total PFAS emissions. So, the benefits of the
use far outweigh the costs/risks.

In case of a ban without derogation there would not be enough time to evaluate, develop,
and release an alternative (see f.)) and also Tierls and OEMs would not be able to switch to a
newer, PFAS-free generation of acceleration sensors in such a short timeframe. That means
that delivery would have to be stopped which would affect >10 OEMs.

Information on revenue can be found in the confidential attachment
[02_Confidential PFAS_Feedback_to ECHA__Att Question_8].

1.5.) Anti-adhesive coatings for semiconductor microelectromechanical systems
(MEMS, micromachines)

Semiconductor MEMS components such as motion sensor chips contain microscopic moving
structures made of silicon and other semiconductor related materials. These small movable
functional elements in the size of only a few micrometers respond to physical quantities such
as acceleration. (Laermer, Schilp, Funk, & Offenberg, 1999). To avoid electrical short-circuits
or damage at high external forces / accelerations, stop structures must be embedded at
which silicon surfaces are allowed to touch each other. Since all surfaces exert attractive
forces on each other and since the spring forces acting against those surface forces have to
remain quite small (typical spring forces of acceleration sensors lie in the range of 0.5 to 30
uN depending on the area of application / required sensitivity and component size), the
attractive surface forces have to be carefully controlled to ensure that the movable silicon
structures never stick together. If the functional elements would stick together, they would
no longer be able to move, resulting in a complete failure of the sensor function (Ashurst,
Carraro, & Maboudian, 2003).
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100pym 1 3 .00V
Electron microscopic image of a MEMS acceleration sensor chip core made of silicon.

Of the two general approaches discussed in fundamental research:

1. physical modification — roughening the surfaces to reduce effective contact area

2. chemical modification — altering the chemical composition of the surfaces (Ashurst,

Carraro, & Maboudian, 2003),

only the chemical modification of the surface is suitable for industrial use in commercial
mass production because the physical approach conflicts with other requirements for the
manufacturing process (e.g., precise control of structural widths on the nm scale) and cannot
be controlled as precisely as is required for industrial mass production with high reliability
standards.
Therefore, coating the silicon surfaces with a high-performance anti-adhesive coating is the
most important measure against stiction failures of MEMS.

1.5a.) Annual tonnage, emissions, and type of PFAS

Fluoroalkyl silanes with a sufficient perfluoroalkyl chain length are currently the only known
precursors that enable highly effective and durable/reliable anti-stiction coatings (ASCs) for
semiconductor-based MEMS sensors. The material we use is a PFHXA related substance and
thus also PFAS. In the following we also refer to the restriction process for PFHxA which has
been ongoing before the PFAS restriction process. We cite p. 17 of the final opinion of RAC
and SEAC on the Annex XV dossier proposing restrictions on undecafluorohexanoic acid
(PFHXxA), its salts and related substances (Committee for Risk Assessment and Committee for
Socio-economic analysis, 2021).

Specifically, it is not clear to SEAC if anti-adhesive coatings for semiconductor
microelectromechanical systems (MEMS, micromachines; discussed in comments
#860 and 893) would be covered. In case that would not be the case, a separate
derogation of those should be considered, as SEAC supports a 12-year derogation
also for MEMS. A wording proposal was included in comment #860, reading:
“Paragraphs 1 and 2 shall not apply to anti-adhesive coatings for semiconductor
microelectromechanical systems (MEMS, micromachines), including raw materials for
the synthesis of the coating precursors”.
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The amount of material required for semiconductor MEMS production is very small
compared to other uses of PFAS (details see confidential attachment
[02_Confidential PFAS_Feedback_to ECHA _Att Question_8]).

This small amount is due to the fact, that an ultra-thin (molecular) layer is sufficient.

We are working on further reductions of material consumption: currently we phase in an
optimized process on our existing tools, based on extensive test series, that needs 30% less
fluoroalkyl silane per wafer. And we are working on the introduction of another optimized
process on a new kind of deposition tools, based on decades of process development by the
tool supplier, that needs even 75% less fluoroalkyl silane per wafer to produce the ASC layer.

Workers and service personnel do not get into direct contact with the precursor substance
or the coating in the production process.

The coating is hermetically sealed during the production process and does not enter the
environment later in the application. And this small amount of PFAS will be recycled with the
devices according to the WEEE directive (European Parliament and Council, 2012) or
(European Parliament and Council, 2000).

1.5b.) Key functionalities provided by PFAS for the relevant use

As explained above, high-performance anti-adhesive coatings are essential to meet both the
performance and reliability requirements of today's sensors and systems. Fluoroalkyl silanes
with a sufficient perfluoroalkyl chain length are currently the only known precursors that
enable both highly effective and durable/reliable anti-stiction coatings (ASCs) for
semiconductor-based MEMS sensors (Mayer, de Boer, Shinn, Clews, & Michalske, 2000),
(Psarski, et al., 2018).

The exceptional performance of perfluoroalkyl compounds is related to several unique
properties offered by no other molecular film surface coating. These unique properties are
directly linked to the chemical nature of the C-F bond, the most import material properties
being:

e ultra-low surface free energy, resulting in very low adhesion forces (Janssen, De
Palma, Verlaak, Heremans, & Dehaen, 2006) (Srinivasan, Houston, Howe, &
Maboudian, 1998), (Zhuang, et al., 2007), (Bhushan, Kasai, Kulik, Barbieri, &
Hoffmann, 2005)

e very low polar fraction of surface energy (Zhuang, et al., 2007), (Janssen, De Palma,
Verlaak, Heremans, & Dehaen, 2006)

e low friction (Singh, Yoon, Han, & Kong, 2007), (Bhushan, Kasai, Kulik, Barbieri, &
Hoffmann, 2005)

e low particle generation during coating process (Ashurst, Carraro, & Maboudian,
2003)

o excellent thermal stability up to more than 420°C, required for the subsequent wafer
bonding process (Srinivasan, Houston, Howe, & Maboudian, 1998), (Zhuang, et al.,
2007)

e chemical robustness

high wear resistance (Bhushan, Kasai, Kulik, Barbieri, & Hoffmann, 2005)
long-term stability [ASC_confidential_B02023]

minimum particle generation during use (Singh, Yoon, Han, & Kong, 2007)
excellent electrical isolation
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Because the anti-stiction coating must be applied prior to bonding the MEMS silicon wafer to
a protective cap silicon wafer, it must be able to withstand a bonding temperature of more
than 420°C without significant degradation and not compromise the mechanical stability and
the long-time robustness of the wafer bond (Farrens & Sood). Since an anti-stiction coating
applied by vapor phase deposition (VPD) inevitably covers all structures in a MEMS sensor
core and since MEMS acceleration sensors and gyroscopes rely on capacitive electrical
detection (Vigna, Ferrari, Villa, Lasalandra, & Zerbini, 2022), (Laermer, Schilp, Funk, &
Offenberg, 1999), the coating must also have extremely good electrical isolation.

1.5c.) The number of companies affected

We have no information about that.

1.5d.) Alternatives

Due to the very small feature sizes of MEMS devices, only materials that can be deposited
very homogeneously in ultra-thin (molecular) layers even in complex micrometer scale
structures (narrow channels, undersides, undercuts, ...) are suitable for MEMS surface
coatings. A suitable method that meets these requirements as well as the need for a low
level of particle generation is gas phase deposition from molecular vapor, preferably carried
out with reactive functionalized silanes (Ashurst, Carraro, & Maboudian, 2003), (Europa
Patentnr. DE 103 55 038 B4, 2004), (USA Patentnr. US 10900123 B2, 2021).

Reactive silanes not falling under the PFAS definition are not able to fulfill the above listed
properties of fluoroalkyl silanes used today in a comparable manner. This is especially the
case for the combination of ultra-low surface energy and very high temperature stability

(> 420°C, required for chip encapsulation process) (Zhuang, et al., 2007).

Although an excessive length of the perfluoroalkyl chain has some technical disadvantages, a
longer perfluoroalkyl chain length results in higher intermolecular interactions, therefore
helps the formation of very dense and stable self-assembled monolayers (SAMs) and also
better shields the underlying silicon oxide surfaces from each other due to the higher film
thickness on the silicon oxide.

As a result, surface free energy (which determines adhesion forces) is known to increase
when going from longer to shorter perfluoroalkyl chains (Psarski, et al., 2018).

Accordingly, C10 perfluoroalkyl (e.g., FDTS, containing C8F17- as a functional group) and C8
perfluoroalkyl (e.g. FOTS, containing C6F13- as a functional group) have been regarded as the
most suitable materials for anti-stiction / low-friction and hydrophobic MEMS coatings in the
scientific community for at least the last 25 years (Mayer, de Boer, Shinn, Clews, &
Michalske, 2000) (Ashurst, Carraro, & Maboudian, 2003), (Zhuang, et al., 2007), (USA
Patentnr. US 7443001 B2, 2008) (Psarski, et al., 2018).

Increased failure probability due to poorer anti-stiction properties of a coating material
cannot be tolerated neither for automotive applications nor for consumer applications (or
most other applications). However, increased failure probabilities could then only be
prevented by changes in the chip design that result in poorer product performance in
decisive functional parameters (e.g., sensitivity) and/or significantly larger chips.

A deterioration of the functional sensor performance is generally not acceptable for the
customers and results in corresponding sales losses.

Significant increases in chip size would not only increase production costs, but also lead to
increased material and energy consumption, as more silicon wafers would have to be
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manufactured, larger chips would inevitably require larger sensor packages with more
plastic, etc.

In addition, an enlargement of the sensors, especially in the application for mobile devices
but also for various other applications, would not be accepted by the customers due to the
existing size restrictions for electronic components.

Apart from the question of anti-stiction performance, no reliable data on the long-term
stability (including but not limited to mechanical wear and particle formation) of possible
alternative materials are available so far.

Up to now there is no suitable alternative described in literature or known from our research
(cf. 1.5e.)

1.5e.) Status of R&D processes for finding suitable alternatives

More than 20 years ago we decided to use perfluoroalkyl silanes as an anti-stiction coating
from a wide range of possible materials. Triggered by various reasons including the
increasing worldwide concerns regarding PFCs and PFAS, we have intensified our efforts on
identifying and evaluating alternative ASC materials in 2019, paying special attention to
PFAS-free materials. However, our studies and experimental results clearly demonstrate that
fluoroalkyl silanes are still unsurpassed in their technical performance and can probably
never be replaced by PFAS-free materials without severe debasements of device
performance and required chip sizes [ASC_confidential_B02023].

We are committed to finding alternatives and have recently again increased our efforts. To
secure progress in the search for new materials, a new deposition tool specifically dedicated
to the application of various test coatings on MEMS wafers was purchased and set up in the
beginning of 2023 at our central research department.

Details are presented in the confidential attachment [ASC_confidential_B02023].

1.5f.) Substitution timeline (technically and economically feasible)

Due to the complexity and interdependence of physical and chemical influences in MEMS
systems and the associated manufacturing process as well as the extensive reliability testing
and release processes required especially for automotive applications, the start of
production with a PFAS-free anti-stiction coating of the sensor product portfolio under
development would require at least 7 years from today, even under favorable circumstances.
For products currently already being in series production or in development, a changeover
would take even more time, since in the very probable case that no fully adequate
replacement with the same performance can be found, product designs and/or
specifications would have to be adapted or sensor components / products would have to be
replaced by new components or products. Here as well, extensive qualifications and
approval procedures in both automotive and consumer applications would be required,
including testing on the end product (e.g., an automobile or mobile phone), involving
customers. A time frame of 13.5 years from entry into force should already be considered as
critical here.

1.5g.) Socio-economic impacts

Information on production quantities and market can be found in the confidential
attachment [02_Confidential PFAS Feedback to ECHA_ _Att Question_8].
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These sensors are indispensable sensing organs for safety and comfort systems in vehicles
(airbag, vehicle stability control, autonomous driving) and in countless consumer
applications (smartphones, tablets, wearables) and they enable system sales of more than
USS 240bn in the value chain (Bundesministerium fur Bildung und Forschung, 2020), Page 5.

Worldwide such systems save lives, make traffic safer, reduce energy consumption and
enable the comfort we are accustomed to in all situations of life - but this can only be
guaranteed with small, smart and affordable sensors that work fault-free and reliable.

A complete ban of fluoroalkyl silanes in the EU within the framework of a broad PFAS
restriction would make MEMS acceleration sensors and IMUs (Inertial Measurement Units)
from European production considerably more expensive, larger and poorer in quality in the
future.

A complete ban would endanger the competitiveness of the European MEMS, system, and
automotive industries in important key technologies. It would once again expose the global
supply chains to considerable risks, this time especially with regard to the availability of
acceleration sensors and IMUs. It would risk the loss of technology leadership and market
shares due to low product quality and associated financial losses.

Considering the negative impact on industry and consumers, the extremely low annual
demand for fluoroalkyl silanes used for the production of MEMS components and the
minimal risk of human exposure, we strongly recommend including a derogation for
fluoroalkyl silanes for semiconductor MEMS production.

1.6.) Summary of substitution challenges

PFAS substances provide significant benefits throughout their supply chain. They feature
unparalleled chemical and thermal resistance, as well as exceptional electrical performance.
Their stability, combined with these features, corresponds to unique, durable, and long-
lasting performance in applications, contributing to product life extension. Furthermore, the
longevity of fluoropolymers makes them ideal materials for the development of innovative
technologies.

Alternative material evaluations have indicated that, when available, they frequently fail to
match the critical performance characteristics of PFAS substances and lack the range of
properties required for electronic and semiconductor applications, such as high chemical and
thermal resistance. The proposed restriction will result in increased costs and reduced
productivity, both in the performance of the product applications and in their use, creating
an additional burden on customers, potentially limiting their choices, and reducing the
incentives for technological advancement.

Products produced with alternatives having lower durability and reliability would also result
in higher maintenance and replacement frequency and eventually increased waste.

We, as experts, are concerned that regulations aimed at restricting PFAS, regardless of which

group it belongs to, would result in "regrettable substitutions," in which a regulated chemical
is substituted with an unregulated compound that may be equally or even more harmful
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(Blum, Balan, Scheringer, & et al., 2015). We would like to emphasize the significance and
necessity of a novel regulatory approach—regulating PFAS compounds as a class. A PFAS
restriction proposal that differentiates between the various PFAS groups based on their risk
profiles and properties, as well as one that recognizes the safe use of fluoropolymers and
their importance for applications, should result in an exemption from any regulatory action
under the proposed PFAS restriction (Balan, Mathrani, Guo, & Algazi, 2021).

Assuming that alternatives are already available, which is not the case, chip supply
disruptions will undoubtably occur due to the PFAS restriction. The chip supply chain has
already experienced difficulties in recent years resulting in shortages across numerous
economic sectors and major societal effects. Supply disruptions have threatened the
semiconductor industries, not only in the automotive sector but also in the consumer
electronics sector. The recent supply chain shortage has highlighted the limited availability of
skilled engineers in the semiconductor industry due to the complexity of its products. This
limited availability will only be exacerbated by the fact that due to PFAS restriction proposal
engineers will be diverted from their typical functions of R&D to focusing on innovations of
PFAS-free products in an unfeasible amount of time.

While the proposed 12-year derogation alleviates some of the uncertainty about the amount
of effort required to identify PFAS-free alternatives, and our company is diligently working to
identify PFAS in products and prepare to provide information to ECHA on the use of PFAS-
related substances in the semiconductor industry, the fact remains that 12 years is an
insufficient period to completely phase-out PFAS in the semiconductor manufacturing
process. According to our evaluation, a derogation period of at least 15 to 20 years is more
reasonable as an adequate compliance time frame.

2.) Power-Semiconductor modules
2.1.) Process medium in vapor phase soldering (of Power-Semiconductor Modules)

Within the electrified powertrain of battery electric vehicles (BEV) or plug-in hybrid electric
vehicles (PHEV), the so-called power module switches the DC current from the battery to
generate the AC current for the electrified motor. By each switching step, heat is generated
within the power module. For this reason, the power modules need an active cooling —a
connection to the cooling water circulation within the BEV or PHEV.

In order to optimize the efficiency of the whole system, an optimization of the thermal path
from the power module towards the cooling water of the car is mandatory. Within our
products we realize this by a metal connection of the Power-Semiconductor modules on a
cooler - by directly soldering them on a cooler ( a picture can be found in the confidential
attachment [02_Confidential_PFAS_Feedback_to_ECHA__Att_Question_8]).

The cooler together with the power modules is mounted into a housing. By adding other
electronic components for the functionality and the safety of the final product, the so-called
power inverter is assembled. The Inverter is beside the battery and the e-motor the main
component of the electrified power train.
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The Power-Semiconductor modules are used for the inverter of electric drive applications.
During operation and because of power loss heat is generated in the application. Therefore

The high-power semiconductor on a power substrate needs to be thermally well
connected to a specific heat sink for the use in a related inverter ECU.

To ensure a sufficient heat dissipation the heat sink required for this is therefore
large.

The connection between power module and heatsink is performed via soldering.
Because of the mentioned required size of the heat sink a soldering process e.g.,
with reflow is not feasible.

Intensive investigation had shown that this specific use case could only be soldered
with the vapor phase soldering method.

Soldering three power modules on such a high thermal mass in reasonable time, with no
overheating, energy efficient, in high volumes and with a high process robustness (low
number of failures) is a challenge.

Vapor phase soldering, also known as condensation soldering, uses the enthalpy of
condensation released during the phase change of a heat transfer medium from the gaseous
to the liquid state to heat the assembly.

In the sketch below, the working principle and the subsequent process steps are shown:

1.

The product (three power modules + solder preform + cooler) is introduced into the
process chamber. The bottom and the sidewalls of the process chamber are heated.
The process media, the PFPE (Perfluoropolyether) is injected into the process
chamber, in a liquid form. By heating up, the PFPE evaporates within the process
chamber.

The vapor condensates on surfaces which are colder than the boiling point of the
media. By condensation on the product, heat is transferred to the parts and the
solder can melt, until the entire assembly has reached the temperature of the vapor.
The temperature which is generated during the process is largely identical to the
boiling point of the used liquid, so that an optimal protective gas atmosphere is
formed. Oxidation of the soldered parts is widely excluded.

When the solder is melted, there is a vacuum step to reduce voids (due to
outgassing) within the soldering area. After the vacuum step, the product is
transferred into a cooling chamber. Cooling traps within the equipment ensure that
the process media is condensating and recovered for the next soldering run and as
low as possible PFPE is emitted to the environment.

For some products there is a cleaning step after the soldering on the cooler. The
cleaning step is needed to get rid of flux residuals from the soldering process. The
flux cleaning is a wet chemical cleaning process with some dedicated flux cleaning
media. Residuals of the soldering media PFPE are not chemically solvable. But due to
the mechanical abrasion of spray cleaning or rinsing some of the PFPE is removed
from the surface. Afterwards only traces of the material can be detected. The
cleaning media and the water used for rinsing are collected, treated and disposed of
as chemical waste.
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Soldering process for a high thermal capacity — Vapor Phase Soldering
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inert fluorinated fluid used as heat transfer

For the assembly of our products, we use a Pb-free solder, with a melting Temperature of
~220°C. For a robust processing, a soldering media is needed, which has a boiling point of
~240°C. One of the unique properties of the PFPE is, that the boiling temperature can be
tuned, by adjusting the chain length of the polymer used.

For the manufacturing of electronic devices in high volume, also other positive
characteristics of the vapor phase soldering process are very important:

- fast and largely independent of the geometry and mass of the to be soldered parts

- no cold zones e.g., in the shadow of large components.

- due to the process related max temperature and the uniform heating, no
overheating of the components.

- allows soldering with low activated fluxes, as little to no oxidation takes place during
the completely oxygen-free soldering process.

- process is about 10 times more energy-efficient than conventional convective
manufacturing processes. Therefore, less CO, footprint.

- Enable soldering of parts with high thermal capacity (e.g., heatsink to
semiconductor)

- The process liquid is kept in a closed circuit of the equipment (99,997% of the used
PFPE stays in the system and is reused in the following soldering steps)

2.1a.) Annual tonnage, emissions, and type of PFAS

Vapor phase soldering enables a high heat transfer in reasonable time. PFPE
(Perfluoropolyether) is used in vapor phase soldering equipment as process media (also
known as Galden which is a trademark. See also 1.1.6a in question 7). These liquid PFAS-
polymers are composed of carbon, fluorine, and oxygen. Perfluoropolyether’s are among the
most stable bonds in carbon chemistry. The fluorine atoms on the outside shield the carbon
chain. They thus protect the more sensitive C-C bonds from chemical and thermal effects.
They have excellent heat transfer coefficients as well as good dielectric properties.
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Amount of PFPE used during the soldering process / yearly tonnage

A small amount of the media will be consumed during the soldering process, e.g., during the
vacuum step (see point 4 in the sketch above) in the soldering chamber. Within the
equipment, cooling traps are used to regain the soldering media from the atmosphere,
which is pumped from the process chamber. But not all PFPE can be trapped inside the
equipment. A compensation and refilling of the soldering media are needed.

Information on quantities used emissions can be found in the confidential attachment
[02_Confidential PFAS Feedback to ECHA__Att Question_8].

We are already in discussion with the equipment supplier to either reduce the amount of
process media, which is consumed during production, or to trap or treat the remaining PFPE
during the process.

The goal is to reduce the losses of PFPE as much as possible.

Neglectable amount of PFAS remaining on the product

The process medium used for the vapor phase soldering containing PFAS is circulated within
the process chambers of the soldering equipment.
Before the soldered modules leave the machines, the condensed medium on the power
module is largely dried in a specific section of the machine and returned to the reservoir.
However, a small amount remains on the soldered modules and cooler. Some of the
products have a flux cleaning process step in which also PFPE is mechanically removed
during the cleaning or rinsing process. The remaining soldering media PFPE can only be
detected using high resolution surface analysis techniques like

XPS (X-ray photoelectron spectroscopy),

TOF-SIMS (Time-of-flight Secondary-ion mass spectrometry) or

LIMS (laser ionization mass spectrometer)

A quantitative measurement of the remaining media on the surface of the product is very
difficult. The Aluminum (Al) based cooler, which we typically use for our products consists of
Aluminum plates, which are cut, formed, and brazed. For the metal brazing of Al based
plates typically a fluorine (F) containing solder/flux system is used. The F is still detectable
within the final product. In a high-resolution quantitative analysis, it is almost impossible to
separate the detected F signal from the brazing with a F signal from the soldering media
PFPE.

The only measurement of PFPE which we can use for a quantitative calculation of the
remaining amount of PFPE on the product is a LIMS (laser ionization mass spectrometer)
measurement.

During the LIMS measurement a focused laser beam is pulsed on the sample. The laser beam
generates ions from the surface, which are analyzed with time-of-flight mass spectrometry
to identify the composition, concentration, and in the case of organic molecules structural
information’s also. By knowing the measured area, the volume of the equipment, the
pressure drops during the measurement and the molar mass of the molecules, one can
calculate the mass of the material evaporated by the laser.
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An estimate for the extremely low quantity remaining on the top- and bottom-surface of the
cooler/product after the processing can be found in the confidential attachment
[02_Confidential PFAS_Feedback_to ECHA__Att Question_8].

Due to low amounts of residues on the parts to be soldered, there is a very low to nearly
zero emission into the environment in the use-phase and end of live-phase with our
products.

2.1b.) Key functionalities provided by PFAS for the relevant use

Vapor phase soldering is used, when electrical components are soldered to the high
thermal mass of the heat sink (cooler). The heat sink can be copper or aluminum-based
structures and can have a mass of typical 0,4 — 1,0 kg. The state-of-the-art soldering for
these applications is the vapor phase soldering.

A general description of the soldering process can be found in (lllés, Géczy, Medgyes, &
Harsanyi, 2019).

The fluids required for vapor phase soldering are specially developed for the
requirements of this process. They are characterized by the highest thermal stability,
show no deterioration over time, have unmatched chemical and solvent resistance: They
are chemically inert, non-corrosive, nontoxic, nonflammable and electrically non-
conductive fluids, which are needed for heat transfer of the electronic parts to be
soldered.

Another unique characteristic of PFPE is the required boiling point of ~ 240°C, which is
required for the soldering process.

2.1c.) The number of companies affected

We do not know the exact number. Vapor phase soldering is not only used for Power-
Semiconductors.

There are several vapor phase equipment manufacturers, e.g.
Rehm Thermal Systems GmbH
ASSCON Systemtechnik-Elektronik GmbH
IBL-L6ttechnik GmbH

2.1d.) Alternatives

To our knowledge no suitable alternative material is available. Details see chapter 2.1e.

2.1e.) Status of R&D processes for finding suitable alternatives

The vapor phase soldering is required for products with a high thermal mass, which are
currently in development and ramp up for automotive applications within BEV or PHEV.
Alternative soldering methods were investigated in advance of the product development.
However, due to the very high thermal mass of the heat sink, vapor phase soldering was
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chosen as the most energy effective and only target-oriented method. The process was
especially newly adopted/developed for these applications. An alternative is currently also
on theoretical point of view to our knowledge not available.

We performed research on market and academic level to evaluate alternative soldering
media which have a boiling point of 240°C and the required properties like PFPE.

We contacted the three main soldering equipment manufacturers, to ask for alternative
soldering media:

Rehm Thermal Systems GmbH

ASSCON Systemtechnik-Elektronik GmbH

IBL-L6ttechnik GmbH

We also have statements from one of the major soldering media (Trademark Galden)
supplier SOLVAY GmbH and from the company 3M (*EHS Challenges and Analytical
Methodologies session at the SEMI Technical Symposium: Innovations in Semiconductor
Manufacturing during SEMICON® West, July 16, 2001) regarding possible alternative media.
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Table of soldering Media and their boiling point *.
From all the feedback we can conclude that in the needed temperature range, (we need for
vapor phase soldering 240°C ) there is no alternative media known, which consists of a
different material class and has no other limits / restrictions.

— To our knowledge no suitable alternative material is available.

The only known media, which were identified, and which have the same functionality,
consists of Perfluorocarbon (PFC)- compositions, or chlorofluorocarbon (CFC). They are of
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the same chemical family of PFAS, or also very harmful to the environment like CFC. So, they
cannot be considered as an alternative soldering media.

2.1f.) Substitution timeline (technically and economically feasible)

Typical timeline for the implementation of a new technology and process, new equipment in
case alternatives would be available for these kinds of applications can be found in the
confidential attachment [02_Confidential_PFAS Feedback to ECHA _Att Question_8].

The base requirement for this described timeline is a positive scouting of potential
alternatives.

As mentioned above especially the positive scouting of alternatives is currently not
available and not foreseeable.

2.1g.) Socio-economic impacts

The vapor phase soldering will be the standard assembly technology of new products
(semiconductor power modules) for electric drive applications currently in ramp up.
The ramp up includes the invest and build of the machines and related production lines.

Effect of no derogation:
e Actual products and products currently under development could not be assembled.
e Scrap of newly installed machines and process equipment
A EiF without an exemption or derogation of min 13,5 years would therefore directly lead to
a stop or relocation of the production, redesigning and qualification of material and
products. In addition, scrap and replacement of manufacturing equipment.

As shown at chap. 2.1e a redesign with related process development requires an estimated
timeline of 8 — 13 years (if solution is available).

Without a derogation it would not be possible to manufacture the original designed power
modules for electric car drive in EU. Supply contracts could therefore not be fulfilled. In final
consequence a stop of car production at OEMs is highly to be expected as a relocation
outside EU including all qualifications is not possible within 18 months transisition time.
Contract penalty in the region of 10s million EUR, loss of reputation and loss of customers
would be the consequence. As a subsequence job loss in the European Union will also
appear.

As PFPE has

e no entries and limitations on e.g., the safety data sheet

e no legal related limitations outside the EU
companies outside of the EU are not covered by this EU restriction.
As PFPE is not intentionally remaining on the product, companies outside of EU would
therefore be able to use the most efficient manufacturing processes for these kinds of power
modules.
Information on invests and revenues can be found in the confidential attachment
[02_Confidential PFAS_Feedback to ECHA _Att Question_8].
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1. EXECUTIVE SUMMARY

Specialty Coating Systems, Inc. (hereafter SCS) is a US company providing conformal coating service
to protect a wide range of products used in various innovative solutions and applications. Conformal
coatings are thin (25-250 ym), nonconductive, dielectric layers that are used to protect electronic
components and medical devices from damage due to contamination, salt spray, moisture, fungus,
dust and corrosion, extreme temperatures and UV exposure. While conformal coatings were first used
to protect military and aerospace applications, their use has expanded over the last five decades to
include medical devices, consumer electronics, transportation electronics and more.

SCS is global leader of Parylene HT® conformal coating, which is a fluorinated Paraxylylene variant.
The conformal coating process consists of a chemical vapour deposition (CVD) of the Parylene HT®
dimer that leads to the polymerisation of Parylene HT onto the materials or items’ surfaces. SCS’s
subsidiary company Galentis s.r.l. located in ltaly is the producer and supplier of the Parylene HT®
dimer. This ownership allows SCS complete control over their proprietary dimer, manufacturing
recipes and production processes to ensure SCS Parylene HT® dimer meet the highest quality
standards.

In comparison to other Parylene variants and other thin coatings, Parylene HT conformal coating
offers superior solutions to many existing packaging and reliability challenges of the electronics
industry because of its excellent electrical and mechanical properties, chemical inertness,
biocompatibility, long-term UV stability and long-term thermal stability at high temperature exposure to
over 350° C (which can rise to 450°C in the short-term for some applications). Therefore, Parylene HT
conformal coating is used in a wide range of applications where functioning is required under harsh
and extreme conditions.

End-use temperatures of electronics continue to increase as miniaturisation of devices occurs and
power requirements increase. Parylene HT has demonstrated low dielectric constant and dissipation
factor in their coatings, which are very relevant for radio-frequency (RF) electronics to preserve signal
integrity and sensitivity, while also being required to operate in high humidity and corrosive
environments.

As the demands of the electronics industry are increasing as regards the need for safer products,
higher protection, and higher reliability of various electronic components (such as pressure and
temperature sensors, Printed Circuit Boards (PCB) Micro Electro-Mechanical Systems (MEMS)
optoelectronic devices, fuel cell components and nanoelectronic parts, etc.), Parylene HT has been
demonstrated to be the only suitable thin organic coating that can provide much-needed protection
for high-tech sophisticated parts against extreme conditions such as UV exposure and to be thermally
stable at higher temperatures.

SCS acknowledges the need to minimise the risk that the uses of Per- and Polyfluorinated
Substances (PFAS) may present to the environment and humans. Although Parylene HT was not
previously considered a PFAS, Parylene HT would now fall within the scope of the definition of a
PFAS substance as described in the restriction proposal. Consequently, SCS has elaborated this
report to present relevant data on the uses and applications of Parylene HT conformal coating
processes and their efforts to find technically suitable alternatives. The information provided
demonstrates the necessity of the use of Parylene HT conformal coating, the control of potential
emissions to the environment, the potential for substitution, and the importance the continued use
Parylene HT conformal coating in the European Economic Area (EEA).

The conclusions from this study are that:

1. There are currently no PFAS-free alternatives to Parylene HT conformal coating that can
ensure that electronics components can remain operative under harsh conditions such as
UV exposure and can remain thermally stable at higher temperatures.

None of the potential alternative materials and technologies evaluated by SCS are currently suitable
to substitute Parylene HT in the conformal coating of electronics uses in applications in industry
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sectors such as electronics, automotive, aerospace & defence and some medical applications. While
some of the PFAS-free alternatives can offer corrosion protection (e.g., plasma coating), mechanical
flexibility (resin coating), dielectric strength (acrylic resin), there is no alternative that meets all
requirements, including thermal and UV stability, mechanical flexibility and that can therefore be used
in the many applications as they require the combination of these properties.

A PFAS-free alternative in conformal coatings would require extensive research and testing before
their technical feasibility can be assessed, as they are primarily used on applications that do not
require both UV and thermal resistance or other combined feasibility criteria.

2. SCS and Galentis can ensure that any potential PFAS emissions are fully controlled in
their manufacturing operations

SCS has locations across the globe. Headquartered in Indianapolis, SCS has nine coating centers in
North America, seven coating centers in Asia and five coating centers in Europe: the UK (non-EEA),
Ireland, Czech Republic, Germany, and Switzerland (non-EEA). All five sites in Europe are multi-
purpose coating centers and 1ISO 9001 certified facilities.

The production process of Parylene HT® dimer is subject to a rigorous containment, which is achieved
by the technical design of the process and the equipment aimed at preventing the releases for
workers and environment. The efficiency of the containment measures for Parylene HT® dimer are
further confirmed by mass balance data and by occupational and environmental analytical monitoring.
All solid and liquid wastes generated during production that are contaminated with Parylene HT®
dimer are collected and disposed of by means of incineration.

The coating process employing the Parylene HT® dimer is a closed process where all the Parylene
HT dimer is consumed, with no or extremely low potential for exposure to workers and environment.

3. SCSrequest for a specific time limited derogation for the use of Parylene HT® dimer in the
conformal coating process

As there are no suitable alternatives for the applications where Parylene HT is used in, and the time
needed for developing a suitable alternative could take more than ten years, SCS would like to
request the consideration of the following specific derogation:

Derogation for the use of Parylene HT® dimer (CAS 3345-29-7) in the process of conformal
coating in applications for electronics and medical devices when operative performance is
required to be maintained at a wide range of extreme temperatures (-40°C to higher than
350°C) and/or with long-term UV exposure.

SCS believes that the absence of a derogation to allow the continued and limited use of Parylene HT®
dimer in the conformal coating would result in the following societal impacts:

®  Areduction of reliability and durability of the electronic components and systems, that will also
compromise: i) the performances of final EEE (Electrical and Electronic Equipment); ii) the
performances and the safety of the vehicles and of defense instruments and assembilies, iii) and
medical devices placed on the market in the EEA, whose systems might be subject to early
failure. Likewise, there will be an inability to service and repair existing products;

m Likewise, a reduction of the quality and standard of health services, since more invasive
surgeries and medical devices might be required as an alternative, with the increasing risk of
cross infection for patients.
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2. BACKGROUND INFORMATION

2.1 Regulatory background on PFAS: the EU proposed restriction

On 22 March 2023, ECHA officially published the universal PFAS restriction proposal, and initiated a
six-month public consultation. The restriction proposal includes a number of proposed time-limited
derogations and derogations for reconsideration for some of the assessed (sub-)uses. The decisions
on derogations were made on the basis of the availability of alternatives and the feasibility of
substitution, along the potential for environmental emissions for each (sub-)use.

The public consultation requests stakeholders to provide any relevant information to the uses,
alternatives, waste management and environmental fate of PFAS in the EEA.

The requested information is on:
1. Sectors and (sub-)uses.

2. Emissions in the end-of-life phase (in the EEA), including emission levels and waste treatment
methods.

3. More specifically, the effectiveness of incineration with respect to the destruction of PFAS

4. Impacts on the recycling industry with respect to the concentration limits for PFAS and any
incurred costs.

5. Tonnage and emissions for the proposed derogations.

6. Alternatives and socioeconomic impacts for uses not assessed in the restriction proposal,
including volumes, functionalities of PFAS, suitability and availability of alternatives, costs, time
and difficulties for substitution, and any socioeconomic impacts in case substitution is not
feasible.

7. Any information on alternatives and socioeconomic impacts to justify the derogations that are
marked for reconsideration by the dossier submitters.

8. Any additional information on alternatives and socioeconomic impacts for identified uses that
have no proposed derogations in the restriction proposal.

9. The degradation potential of specific PFAS sub-groups.

2.2 Information on the stakeholder

Specialty Coating Systems, Inc. (hereafter SCS), is a US company providing conformal coating
service to protect a wide range of innovative solutions and applications. With over 50 years of
experience in conformal coating engineering and applications, SCS is the world leader in Parylene,
liquid, plasma polymerized, atomic layer deposition (ALD) and multilayer conformal coating
technologies. SCS is a direct descendant of the companies that originally developed Parylene. Since
2016, SCS is a KISCO company.

Conformal coatings are generally thin, nonconductive, dielectric layers that are used to protect
devices and components from damage due to contamination, salt spray, moisture, fungus, dust and
corrosion. While conformal coatings were first used to protect military and aerospace applications,
their use has expanded over the last five decades to include medical devices, consumer electronics,
transportation electronics and more. In recent years, the development of new materials and coating
processes has enabled an even larger variety of items to be coated in production facilities around the
world.

SCS is one of the few Parylene suppliers around the world that own the manufacturing capabilities for
the Parylene dimers used in the conformal coating process throughout SCS’s subsidiary company
Galentis s.r.l. (hereafter Galentis) located in Italy. This ownership allows SCS to own complete control
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over their proprietary dimer variants, manufacturing recipes and production processes to ensure SCS
dimers meet the highest quality standards.

Galentis stands as an industry leader in the manufacture of high-quality fine chemicals, specialty fine
chemicals, polymers for medical devices, intermediates for non-active and active pharmaceutical
ingredients, and other key intermediates for the synthesis of pharmaceuticals. Galentis is subjected to
the direction and coordination of Specialty Coating Systems, Inc.

Galentis produces GALXYL®, a series of Parylene dimers that are used as raw material for the
Parylene conformal coating process. The unique nature of the material’s deposition enables the
resultant Parylene coatings to reliably protect, preserve and insulate a wide variety of substrates.

SCS has locations across the globe. With a headquarters in Indianapolis, SCS has nine coating
centers in North America, seven coating centers in Asia and five coating centers in Europe: the UK
(non-EEA), Ireland, Czech Republic, Germany, and Switzerland. All five sites in Europe are multi-
purpose coating centers and 1ISO 9001 certified facilities.

SCS belongs to the United Electronics Coating Association (UECA)Y. The UECA represents the
leading companies providing protective coatings for the electronics industry that are used throughout
the world economies. One of UECA's key objectives is to support the electronics industry to deliver a
sustainable future, enabling electronics re-cycling and reparability, significantly reducing e-waste,
eliminating environmentally hazardous materials and facilitating the circular economy.

2.3 Aim and scope of the report

SCS intends to submit this report to the public consultation on the proposal for a restriction of PFAS,
which was initiated by ECHA and runs until 25 September 2023. As part of their response, SCS wants
to present relevant data on the uses / applications of PFAS in their conformal coating processes,
which are applied in a number of products in industry sectors and applications such as electronics,
medical devices, automotive, and aerospace and defence. The information provided will demonstrate
the necessity of the use of PFAS in these applications, the potential for substitution, and the
importance of the use, and continued use, in the EEA.

The PFAS restriction proposal does not propose a specific derogation for use of PFAS on conformal
coating processes and more specifically in electrical and electronic components and medical devices,
which is where PFAS- based conformal coating processes are used in.

It should also be noted that the use of PFAS-based conformal coating in medical devices applications
may fit within certain sub-sectors and fall under some of the proposed limited derogations. However,
the envisioned potential substitution timeline may be much longer than 12 years.

The aim of the report is to substantiate the case for a targeted or broader derogation for uses of PFAS
in the conformal coating process in components which form a critical part of electronic equipment,
medical equipment and devices, automotive electronics, and aerospace and defence equipment.

The information provided in this report primarily relates to following points of the specific requests for
information in the public consultation, as summarised in Section 2.1 of this document.

1. Sectors and (sub-)uses.

2. Emissions in the end-of-life phase (in the EEA), including emission levels and waste treatment
methods.

6. Alternatives and socioeconomic impacts for uses not assessed in the restriction proposal,
including volumes, functionalities of PFAS, suitability and availability of alternatives, costs, time
and difficulties for substitution, and any socioeconomic impacts in case substitution is not
feasible.

1 Home - United Electronics Coatings Association (theueca.orq)
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7. Any information on alternatives and socioeconomic impacts to justify the derogations that are
marked for reconsideration by the dossier submitters.

8. Any additional information on alternatives and socioeconomic impacts for identified uses that
have no proposed derogations in the restriction proposal.

This report focuses on the use of the fluorinated Parylene HT® dimer in conformal coating process,
which leads to formation of Parylene HT polymeric in applications such as electronics, medical
devices, automotive and aerospace and defence.

The production of Parylene HT® dimer takes place at Galentis (a SCS company) in Italy and the
material is supplied to several facilities of SCS located both in the EEA and outside the EEA, where
the dimer is used in the conformal coating process. The final products containing PFAS (Parylene HT
polymer) are directly commercialised or imported in the EEA. Therefore, the discussion on
socioeconomic impacts from a no-derogation scenario will focus only on the EEA.

3. BASELINE SCENARIO
3.1 Description of use(s)

3.1.1 Conformal coating process

Conformal coating is a protective coating of thin polymeric film applied mainly to printed circuit boards
(PCB). The coating is named conformal since it conforms to the contours of the PCB or other surfaces
where it is applied to. Conformal coatings are typically applied at thicknesses of 25-250 um to the
electronic circuitry and provide protection against moisture, dust, chemicals and temperature
extremities. Likewise, SCS offers a variety of advanced and traditional coatings for the medical sector,
particularly for applications requiring biocompatibility.

Conformal coating can be applied in several ways, including brushing, spraying, dispensing, dip
coating and vapour deposition process. A number of materials can be used as a conformal coating
such as acrylics, silicones, urethanes and Parylene. Each has their own characteristics, making them
preferred for certain environments and manufacturing scenarios. Most circuit board assembly firms
coat assemblies with a layer of transparent conformal coating, which is lighter and easier to inspect
than potting.

SCS is a global leader in Parylene-based conformal coating. Parylene is the name for a series of
polymers obtained from Paraxylylene, which are considered as very effective conformal

coatings. Parylene coatings have the unique characteristic that they are deposited at room
temperature through a vapour deposition process. Parylenes are chemically stable and provide
excellent moisture, chemical and dielectric barrier properties. Parylene coatings also offer superior
thermal stability and UV stability, dry-film lubricity, notable mechanical properties and high tensile
strengths. These properties make SCS Parylene coatings suitable for a number of applications
throughout the medical device, electronics, transportation, defence and aerospace industries.

SCS is able to offer conformal coating with a wide range of Parylene variants, which may be selected
depending on the properties they can provide (Table 3-1). These members (or variations of Parylene)
each offer their own, slightly different, coating properties to engineers. Commercially available
Parylene variants, along with their respective properties, include?:

2 SCS website — SCS Parylene properties. Available online at: https://scscoatings.com/parylene-coatings/parylene-properties/,
accessed on 19 June 2023
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Table 3-1 Parylene Variants, their properties and chemical structures

Parylene variant Chemical structure

Parylene N is poly(para-xylylene), a completely
linear, highly crystalline material. Parylene N is a
primary dielectric, exhibiting a very low
dissipation factor, high dielectric strength, and a
low dielectric constant invariant with frequency.

Parylene C is produced from the same raw
material (dimer) as Parylene N, modified only by
the substitution of a chlorine atom for one of the
aromatic hydrogens. Parylene C has a useful
combination of electrical and physical properties,
plus a very low permeability to moisture and
corrosive gases.

Parylene D is produced from the same raw
material as Parylene N, modified by the
substitution of chlorine atoms for two of the
aromatic hydrogens. Parylene D is similar in
properties to Parylene C with the added ability to
withstand slightly higher use temperatures.

Parylene HT® replaces the alpha hydrogen atom
of the N dimer with fluorine. This variant of
Parylene is wuseful in high temperature
applications (short term up to 450°C) and those
in which long-term UV stability is required.
Parylene HT® also has the lowest coefficient of
friction and dielectric constant, and the highest
penetrating ability of the Parylenes.

ParyFree®, the newest and a uniqgue member of Trade Secret
the series, replaces one or more hydrogen atoms
of the Parylene N dimer with non-halogenated
substituents. This halogen-free variant offers the
advanced barrier properties of Parylene C and
adds improved mechanical and electrical
properties compared to other commercially-
available Parylenes. ParyFree® optimizes the
critical combination of barrier, electrical and
mechanical properties to provide robust
protection against moisture, water, corrosive
solvents and gases, while complying with
halogen-free requirements of select industries
worldwide.

Parylene F/VT-4 replaces the aromatic
hydrogen atom of the N dimer with fluorine. This

F. F
variant of Parylene is useful in higher
temperature applications (short term up to 200°C He - e
but degrades rapidly as temperature increases). & \ / G
The film offers barrier, electrical and mechanical n

properties similar to other Parylene variants.
Parylene F is not UV stable.
Parylene F

Amongst the different Parylene variants Parylene HT stands out for performing in applications that
need to operate at extreme temperatures (short term up to 450°C) and those in which long-term UV
stability is required. In comparison with other Parylene variants- based coating, Parylene HT diplays
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the lowest coefficient of friction and dielectric constant, and the highest penetrating ability of the
Parylenes.

3.1.2 Fields of application of Parylene HT® conformal coating

Parylene HT offers solutions to many existing packaging and reliability issues of the electronics
industry in part because of its excellent electrical and mechanical properties, chemical inertness, and
long-term thermal stability at high temperature exposure to over 350° C (which can rise to 450°C in
the short-term for some applications)®.

Parylene HT based conformal coating is used in a wide range of application fields such as:
m  Electronics

®  Automotive / Transport

m  Aerospace and defence

m  Medical devices

3.1.2.1 Electronics

Parylene HT polymer ensures complete coating of circuit boards, ferrite cores and other electronics
packages such as Micro Electro Mechanical Systems (MEMS), lab-on-a-chip technologies and
sensors. Parylene HT conformal coatings play a critical role in protecting electronic components.

As electronic packages tendency to become smaller and more complex, SCS can deliver ultra-thin
electronic coatings that meet industry needs. Although the different Parylene variants can offer similar
desired properties, Parylene HT based conformal coating excels by deploying the ability to meet the
growing requirements of higher dielectric capabilities, higher temperature integrity and mechanical
processing of the dynamic electronic industry. In addition, Parylene HT polymer coating accurately
conforms to the parts due to its molecular level deposition characteristics. Parylene HTs suitability and
biocompatibility allow its use in sensors and in active electronic devices for various industries, in
particular in medical devices, which include enhancing high temperature applications and
technologies.

Parylene HT provides an advanced protective coating that can enhance product reliability without
hermeticity under many high temperature operating applications. Parylene HT is well suited for
electrical and environmental protection of various micro and nano electrical components, biosensors,
PCB and other electronic components. Parylene HT is also suitable for contamination and corrosion
control, dry lubrication and protection of high density and high-speed integrated circuits.

For examples of electronics applications that require Parylene HT conformal coating to ensure
trouble-free operation refer to Table 3-2.

3.1.2.2 Automotive / Transport

The transport industry has long relied on conformal coatings to help protect critical electrical systems
and components. Industry-leading products such as SCS Parylene HT, which is capable of
withstanding temperatures up to 450°C, help serve the needs of Original Equipment Manufacturers
(OEM), Tier 1 and Tier 2 manufacturers in this evolving market. Automotive operating environments
often range from -40°C to higher than 350°C. In addition, many applications also experience
prolonged exposure to UV light. Parylene HT offers measurable UV stability after more than

2,000 hours of UV exposure (ASTM G154).

3 Rakesh Kumar, F. Ke, A. Summers, L. Young. (2016). A high temperature vapor phase conformal coating for improving
reliability of harsh environment electronics. 39th International Spring Seminar on Electronics Technology (ISSE).
DOI:10.1109/ISSE.2016.7563174
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In general, SCS Parylene-based conformal coatings provide excellent moisture barrier, chemical
barrier and electrical isolation properties that protect automotive components against corrosive liquids,
fluids, gases and chemicals, even at elevated temperatures. While several conformal coating variants
offer similar properties, none provide all the properties that Parylene HT offers. Parylene HT stands
out for the specific protection it offers the automotive industry.

With the accelerated development of electric, hybrid and fuel cell technologies, Parylene conformal
coating have been demonstrated to offer exceptional dielectric properties, ensuring that the high level
of power required for operating these electronic systems will not be weakened or distorted. Power
inverters often rely on conformal coatings for their moisture barrier and electrical isolation properties.
Additionally, conformal coatings are being increasingly used by electric vehicle charging station
manufacturers due to harsh outdoor conditions that impact the functionality of these stations and
vehicle charging connectors. Fuel cells operate in the midst of corrosive compounds at elevated
temperatures, a very harsh environment for electronics. A selection of conformal coatings, including
Parylene HT is chemically structured to provide the level of protection that these components require.

For examples of automotive applications that require Parylene HT conformal coating to ensure
trouble-free operation refer to Table 3-2.

3.1.2.3 Aerospace & Defence

SCS'’s lightweight coating solutions are used in weight-sensitive components in aircraft, space probes
and uncrewed aerial vehicles (UAVs). Conformal coatings are often relied on to protect electronics
and components from moisture, fumes and dust in the harshest environments, chemical and
biological agents, and subsequent decontamination processes. Applications of conformal coating in
the aerospace and defence comprises of electronic devices within defense aircraft, missile and
ground systems to components that must operate in the depths of space, ensuring long and trouble-
free life.

Aerospace and defence applications are exposed to a wide range of temperatures. Parylene HT
coatings provide thermal stability to ensure functioning of components within these harsh operating
environments that span from the cryogenic levels of space (-150°C to -273°C) to extreme
temperatures of 450°C.

For examples of aerospace and defence applications that require Parylene HT conformal coating to
ensure trouble-free operation refer to Table 3-2.

3.1.2.4 Medical devices

SCS has applied their medical coating experience and technologies to support a range of medical
device applications from elastomeric seals and forming mandrels to electrosurgical devices
instruments, infusion devices and long-term implants such as stents. SCS offers biocompatible and
biostable Parylene coating solutions for medical devices and components to ensure excellent
moisture, chemical and dielectric barrier protection.

Parylene HT offers additional low coefficient of friction where lubricity is important. In addition, it
provides superior performance when compared to other Parylene to protect the Human body from
electronic impulses and other functional inevitabilities — vibrations, etc. — that are required from
efficient operation, while safeguarding the device itself from often harsh bodily fluids. Likewise, its
pinhole-free coverage prevents internal leakage into, or incursion from, the bodily environment.
Parylene HT is exceptionally stable biologically, chemically and electronically, which provides an
effective electrical insulator that will not degrade in the presence of electrical current. It resists
solvents and is insoluble at temperatures to 150°C. These factors generate reliable consumer safety
under most performance circumstances, for the majority of Parylene’s uses. Parylene HT is also the
preferred choice for medical electronics. For examples of medical applications that require Parylene
HT conformal coating to ensure trouble-free operation refer to Table 3-2.
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3.1.2.5 Summary of applications

Table 3-2 lists Parylene HT coating applications in key industries where the coating offers a superior
and critical advantage in comparison to other coatings. Description of the properties required for
applications are also given. Applications or products that are commercialised in the EU market have
been also listed, highlighting the reasons for using Parylene HT conformal coating to ensure their
functioning performance.
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Table 3-2 Parylene HT coating applications in key industries

Industry / market sector | Description of the properties required for Applications / products (EEA market) Functionality of Parylene HT conformal
applications coating

Electronics and m Inert barrier protects against moisture, chemicals, Chemical resistance & Thermal stability

semiconductors salts, solvents

m Exceptional UV stability UV stability

m Thermal stability — up to 350°C long-term, 450°C
short-term

m Optical clarity and uniform, ultra-thin nature
ensure signal transmission is never lost or
distorted

m Low dielectric constant and dissipation factor

Advanced adhesion technologies ensure coating

properties of remain intact

Thermal stability & moisture barrier

Thermal stability
Thermal stability
Thermal stability

Automotive /
Transportation

Thermal stability
Thermal stability

Ultra-thin and lightweight

Moisture, chemical and solvent barriers

Low dielectric constant and dissipation factor
Superior thermal stability (-40° C to 350° C)
UV stability

Excellent crevice and multi-layer penetration
Thin films add minimal mass to delicate
components

Thermal stability

Chemical resistance, UV & Thermal
stability

Thermal stability & Dielectric properties
Chemical resistance, UV & Thermal
stability

Thermal stability

Aerospace & Defence Ultra-thin and conformal

Moisture and chemical barrier

Low dielectric constant and dissipation factor
Thermal stability and UV stability

Excellent crevice and multi-layer penetration
Ultra-thin films add minimal mass to delicate
components

Thermal stability
Thermal stability

Thermal stability
Thermal stability
Thermal stability

Thermal stability
Thermal stability

CBI 2
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Industry / market sector | Description of the properties required for Applications / products (EEA market) Functionality of Parylene HT conformal
applications coating
Thermal stability
UV stability
Medical devices m Biocompatibility and biostability Low dielectric constant & dissipation factor

m Excellent moisture and chemical barrier and
antimicrobial properties

m Excellent dielectric properties

m Excellent crevice and multi-layer penetration

m Ultra-thin films add minimal mass to delicate
components

m Surgical jaws for cutting and cauterizing, coating
used for electrical isolation.

m Used as a release agent in moulds

Biocompatibility, crevice penetration
Thermal stability
UV stability
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3.2 PFAS substance(s) in use and volumes of use

Parylene HT® dimer

Parylene HT® dimer is a fluorinated variant of Parylene N, with the eight hydrogen atoms on the
aliphatic chain replaced by fluorine atoms. The Parylene HT® dimer is a crystalline solid and is used
in the subsequent conformal coating operations.

Galentis (a SCS company) produces the dimer at their plant in Marcon, Italy and has registered
Parylene HT® dimer under REACH, in the tonnage band of 1-10 t/year. The Figure 3-1 shows
substance identification details as extracted from the ECHA Registered Dossier webpage®*.

Figure 3-1 Parylene HT® dimer REACH dossier substance identification.
(Taken from ECHA website)

Parylene HT® polymer

The conformal coating of Parylene HT® dimer carried out at the SCS sites in the EEA consists of a
chemical vapour deposition (CVD) of the Parylene HT® dimer that leads to the polymerisation of
Parylene HT onto the materials or items’ surfaces.

It must be noted that the content of the Parylene HT polymeric film on the articles is very low. SCS
conformal coats ca. 1 million units a year using the Parylene HT® dimer, which is converted to its
polymeric form via the CVD process. As the fluoropolymer coated resulting films is typically <30
microns thick, it is essentially massless in the coated item or component, which represent less than 1
ton of Parylene HT® dimer of use per year.

It should be noted that the use of the Parylene HT® dimer for the coating process takes place in the
EEA and coated articles can be either used inside or outside the EEA. The actual share of those
coated articles eventually sold in the EU is not known to SCS.

In addition, as SCS’s customers depend on these components to be Parylene HT conformal coated
for the successful functioning of their electronic and medical devices, SCS wishes to highlight the
importance of the use and the difficulty to identify alternatives for such demanding applications. This
is a main concern for electronic equipment manufacturers, as for these applications the coating needs
to display sufficient protective features in a wide range of harsh conditions (temperature, UV
resistance, chemical agents, mechanical stress) as well as to provide excellent moisture, chemical
and dielectric barrier properties, dry-film lubricity, and biostability and biocompatibility.

4 https://echa.europa.eul/it/registration-dossier/-/registered-dossier/34346
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3.3 Market overview

3.3.1 Supply chain

The supply chain of SCS, which is relevant to the Parylene HT conformal coating services, is as
below:

m  Galentis s.r.l. (a SCS company) produces Parylene HT® dimer in Italy and supplies it to the
coating facilities of SCS located worldwide. This means the dimer is produced in the EEA.

m  SCS receives service orders to perform Parylene HT-based conformal coating from customers
worldwide. Depending on the logistic and proximity, the conformal coating of SCS’s customers
articles may be carried out either in coating centers located in the EEA or outside the EEA.

m  Customers receive coated articles and components and can further resolve their destination to
finalise and commercialise finished products.

m  Final devices (containing the very small concentrations of Parylene HT polymer) will eventually
be sold in the EEA and the rest of the world. The actual share of those coated articles eventually
sold in the EU is not known to SCS.

3.3.2 Sales of Parylene HT conformal coating services by SCS

Table 3-3 shows the sales as of 2022 of SCS and Galentis as well as market share in the EEA and
estimated future trends of Parylene HT conformal coating. SCS expect an increase demand for the
Parylene HT conformal coating in the range of 20% per year.

Table 3-3 Sales revenues and market share in the EEA

Sold item Volumes sold Value of sales Estimated market Estimated future
(massl/year or (in €) share in EEA (%) trends
units)

ca. 20% increase

I I I
per year
I I I

Parylene HT® dimer

Parylene HT coating ca. 20% increase
services per year

Galentis supplies all Parylene HT® dimer used by SCS. SCS have two unique use agreements in
place in the EU to allow the dimer to be used in R&D environments to develop new products.

3.3.3 Market trends

The global Parylene conformal coating market is anticipated to grow at a considerable rate between
2022 and 2030. In 2021, the market grew at a steady rate and with the rising adoption of strategies by
key players, the market is expected to grow over the projected time horizon®. Likewise, the global
Parylene conformal coating market size is projected to reach 500 million USD by 2027.

According to Grand View Research report® the overall global conformal coatings market size was
valued at USD 930.89 million in 2021 and is expected to expand at a compound annual growth rate
(CAGR) of 5.9% from 2022 to 2030. The growth of conformal coatings depends on their use in
various automotive, medical, consumer electronics, and aerospace and defence applications. With
the increasing need for miniaturised circuitry and electronic devices, conformal coatings demand has
observed a rise in the modern PCB-related applications.

In 2017, Europe accounted for 23% of the total volume share, on account of high product demand
from various end-use industries including automotive and transportation, electrical and electronics,

5 2030 | Parylene Conformal Coating Market Research - MarketWatch

6 Conformal Coatings Market Size Report, 2022-2030 (grandviewresearch.com)
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and medical among others across major countries including Germany, France, Italy, Spain U.K.,
Russia and Poland.

Some of the largest manufacturers of Parylene conformal coating market worldwide are:
m  Kisco (Parent company of SCS, Parylene dimers and coating service supplier)

m  Galentis SRL (Parylene dimers supplier)

m  Para Tech (Curtiss-Wright)

m  Stratamet Thin Film

m  Chireach Group

m  Penta Technology

m  Huasheng Group

According to Dataintelo report’, the main growth factors accelerating the expansion of the Parylene
conformal coating use can be summarised as below.

m Increasing demand for Parylene coatings in medical devices and implants owing to its
biocompatibility and non-toxicity properties;

m  Ascending demand for Parylene coatings from the semiconductor industry due to its superior
electrical insulation properties;

m  The growing use of Parylene coatings in aerospace and defense applications is due to their
thinness and excellent thermal, mechanical, and chemical resistance properties.

m Increasing adoption of Parylene coatings in automotive applications due to their ability to protect
components from wear and tear, corrosion, and abrasion damage.

3.4 Control of Emissions and description of risk management measures

3.4.1 Parylene HT® dimer production process

Galentis is involved in the production of different Parylene dimers, including the fluorinated Parylene
HT® dimer. Galentis produces the Parylene HT® dimer at their manufacturing site in Marcon, Italy.

Galentis supplies the Parylene HT® dimer to the SCS coating centers located in the EEA (European
Economic Area) and outside the EEA, where the conformal coating activities are carried out. Galentis
operations are coordinated with SCS, who are the sole users of their Parylene dimers.

The sections below describe the manufacturing process of the Parylene HT® dimer and the
organizational and technical risk management measures in place at Galentis sites to prevent and
minimize the exposure to workers, general population and the environment.

3.4.1.1 Process description

The manufacturing process of Parylene HT® dimer can be outlined with the following steps:

1. Loading of raw materials: the reagents mainly consist of || GGcNEzNzNINGEGEGEGEGE

CBI 1

I The loading of the reagents in the reactor

follows a specific procedure which includes both automatic and manual processes. | NGz is
introduced in the process by an automatic system and reacts completely. Galentis has registered
I 25 an isolated intermediate under REACH under Strictly Controlled Conditions, which
have been verified by the Italian Competent Authority. The remaining reagents are introduced in
the process manually.

7 Parylene Coating Market Report | Global Forecast From 2022 To 2030 (dataintelo.com)
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2. Production: the production process of Parylene HT® dimer involves both automatic and manual
operations that are carried out under closed and semi-closed conditions. These steps include the
mixing, the chemical reactions, and the physical processes (cooling, centrifugation, distillation,
dilution, dissolution, and filtration). The process ends with the production of the solid Parylene
HT® dimer as a powder. The Parylene HT® dimer is then manually introduced in dryers to obtain
the final Parylene HT® dimer, as a solid dry powder;

3. Packaging: the Parylene HT® dimer is manually sealed in specific containers that prevent any
possible release of the substance. The packaging consists of two sealed layers of polythene,
which is further embedded in a cardboard box. The boxes are then stored in a specific room
waiting for the final marketing;

4. Sampling and Analysis: throughout the whole process, the sampling and analysis of Parylene
HT® dimer is required both for quality and for Health Safety Environment purposes.

Exhaust air and liquid/solid hazardous wastes deriving from the intermediate reactions that may be
contaminated with Parylene HT® dimer are properly managed to prevent and minimise worker
exposure and environmental emissions. The sections below provide the details of the risk
management measures.

3.4.1.2 Risk management measures

In general, chemical exposure of workers and emissions to the environment are prevented, assessed,
and managed by means of organisational and risk management measures, as required by Regional,
National, and European regulations related to OSH (Occupational Safety and Health), Environmental,
Product Stewardship and Quality, and by internal policies.

Organizational risk management measures

For Galentis standard procedure, all personnel are required to be trained to follow the operating
instructions provided for carrying out all activities, as required by the internal procedure relating to
staff education/training, in order to carry out the activities for which they are responsible. The
operating instructions include process manufacturing sheets, cleaning instructions sheets, analytical
methods, sampling methods, etc.

Health, Safety and Environment

To meet the OSH regulatory and internal policy requirements, Galentis has implemented a health and
safety management system aimed to protect workers and customers present in the plant. The
implementation of this system was preceded by an initial safety analysis and an accurate risk analysis
and assessment, performed according to the National OSH regulation, which describe the
workplaces, the activities carried out, the dangers and risks, and the prevention and protection
measures adopted.

The health and safety management system is documented by the Health and Safety Management
Manual and by the Safety Procedures referred to in the manual.

The manual has been structured in accordance with the following regulatory requirements:

m Legislative Decree 81/2008 “Implementation of article 1 of the law of 3 August 2007, n. 123,
regarding the protection of health and safety in the workplace".

m Legislative Decree no. 109/2008 “Supplementary and corrective provisions of Legislative Decree
April 9t 2008, no. 81, concerning the protection of health and safety in the workplace”.

m  OHSAS 18001 standard "Management systems for the protection of health and safety in the
workplace".

On a voluntary base, Galentis has adopted an Organisation, Management and Control Model,
pursuant to Legislative Decree 231/2001, another control system that the company has adopted in
order to comply with the aforementioned Decree.
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With regard to the environmental aspects, Galentis has implemented specific operating procedures
that apply for the protection of the environment, in accordance with the relevant Regional, National
and European legislation.

The procedures have been structured in accordance with the following regulatory requirement:
m  Legislative Decree 152/06 “Environmental code”

It should be noted that solid and liquid waste that might be potentially contaminated by Parylene HT®
dimer are sent for incineration to authorised companies. With specific regard to the liquid waste, the
Veneto region decree 45/2019 request the company receiving the liquid wastes from Galentis to
assess both the Fluorine, the Parylene content and the Lower Heating Value (LHV) to evaluate the
efficiency of the abatement technology.

According to the REACH requirements, the Parylene HT® dimer has been registered (1-10 t/year)
and the SDS (Safety Data Sheet) is produced.

System maintenance and cleaning operations

The maintenance operations of the equipment used in production can be divided into routine and
contingency:

®  Routine maintenance includes all the interventions carried out to prevent malfunctioning and
maintain normal operations, to guarantee the safety of the environment, and personnel and
product quality.

m  Contingency maintenance includes all the interventions carried out in order to restore full
operations, after breakdowns or other technical problems.

Inspection, control and calibration interventions are scheduled annually and include the inspection of
equipment, machinery, pipes and line material, which contain toxic gases or flammable solvents and
the calibration of critical instruments for safety or the quality of the product. All maintenance
interventions can be carried out both by internal personnel and by qualified external personnel,
depending on the type of instrumentation, machine or system to be controlled. Depending on the type
of maintenance intervention, a specific procedure applies.

Technical risk management measures
Workers

All workers involved in the production process of Parylene HT® dimer are instructed and trained about
the hazardous properties of the final product, and the SDS relating to the materials used in the
process, the use of personal protective equipment and the relative work sheet, which describes all the
operations to follow.

The plant is equipped with a general air ventilation system (Air Change per Hour (ACH): [l m3/h).
For the Parylene HT® dimer, where it is not possible to operate in a full closed system, a localised
aspiration system is applied. Any reaction fumes captured from the general and local ventilation, are
neutralized by means of a column abatement system with an alkaline recycling solution.

According to the occupational risk assessment, during the different steps of the production process
the workers are equipped with the appropriate Personal Protection Equipment (PPE):

m  Tyvek® overalls/coats: UNI EN ISO 13982 Protective clothing for use against solid particles -
(type 5 clothing) + UNI EN 13034 Protective clothing against liquid chemical agents (type 6
equipment).

= Nitrile gloves (disposable): UNI EN 374-1/2 Protective gloves against dangerous chemicals and
microorganisms + UNI EN 455-1/2 Disposable medical gloves.

m  Rubber gloves: UNI EN 374-2 Protective gloves against dangerous chemicals and
microorganisms.

CBI1
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m  Filtering Facial Mask: UNI EN 149 Respiratory protective devices - Dust filtering half masks.

m  Half Mask or Full-Face Mask matched with filters: UNI EN 140 Respiratory protective devices -
Half masks and quarter masks; UNI EN 136 Respiratory protective devices. full face masks; UNI
EN 14387 Respiratory protective devices - Gas filters and combined filters.

Safety goggles: UNI EN 166 Personal eye protection.

According to the OSH legislation, an occupational monitoring scheme is in place.

The most recent occupational monitoring related to || GcNNEEEEEEEEEE

Y o firms that the

worker exposure to Parylene HT® dimer, are below the TLV-TWA set by ACGIH | Gz
I

Environment

The production of Parylene HT® dimer requires the treatment of exhaust air and the management of
solid /liquid wastes. To prevent leaching to the groundwater, the Galentis site area is fully
impermeabilised and any rinse waters are collected separately and managed as liquid waste by the
authorised external company by mean of incineration. To prevent leakage, the scrubbers are also
equipped with containment tanks.

As required by the local Environmental legislation, an environmental monitoring scheme is place.

Exhaust air: any process fumes or gases coming from the water and/or glycol condensation systems
of the reactors and vacuum pump assemblies are neutralised and removed by different scrubbers
consisting of a multi-column suction and abatement system with recycling of the alkaline solution of
water and caustic soda. Each Individual reactor is connected to the scrubbers by a closed system,
while localised aspirators convey vapors/dust into the scrubber where not possible to operate in a full
closed condition.

On six-monthly and annual basis, sampling is carried out at the stacks of the abatement systems by
an accredited external laboratory, which will carry out the environmental analyses for the emissions.

According to the most recent monitoring || | | . t-c air emission from the chimney is
characterized as follows:

= Parylene HT® dimer: <Limit of Detection (LOD) [ GcNcNENGNGNGNGNGNGNNEEEEEEEEE
I

The results have been further confirmed by the most recent monitoring || | GcNIEGNGNG o the
solid waste generated from the abatement solution generated from the scrubber, which is
characterised as follows:

= Fluorine content:< Limito f Quantification (LOQ) [ KGTGcNEGNGNNNEEEEEE
|

= Parylene HT® dimer: <LOQ [

= Lower Heating Value (LHV): [ N

Solid and Liquid waste: Galentis approximately produces [J] (10-100) tons/month of industrial waste
(including solid and liquid wastes).

With regard to the management of solid waste:
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m  Exhaust sails, generated from the intermediate stages of production are identified with the
European Waste Code® (EWC) 07.07.10* "Other filtration residues and spent absorbents", placed
in ADR approved steel drums, stored in a dedicated area, and subsequently sent to an
authorised center for incineration.

m Different types of solid wastes, including packaging contaminated with the substance (bags) and
used disposable PPE, etc., are also managed. Depending on the type, they are identified with the
EWC 15.02.03 "Absorbents, filter materials, rags and protective clothing, other than those
referred to in item 15.02.02*", or with 15.01.10* "Packaging containing residues of dangerous
substances or contaminated by such substances”, transferred from the production departments to
dedicated containers for temporary storage, and subsequently sent to an authorised center for
incineration.

= According to the most recent monitoring | | | | | S the solid waste generated from
the process is characterised as follows:

- Fluorine content: |
- Parylene HT® dimer: |
- Lower Heating Value (LHV): NN

With regard to the management of liquid wastes:

m  Wastewater generated from process water contaminated by solvent, from the abatement solution
of the scrubbers and from rainwater collected during the first 30 minutes of precipitation, are
identified with the EWC 07.07.01* "Aqueous washing solutions and mother liquors", transferred
from the production department to dedicated tanks for temporary storage, and subsequently sent
to an authorised center for treatment/disposal for incineration.

®  Organic solvents are identified with the EWC 07.07.08* "Other bottoms and reaction residues”,
transferred from the production department to dedicated tanks for temporary storage, and
subsequently sent to an authorised center for treatment/disposal for incineration.

= According to the most recent monitoring || | | | | . thc liquid waste generated from
the process is characterised as follows:

- Fluorine content: | EEEEE— 8
- Parylene HT® dimer: |
- Lower Heating Value (LHV): [ EEEEEEE

3.4.1.3 Overview

Overall, the production process of Parylene HT® dimer is subject to a rigorous containment, which is
achieved by the technical design of the process and the equipment aimed at preventing the releases
for workers and environment. The efficiency of the containment measures for Parylene HT® dimer are
further confirmed by the mass balance and by the occupational and environmental analytical
monitoring, which is periodically carried out as required by the OSH and Environmental legislations.

With specific regard to the end of life, all the solid and liquid wastes generated from the production
and contaminated with Parylene HT® dimer, are collected and disposed of by means of incineration.
3.4.2 Parylene HT® conformal coating process

The Parylene HT® dimer produced by Galentis, is supplied to different SCS sites involved in the
conformal coating activities. The SCS sites are located both in and outside of the European Economic

8 https://ec.europa.eu/eurostat/documents/342366/351806/Guidance-on-EWCStat-categories-2010.pdf/0e7cd3fc-c05¢c-47a7-
818f-1c2421e55604

CBI1

CBI 1
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Area; with regard to the EEA, there are two Sites involved with conformal coating operations using
Parylene HT®:

m  Coating Center, Plzer, Czech Republic;
m  Coating Center, Pliezhausen, Germany;
m  Coating Center, Dublin, Ireland (still not involved in the use of Parylene HT® dimer);

Two additional SCS sites involved in the conformal coating process of Parylene HT® dimer are
located in Europe, but outside the EEA:

m  Coating Center, Woking, United Kingdom;

m  Coating Center, La Chaux-de-Fonds, Switzerland

Each site is involved in similar activities:

m  Development of production process;

m  Conformal coating of sampling part from costumers (also called Engineering runs or E-runs);
m  Continued conformal coating of customers’ parts.

The section below provides a qualitative description of the conformal coating process of the Parylene
HT® dimer and the organisational and technical risk management measures in place at SCS’s EEA
sites to prevent and minimise the exposure to workers, general population and the environment.

3.4.2.1 Process description and risk management measures

Overall, the conformal coating of Parylene HT® dimer carried out at the SCS'’s sites in the EEA,
consists of a CVP process of the Parylene HT® dimer, that leads to the polymerisation of Parylene
HT® onto the material's / part’s surface.

In general, chemical exposure to workers and emissions to the environment are prevented, assessed,
and managed by means of organisational and risk management measures, as required by Regional,
National, and European regulations related to OSH, Environmental, Product Stewardship and Quality,
and by internal policies. All the SCS sites have adopted the ISO 9001 certification scheme to
strengthen the quality management system.

The conformal coating process of Parylene HT® dimer, can be described as follow:

m  Loading: The Parylene HT® dimer is received from Galentis together with the Safety Data Sheet
(SDS), as solid powder packaged and sealed in two layers polyethylene (PE) anti-static bags
(maximum 10 kg). Then, the dimer is manually scooped from the bag into a ‘boat’ (a horizontal
cylindrical stainless steel container), which is weighed on a benchtop scale. The weight ranges
from a few grams up to 1 kg, but typically a few hundred grams are sufficient for the conformal
coating process. Finally, the “boat” and the dimer is manually transferred into the Parylene
Deposition System (hereafter PDS), which is then closed. The PDS is also loaded with the
material/part to be coated.

The whole step takes around one minute. The personnel involved in weighing and transferring
the dimer from the container to the scale and from the scale to the PDS, are equipped with
protective gloves and Electrostatic Discharge (ESD) type coat, while no mask and located
ventilation are considered necessary. According to the REACH Registration dossier, the 95.78%
of the total particle size distribution of Parylene HT® dimer is > 75 pym, while 1.61% is < 45 pym;
the occupational monitoring carried out on particulate exposure to workers during this step, has
indicated that the generic Occupational Exposure Limits (OELS) for respirable and inhalable
fraction are not exceeded neither during the weighing nor during transfer to the machines. With
regard to the exposure to the vapor phase of Parylene HT® dimer, no monitoring or modelling
data is available, but this is considered unlikely due to the chemical physical properties of the
substance.
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The extreme low exposure to workers is confirmed by ART (Advanced Reach Tool) modelling;
nevertheless, to further reduce the possibility for release of particulate during this step, SCS is
considering the installation of a ductless hood and the incineration of the filters.

All the empty bags and disposables potentially contaminated with the dimer, are managed as
solid waste by means of incineration in the German Site, according to the local waste
management requirements. For the other EU Sites, where the landfill is adopted according to the
European waste management requirements, SCS is considering extending the voluntary
incineration option.

m  Conformal coating: The conformal coating process takes place entirely under the Vacuum
system. The process starts with the Parylene HT® dimer in solid powder form and ends with the
Parylene HT® Polymer film coated onto the material, through the Gorham Process.

Figure 3-2 outlines the starting Parylene HT® dimer and final Parylene HT® polymer product.

Rl CF, __
| \\ / Cworham Process |- F B F
\ =+ )1

Falt CFz

Parylene HT dimaer Parylene HT Polymer

Figure 3-2 Gorham Process

Parylene coatings are applied at ambient temperatures with specialised vacuum deposition
equipment. Parylene polymer deposition takes place at the molecular level, where films
essentially ‘grow’ a molecule at a time.

Below, the single steps of the process are described in more detail:°

- Sublimation: In the first step of the process, the powdery raw material, called dimer, is
heated. As the temperature approaches 150°C, the dimer sublimates into a gas without
passing through a liquid state. At this point, the dimeric gas is ready to pass into the next
stage of the deposition process.

- Pyrolysis: The dimer gas actually consists of two Parylene molecules, bonded together. In
the pyrolysis stage, the gas is further heated in a furnace to temperatures as high as 700°C.
The heat splits the molecules apart, creating a reactive monomer. That monomeric vapour is
what becomes the Parylene conformal coating when it reaches the item to be coated in the
deposition stage.

- Deposition and Polymerisation: The PDS containing the dimer and the items to be coated
is depressurised to create a vacuum. The vacuum moves the vaporized dimer through the
pyrolysis zone and into the deposition chamber. In that chamber, which is maintained at
normal room temperature, the Parylene monomer vapor turns into a polymer, coating
everything inside the deposition chamber. During the deposition process, the Parylene gas
cools without having any meaningful heating effect beyond a few degrees on the items being
coated.

9 https://www.paryleneconformalcoating.com/conformal-coating-education-center/parylene-chemical-vapor-deposition/
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Because Parylene is applied as a gas, the coating effortlessly penetrates crevices and tight areas on
multi-layer components, providing complete and uniform encapsulation. Optimal thickness of the
Parylene coatings is determined based on the application and the coating properties desired. While
Parylene coatings can range in thickness from hundreds of angstroms to several mils, a typical
thickness is in the microns range.

Figure 3-3 shows the three steps of the deposition during the coating process: vaporization, pyrolysis
and deposition.

Figure 3-3 Parylene Vapor Deposition Polymerization (VDP)

m  Unloading of the coated materials / parts: During the conformal coating process all the
Parylene HT® dimer is consumed; the coated material/component is then unloaded from the
deposition chamber, packaged and stored before the shipping to the costumers.

The potential for exposure to Parylene HT® dimer for workers and emissions to the environment
during the coating process, either as dimer or monomer, are extremely low because of the technology
behind the chemical vapour deposition process, which is a fully enclosed vacuum system. With
specific regard to the exhaust containing Parylene, as the gas exits the chamber, a pump pulls it
though a cold trap. That trap, which is usually cooled to extreme subzero temperatures, causes all the
remaining Parylene to solidify so that the solid phase can be neutralised and disposed of as solid
waste; following the neutralisation with a base, the waste still contains the CF2 group. As described
for the loading phase, this waste flow is managed by means of incineration in the German Site,
according to the local waste management requirements. For the other EU Sites, where the landfill is
adopted according to the European waste management requirements, SCS is considering extending
the voluntary incineration option.
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3.4.2.2 Overview

Overall, with the exception of the loading of the Parylene HT® dimer into the PDS, which is carried out
in open conditions for limited time and low quantities, and for which the monitoring of particulate
results below the generic OEL, the coating process employing the Parylene HT® dimer can be
considered a closed process where all the Parylene is consumed, with no or extremely low potential
for exposure to workers and environment.

Regarding the waste management, the only solid wastes generated from the process are the package
or disposables contaminated with Parylene HT® dimer and the solid by-product from the PDS’s cold
trap. These are currently collected and disposed of by means of incineration in the German site, while
this is being considered as voluntary option also for the other European sites, where these solid
wastes are currently managed by means of landfill.

3.4.3 Service life and End-of-Life
Service life

Despite the scientific literature about the Parylene family, no public available studies were identified
regarding the potential for release of Parylene HT during the service life of the final product. However,
SCS internal testing has confirmed that the chemical-physical properties confer stability under
different conditions and prevent form degradation, as required by specific applications. Therefore, the
release of degradation product is considered unlikely during the service life.

End-of-Life

The Directive 2008/98/EC (and following amendments, including the Directive 2018/851/EC), also
known as Waste Framework Directive!® (WFD), set the general framework and the targets for the
prevention and the management of the waste in the EEA in order to protect the human health and the
environment, with the exclusion of specific waste streams and in general of the industrial/non
industrial emissions to air, water and soil. According to the waste hierarchy, Member States need to
implement measures to meet higher targets for prevention, re-use, recycling, and the recovery of
waste (including energy recovery), while the disposal (including landfill) should be taken as last
option.

Similar to the principles that are applied over the whole life cycle of materials, the classification of
waste as hazardous and non-hazardous drives the following management options; the classification
of waste follows specific rules that can be done depending on the origin of the waste or depending on
the content of hazardous components. The EU Member States and the local authorities have the
authority to establish stringent management measures for hazardous wastes in case it is considered
necessary.

Concerning waste flows, the EC has established also specific legislation based on the Extended
Producer Responsibility Directive (EPRD) that further strengthen the framework and provide targets
for the prevention and the management of the specific waste flows. This is the case, for example, for
passenger/commercial vehicles, batteries and electric and electronic equipment.

Considering that SCS provides coating solution for components that are further assembled in complex
products for different end users and for different EU markets, it is impossible to provide specific data
regarding the end of life of such products.

Table 3-4 shows an overview of the End-of-Life legislation for each industry / market sector identified
by SCS. A list of studies related to the End of Life of the specific industrial / market sector is also
included.

10 https://fenvironment.ec.europa.eu/topics/waste-and-recycling/waste-framework-directive_en
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BASELINE SCENARIO

Table 3-4 Overview of the End-of-Life legislation for each industry / market

sector identified by SCS

Industry / Market sector

End of life legislations

Identified Bibliography

Electronics and semiconductors

Restriction of Hazardous
Substances in Electrical and
Electronic Equipment'! (RoHS)
and Waste from Electrical and
Electronic Equipment12 (WEEE)
Directives

- Ban of class of substances in
materials

- Specific target for recyclability
and recovery to be achieved by
the early design of material and
the implementation of end-of-life
management

Automotive / Transportation

Aerospace & Defence

End of Life Vehicle'® (ELV) and
Reusability, recyclability and
recoverability’® (RRR) Directives
- Ban of class of substances in
materials

- Specific target for recyclability
and recovery to be achieved by
the early design of material and
the implementation of end-of-life
management

WFD

- Some major aircraft
manufacturers are implementing
EV-like approach on voluntary
base

Medical devices

WFD

- waste that came in contact with
biological fluids and identified as
infective, are required to be
incinerated

- Alexandrov et al (2019), provides
the monitoring of degradation
products (low molecular weight
PFAS) generating from the
incineration of PTFE*®

- IATA (2018), commissioned a
study to identify the most critical
waste generating from the
dismantling operation of aircraft.
The PAMELA project
demonstrated the possibility of
recycling up to 85% of plane
components, a significant advance
on the earlier rate of 60%. These
activities were carried out in
response to the high number of
planes that will be retired within
the next few years and its
environmental and economic
impact.

- Patil et al (2022) provides an
overview of the waste
management of PBC (Printed
Circuit Board)*®

- Coffin et al, 2023 provides and
overview of the fate of PFAS from
municipal solid waste disposed of
in landfill*®

- The LIFE MED project
implemented a new integrated

management system for recovery
of discarded medical equipment
and biomedical devices in Italy.

1 https://environment.ec.europa.eu/topics/waste-and-recycling/rohs-directive_en
12 https://environment.ec.europa.eu/topics/waste-and-recycling/waste-electrical-and-electronic-equipment-weee_en

13 Manuela Wexler. Waste incineration of Polytetrafluoroethylene (PTFE) to evaluate potential formation of per- and Poly-
Fluorinated Alkyl Substances (PFAS) in flue gas. Chemosphere, 2019 (226), 898-906

14 IATA, Aircraft Decommissioning Study. 2018
https://webgate.ec.europa.eu/life/publicWebsite/index.cfm?fuseaction=search.dspPage&n_proj_id=2859#results

15 Trunal Patil, Lara Rebaioli, Irene Fassi. Cyber-physical systems for end-of-life management of printed circuit boards and
mechatronics products in home automation: A review. Sustainable Materials and Technologies, Volume 2020 (32)

16 Ethan s. Coffin, Donald M. Reeves, Daniel P. Cassidy. PFAS in municipal solid waste landfills: Sources, leachate
composition, chemical transformations, and future challenges. Current Opinion in Environmental Science & Health, 2023 (31)

18 https://environment.ec.europa.eu/topics/waste-and-recycling/end-life-vehicles_en
19 hitps://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX%3A32005L0064
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Industry / Market sector End of life legislations Identified Bibliography

This showed that it is possible to
correctly treat medical waste,
while reducing waste production
and managing it by means of a
specific characterisation of
medical WEEEY'.

4. ANALYSIS OF ALTERNATIVES
4.1 Performance requirements of conformal coating

4.1.1 Functionality of PFAS in conformal coating

Parylene HT replaces the alpha hydrogen atom of the Parylene N dimer with fluorine (Figure 4-1). The
resulting chemical structure confers greater electrical and mechanical properties, chemical inertness,
long-term thermal stability at high temperature exposure to over 350° C (short - term at 450° C) and
long-term UV exposure in comparison to the other Parylene variants and other thin coatings. Parylene
HT also has the lowest coefficient of friction and dielectric constant, and the highest penetrating ability
of the Parylenes.

Figure 4-1 Chemical structure of Parylene HT®
The main attributes that Parylene HT confers can be sumarised as below:
m  Extreme thermal endurance (melting point >500° C)
m UV stability
®m  Barrier properties against chemicals and moisture.
m  Low dielectric constant and dissipation factor
m  Biocompatibility and biostability

End use temperatures of electronics continue to increase as miniaturisation of devices occurs and
power requirements increase. Parylene HT has demonstrated to ensure low dielectric constant and
dissipation factor, which are very relevant for radio-frequency (RF) electronics to preserve signal
integrity and sensitivity. Likewise, Tin whiskers are a threat to reliability in lead-free assemblies and
mitigation is important. In many electronic devices, operating temperatures have increased, lead-free
solder has become more prevalent, while also being required to operate in high humidity, corrosive
environments.

In general, the demands of the electronics industry are increasing towards the need for safer
products, higher protection and higher reliability of various electronic components (pressure and
temperature sensors, PCBs, MEMs, optoelectronic devices, fuel cell components and nanoelectronic
parts, etc.). These requirements become more critical as electronic components become smaller and

e https://webgate.ec.europa.eu/life/publicWebsite/index.cfm?fuseaction=search.dspPage&n_proj_id=4991#results
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more complex. Parylene HT has exhibited to be a suitable thin organic coating that can provide much-
needed protection for advanced parts against harsh environments and is thermally stable at higher
temperatures.

4.1.2 Technical feasibility criteria

As mentioned above, the most common attributes that impact electronics applications include
chemical stress and moisture barrier, corrosion, UV exposure and extreme thermal exposure.
Parylene HT has shown to be the most versatile to fulfil these requirements in comparison to the other
Parylenes and even to other conformal coating options.

The key technical properties provided by Parylene HT are detailed below, which are sought to be
fulfilled by any potential alternative.

4.1.2.1 Thermal stability

Parylene HT has shown not to degrade at the thermal levels encountered during the manufacturing of
electronics, at temperatures up to 450°C. Parylene HT® has been demonstrated to survive continuous
exposure to air at 350°C, with short exposure (less than 24 hours) to 450°, while Parylene N, Paryfree
and Parylene C are expected to survive continuous exposure to air at 60°C, 60°C and 80°C,
respectively, for 10 years and in oxygen-free atmospheres, or the vacuum of space.

Note that in automotive operating environments temperatures often range from -40° C to more than
350° C. Likewise, aerospace and defence applications are exposed to a wide range of
temperatures. Parylene HT® coating provides thermal protection within harsh operating
environments that span from the cryogenic levels of space (-150° C to -273° C) to extreme
temperatures of 450°C.

4.1.2.2 UV stability

Although stable indoors, Parylenes N, C, D and ParyFree are not recommended for long-term use
when exposed to direct sunlight (UV light). Parylene HT exhibits significant resistance to UV light, with
no property degradation from accelerated exposures of up to 2,000 hours in air. Many aircraft
devices, e.g., sensors in landing gears, are not in an enclosure so they are exposed to reflective UV,
high humidity, corrosive atmospheric environments, and must function throughout the service life of
the aircraft.

4.1.2.3 Low dielectric constant and dissipation factor

One of the features of Parylene coatings is that they can be formed in extremely thin layers.
Parylenes, even in very thin layers, have excellent dielectric properties, withstanding voltages and
show low dissipation factor. It has also been demonstrated that the voltage breakdown per unit
thickness increases with decreasing film thickness. The low dielectric constant for Parylene HT in the
gigahertz frequency range is often of great interest to designers of high frequency devices. Exhibiting
the lowest dielectric constant among Parylenes, Parylene HT is particularly suited for these
applications. Many electronics and components are used in critical areas with great demand on
reliability.

4.1.2.4 Barrier properties and chemical resistance

Parylene HT® conformal coatings are excellent moisture and chemical barriers, providing protection
against corrosive liquids, fluids, gases and chemicals. Parylene-coated electronics have been tested
by an independent facility in accordance with the applicable requirements of IEC 60529, test
conditions 14.2.7 and 14.2.8 for IPX7 and IPX8 designations, which demonstrate protection from
harmful effects due to the ingress of water. The uncoated (control) electronics functionally failed
during the test, but the Parylene-coated electronics passed both test conditions, functioning normally
both during and after testing. These results indicate that Parylene conformal coatings are suitable to
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protect electronics and other devices against water splash and water immersion for more than 30
minutes at a depth of 1 m (IPX7) and 1.5 m (IPX8).

Parylenes resist chemical attack and are insoluble in all organic solvents at up to 150°C. Parylene
coatings minimally swelled after exposure to a host of chemicals, including harsh automotive and
aviation fluids (Table 4-2); however, the swelling completely reversed after the solvents were removed
by vacuum drying. Additional testing indicated no changes in the films’ physical or chemical
properties.

Figure 4-2 shows a salt fog test performed on a Parylene HT® coated PCB (left side) and on uncoated
PCB (right side). The salt fog test is an accelerated corrosion test in which specimens are exposed to
a fine mist of a solution usually containing sodium chloride. Parylene HT® coated boards did not show
any evidence of corrosion while the uncoated boards had salt and corrosion residue running vertically
down the PCB.

Figure 4-2 Parylene HT® coated (left side) and corroded uncoated PCB board
(right side) after salt fog test. Taken from Kumar. R, et al*®.

4.1.2.5 Biocompatibility and biostability

SCS Parylenes N, C and Parylene HT have been tested according to the biological evaluation
requirements. The biocompatibility and biostability of SCS Parylenes have been demonstrated in a
wide range of medical coating applications over the past four decades.

For applications requiring biocompatibility, it is vital to clearly understand the level of biocompatibility
required so that the optimum coating can be specified. Parylenes, used for decades on medical
devices including long-term implants, satisfy the key aspects of ISO 10993, addressing a range of
medical applications from surface and tissue contacting devices to long-term implants. In addition,
SCS Parylenes N, C, Parylene HT and ParyFree are certified to comply with the biological testing
requirements for US Pharmacopeia (USP) Class VI Plastics.

Likewise, Parylenes N, C, and Parylene HT have been tested with a variety of sterilisation methods,
including steam autoclave, gamma and e-beam irradiation, hydrogen peroxide plasma and ethylene
oxide. Post-sterilisation analysis evaluated the impact of these sterilising agents on Parylenes N, C
and Parylene HT samples against unsterilised control samples. Electrical, barrier and mechanical
properties were evaluated with results indicating these properties remained unchanged for most of the
tests across these Parylene variants.

20 Rakesh Kumar, F. Ke, A. Summers, L. Young. (2016). A high temperature vapor phase conformal coating for improving
reliability of harsh environment electronics. 39th International Spring Seminar on Electronics Technology (ISSE).
DOI:10.1109/ISSE.2016.7563174
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4.1.2.6 Service life length

The electronics that use Parylene HT conformal coating are parts of devices that may have a service
life spanning several years. Therefore, they must operate for at least as long as the longest expected
service life of the final device. Also note that in terms of the transition to the circular economy, major
emphasis is placed on equipment lasting longer and being able to be re-used and components being
able to be recycled.

The coated devices or components must be sufficiently durable and resistant to corrosion and other
chemical or environmental stress as well the continuous exposure to UV and high temperatures
during operation and due to environmental exposure in some cases.

4.2 Efforts made to identify alternatives

In general, there are several methods of making electronic components and devices more reliable
and protecting them from detrimental effects of both physical and operational environments. Among
the several desired areas of improvements, manufacturers of electronics are looking at the protective
materials, preferably in the form of thin film coatings with improved processing characteristics (e.g.,
hardness, lubricity), higher temperature integrity for potting, and even better dielectric strength.

Parylene coatings are known for their inertness, gas phase deposition, pinhole free, and excellent
barrier properties. The need for having a more stable coating at higher temperatures with excellent
electrical properties that can be deposited easily on various substrates has become more relevant for
reduced-size electronics. Therefore, any effort to find alternatives to Parylene HT must fulfil these
demands. Moreover, system reliability and efficiency of the electronics depend on the quality of
materials, packaging and how these devices are used. The packaging of these devices involves
material technology, manufacturing process, thermal management, and design optimisation related to
various performances of the devices. Therefore, the desire for more reliable components and proper
packaging is becoming more apparent as fewer field failures can be more cost efficient for
manufacturers.

4.2.1 Approaches to identify alternatives

Literature review involved searching into scientific publications for alternative, primarily polymeric,
coating materials for the various applications as described in section 3.1. The review also involved
researching into the most critical properties (thermal and UV stability, dielectric properties, barrier
properties and chemical resistance and biocompatibility) of the potential alternatives. The goal was to
create a shortlist of materials that can be further investigated via testing to determine if they can be
qualified.

Additionally, SCS research continues internally and with universities. Chemical modelling is used to
identify potential chemical substances. To date, nothing has been identified that comes close to
replicating the properties of Parylene HT.

4.2.2 Evaluation of identified alternatives

4.2.2.1 Parylene variants

SCS has carried a number of testing and experimental approaches to understand if the other
Parylene variants may perform at the level that Parylene HT does when used to coat applications that
demanded a greater level of protection for advanced parts against harsh environments, UV stability
and thermal stability at higher temperatures. Therefore, physical and chemical property data is
presented through comparison with the other coatings approaches and the commercially existing
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Parylenes that have been assessed as potential alternatives. These findings are largely described by
Kumar, et. al.?! and are hereby presented in a concise manner.

Table 4-1 shows a comparative assessment of key properties displayed by the different Parylene
variants and other traditional organic liquid coatings.

Generally, for electronics applications, moisture-insulation resistance tests are carried out in an
accelerated manner to evaluate the resistance of conformal coatings to the deleterious effects of high
temperature/humidity conditions.

Parylenes exhibit changes in mechanical properties with changes in temperature much as do other
materials. As oxidative chain scission is the most important mode of degradation for Parylenes,
freestanding films of Parylenes were physically analysed after exposure to constant elevated
temperature in air circulating ovens for periods of weeks to months. In oxygen-free atmospheres or in
the vacuum of space, the continuous service temperature projections exceed 200° C for both
Parylene N and C, whereas Parylene HT has ability to resist thermal oxidation up to 450° C both in
oxygen and oxygen-free atmospheres. Likewise, Parylene HT has shown to survive continuous
exposure to 350° C in air without any adverse property change for more than 1,000 hours. The
excellent thermal oxidative stability of Parylene HT in both air and inert environments is due to the
stable carbon-fluorine bond in the polymer chain.

Another factor in oxidative degradation is UV radiation exposure. While the oxidation of Parylene N
and C appears to be enhanced by exposure to UV radiation, Parylene HT has much higher
resistance. When exposed to an accelerated UV stability testing per ASTM G154, Parylene N and C
film survived less than 100 hours before yellowing or discoloration of the films occurred. However,
Parylene HT film was stable without any change in appearance or other visual properties for more
than 2,000 hours.

Parylene HT has shown to be excellent for use in electronics because of its bulk electrical properties.
The dielectric constant and dielectric losses are very low and unaffected by moisture absorption. The
bulk resistivities are advantageously high because of the purity of the Parylene HT its low moisture
absorption, and in particular its freedom from trace ionic impurities. The typical electrical properties of
Parylene HT are compared with other Parylenes and other organic liquid coatings in Table 4-1.

Generally applied much thinner than alternative liquid coatings, Parylene HT provides a pinhole-free
barrier to protect against various fluids as well as moisture, chemicals and common gases.

21 Rakesh Kumar, F. Ke, A. Summers, L. Young. (2016). A high temperature vapor phase conformal coating for improving
reliability of harsh environment electronics. 39th International Spring Seminar on Electronics Technology (ISSE).
DOI:10.1109/ISSE.2016.7563174
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ANALYSIS OF ALTERNATIVES

Table 4-1 Comparative key properties amongst Parylene variants and other traditional coatings

Property Parylene N ParyFree | Parylene C Parylene D Parylene HT® | Acrylic (AR) Epoxy (ER) | Polyurethane | Silicone
(UR) (SR)

Thermal stability

Continues service (°C) 60 60 80 100 350 82 177 121 260

Short term service (°C) 80 80 100 120 450 - - - -

UV stability (hour of Less than 100 - Less than 100 | - >2,000 - - - -

exposure )

Dielectric constant

60 Hz 2.65 2.38 3.15 2.84 221 - 3.3-4.6 4.1 3.1-42

1 KHz 2.65 2.37 3.10 2.82 2.20 - - - -

1 MHz 2.65 2.35 2.95 2.80 2.17 2.7-32 31-42 3.8-44 3.1-40

Barrier properties

Water absorption (%

after 24 h) Less than 0.1 Less Lessthan 0.1 | Less than Lessthan0.1 | 0.3 0.05-0.10 H 0.6-0.8 0.1

than 0.1 0.1

Note: Test methods and / or literature reference can be found in Kumar et. al.??> and SCS Parylene Properties 2.

22 Rakesh Kumar, F. Ke, A. Summers, L. Young. (2016). A high temperature vapor phase conformal coating for improving reliability of harsh environment electronics. 39th International Spring
Seminar on Electronics Technology (ISSE). DOI:10.1109/ISSE.2016.7563174

23 Technical Library | Specialty Coating Systems (scscoatings.com)
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Table 4-2 shows that Parylene HT films minimally swelled with exposure to automotive chemicals and
fluids; however, the swelling completely reversed after the solvents were removed by vacuum
drying.

Table 4-2 Chemical and fluid resistance of Parylene HT®

Chemical Parylene HT® film swelling

Automotive Fluids Heated to 90°C <2.5%
Antifreeze - 50% solution Engine Oil - 10W30
Transmission Fluid - Dexron Il Mercon

Automotive Chemicals Heated to 75°C <1%
Nitric Acid - 10% and 70% solutions

Sulfuric Acid - 10% solution

Sulfuric Acid - 95% - 98% solution

Automotive Fluids at Room Temperature <1.5%
Brake Fluid - DOT 3

Power Steering Fluid

Windshield Washer Fluid

Unleaded Gasoline - 87 Octane

Diesel Fuel

This comparative assessment indicates that Parylene HT is an excellent coating material for meeting
the growing requirements of protection and reliability of advanced electronics and components.
Parylene HT is well suited for electrical and environmental protection of various micro and nano
electrical components, biosensors, printed circuit boards and other electronic components operating
under many high temperature application conditions. Parylene HT is also suitable for contamination
and corrosion control, dry lubrication and protection of high density and highspeed integrated circuits.

4.2.2.2 Plasma coating and Liquid coating alternatives

Plasma coating and various traditional organic liquid coatings have been evaluated and some
experimentally assessed for their suitability to meet the technical requirements that Parylene HT
conformal coating confer to the application in scope. Table 4-3 summarises these findings, provides a
description of the alternative, assess and concludes on its suitability to substitute Parylene-HT
conformal coating.
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ANALYSIS OF ALTERNATIVES

Table 4-3 List of plasma coating and traditional organic liquid coatings potential alternatives evaluated by SCS

Alternative name Level of Identification / Description Discussion on suitability Conclusion
assessment

Plasma coating
Literature review | Plasma is an energy-rich gas state that can be used to Coatings applied by plasma can Not suitable.

Organic liquid coatings

Acrylic Resin (AR)

Literature review
and experimental
comparison with

Parylene HT

modify the surface of the product to improve its
performance.

Plasma technology is based on a simple physical
principle.

Matter changes its state when energy is supplied to it.
Solids become liquid, and liquids become gas.

If additional energy is then fed into a gas by means of
electrical discharge it eventually ionises and goes into the
energy-rich plasma state, the fourth state of matter!

The following are the application methods for traditional
conformal coatings:

Manual spraying - Conformal coating can be applied
with an aerosol can or handheld spray gun. It is generally
used for low volume production when capital equipment
is not available. This method can be time-consuming
because areas not requiring coating need to be masked.
Also, quality and consistency of outcome are operator-
dependent, so variations are common from board to
board.

change surface characteristics to
meet special product requirements
that include:

Adhesion promotion
Corrosion protection
Hydrophobic

Barrier (Gas and liquid)
Electrically-conductive
Hydrophilic
Anti-adherent

Depending on the application,
plasma coating deposits a coating
down into the microstructures of the
material surface.

This can be highly effective for
electronic circuit boards?”.

Acrylic conformal coating provides
fair elasticity and general protection.
Acrylic conformal coating is
recognised for its high dielectric
strength, and fair moisture and
abrasion resistance. What generally
distinguishes acrylic coating from
other resins is its facility for
removal. Acrylic coatings are easily
and quickly removed by a variety of
solvents, often without requiring

Does not provide UV-
stability and high
temperature stability

Not suitable.

It only offers dielectric
strength, but no other
requirement (e.g.,
Thermal stability, and
UV stability) is met

24 SCH Technologies. How can plasma treatment help my conformal coating process? Online publication How can plasma treatment help my conformal coating process? - Conformal Coating UK
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ANALYSIS OF ALTERNATIVES

Alternative name Level of Identification / Description Discussion on suitability Conclusion
assessment

Automated spraying — A programmed spray system that = agitation. This makes rework and

moves the board on a conveyor under an alternative even field repair very practical and

spray head that applies a conformal coating. economical. On the other hand,
acrylic coatings do not protect

Selective coating - An automated conformal coating against solvents and solvent

process that uses programmable robotic spray nozzles to | vapours, which could result in less-

apply the conformal coating to very specific areas on the | than-ideal performance for an

circuit board. This process is used in high volume application that involves harsh

processes and can eliminate the need for masking. An environments. Acrylic coatings can

applicator may have a built-in UV lamp to cure coating be considered basic, entry-level

immediately after it is applied. protection, because they are
economical and protect against a

Dipping - The circuit board is first immersed, then broad level of contamination.

withdrawn from the conformal coating solution. However, they are not the best-in-

Immersion speed, withdrawal speed, immersion time, and | class for any characteristic except

viscosity determine the resulting film formation. It is a possibly dielectric strength.

common conformal coating technique for high volume

processing. A great deal of masking is generally required

before the coating process. Dipping is only practical when

coating on both sides of the board is acceptable.

Brushing - Brushing is a simple application technique

used mainly in repair and rework applications. The

conformal coating is applied with a brush to specific

areas on the board. It is a low-cost method, but it requires

a lot of manual labor and is highly variable depending on

operator proficiency and consistency This method is best

suited for small production runs®®

Literature review Silicone conformal coating provides | Not suitable

Silicone Resin
(SR)

and experimental
comparison with
Parylene HT

excellent protection in a very wide
temperature range. SR provides
good chemical resistance and salt

spray resistance and is very flexible.

Silicone conformal coating isn’t
abrasion resistant because of its
rubbery nature, but this property

25 Techspray. The essential guide to conformal coating. Online publication Essential Guide to Conformal Coating | Techspray

Doesn't offer abrasion
resistance, it’s highly
porous, results in
thicker coatings and is
less conformal in
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ANALYSIS OF ALTERNATIVES

Alternative name

Level of
assessment

Identification / Description

Discussion on suitability

Conclusion

Urethane
(Polyurethane)
Resin (UR)

Literature review
and experimental
comparison with

Parylene HT

does make it resilient against
vibrational stresses. Silicone
coatings are commonly used in
high-humidity environments. Special
formulations that can coat LED
lights without colour shift or
reduction of intensity are available
and make SR conformal coatings a
popular choice for applications such
as outdoor signs. Removal can be
challenging, requiring specialised
solvents, long soak time, and
agitation from a brush or an
ultrasonic bath?

Urethane conformal coating is
known for its excellent moisture and
chemical resistance. It is also very
abrasion resistant. Combining those
factors with its solvent resistance
results in a conformal coating that is
very difficult to remove. Like
silicone, full removal generally
requires special solvents, long soak
time, and agitation with a brush or
an ultrasonic bath. Urethane
conformal coating is commonly
specified for aerospace applications
where exposure to fuel vapours is a
common concern.!!

comparison to Parylene
HT.

Not suitable at high
temperatures

Other coatings

Epoxy Conformal
Coating

Literature review
and experimental
comparison with
Parylene HT

Epoxy resins (ER) are usually
available as two-part compounds
and create a very hard coating.
Epoxy conformal coatings provide
very good humidity resistance and
are not generally permeable, unlike
traditional conformal coatings. They
also have high abrasion and

Not suitable
Hard coating
Does not meet UV-

resistance and high
temperature resistance
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ANALYSIS OF ALTERNATIVES

Alternative name Level of
assessment

Identification / Description

Discussion on suitability

Conclusion

chemical resistance. Typically, they
are very difficult to remove once
cured and are not as flexible as the
other materials. Epoxy coatings are
common in potting compounds,
which in contrast to conformal
coatings, completely cover the
electronics in a solid and level layer
of material. 1

Thin Film / “Nano” | Literature review

Coatings

Parylene F/VT-4 Literature review
and experimental

comparison with
Parylene HT

A coating is dissolved in a carrier solvent and applied
with a spray or dip method to create a very thin coat,
although not at a nanometer scale as the nickname
suggests. !

The placement of fluorine atoms in Parylene HT is on
alpha carbons (side chain fluorine — see figure 4.1) while
in Parylene F fluorine atoms are on the benzene ring (see
below chemical structure).

They are commonly used to provide
a minimal amount of hydrophobicity,
which may prevent losses from very
quick exposure to water. This type
of coating does not offer the level of
surface protection that other coating
methods do. 1

Parylene HT coating provides a
much better protection and reliability
enhancement than Parylene F
coating of electronics and medical
devices application when exposed
to high temperature and/or outdoor
environments.

Thermogravimetric analysis
demonstrate that Parylene F
undergoes thermal degradation
earlier than Parylene HT. Parylene
HT, with the high stability of C-F
bonds, has enhanced thermal
stability and thermal oxidative
stability.

In ASTM G154 testing (UV stability
test) Parylene F coating discolored,
cracked and flacked off the
substrate earlier before 750 h while
Parylene HT survived 2000 h
without any changes.

SCS worked on a project with a
customer to compare Parylene F

Not suitable

Does not meet any
requirement and carrier
solvents are frequently
fluorocarbon-based

Not suitable

Does not meet
temperature and UV
stability requirements.
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Alternative name Level of Identification / Description Discussion on suitability Conclusion
assessment

and Parylene HT perfomance at
high temperature. Both Parylenes
were subject to a continuous
temperature rating of 200° C (1000
h) and a short-term rating of 350° C
(1000 h). The customer’s internal
testing failed electrical tests after
1000 h at 200° C when devices
were coated with Parylen F, while
Parylene HT maintained
performance.

Specialty Coating Systems. Inc. Page 35 of 43





SPECIALTY COATING SYSTEMS, INC. RESPONSE REPORT TO ANALYSIS OF ALTERNATIVES
PFAS RESTRICTION PROPOSAL

Use of PFAS in the conformal coating of electronic components and

medical devices - PUBLIC

4.2.3 Overall conclusions on available alternatives

Overall, it is clear that none of the potential alternative materials and technologies are currently
suitable to substitute Parylene HT in the conformal coating of electronics uses in applications in
industry sectors such electronics, automotive, aerospace & defence and some medical applications.
While some of the alternatives can offer corrosion protection such as plasma coating, mechanical
flexibility (resin coating), dielectric strength (acrylic resin), there is no alternative that meets all
requirements, including thermal and UV stability, mechanical flexibility and as they require the
combination of thermal and UV stability with barrier/chemical resistance properties and dielectric
properties.

A PFAS-free alternative in conformal coatings would require extensive research and testing before
their technical feasibility can be assessed, as they are primarily used on applications that do not
require both UV and thermal resistance or other combined feasibility criteria.

As a conclusion, SCS and Galentis consider that, at the time of writing, there are no technically
suitable alternatives to their currently uses in conformal coating.

Table 4-4 summarises the evaluation of the identified potential alternatives and concludes that they
partially fulfil the required technical requirements to perform at the level that Parylene-HT conformal
coating does.

Table 4-4 Assessment of shortlisted, potentially suitable alternatives

Alternative Technical requirement
Thermal uv Barrier Low dielectric Biocompatibility
stability stability properties and constant and
chemical dissipation
resistance factor

Parylene HT®

Parylene variants

Plasma coating

Acrylic Resin (AR)

Silicone Resin (SR)

Urethane( Polyurethane)
Resin (UR)

Epoxy Conformal Coating

Thin Film / “Nano” Coatings

Green box - met requirement; - partially met requirement but not at Parylene HT® level;
Red box - not met requirement
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4.3 Substitution plan

4.3.1 Actions and timeline required for substitution

SCS estimates that, considering the current situation, with no non-PFAS alternatives currently
available, it could take minimum 10 years before substitution is possible.

The substitution process can be broken down in the following high-level phases:

Phase 1 — Development of alternative molecule, lab scale manufacturing, initial trials and process
development (minimum 5 years): SCS needs to carry out extensive research to identify the most
likely substitution candidates, before assessing their technical feasibility. Each iteration with an
alternative or set of alternatives can take up to five years, and includes evaluation of each alternative
at component, module and end-application level.

1.1. Development of alternative molecule (3 - 5 years per iteration)

a) Assess whether the potential alternatives meet specifications. (e.g., resistance to high
temperature, UV stability, electrical and barrier properties humidity, etc.)

b) In case a suitable alternative is not identified, repeat previous iterations until a suitable
alternative candidate is available on material level.

1.2. Lab scale manufacturing and process development (1 - 2 years)

a) Modify process (material application, baking time and temperature, storage) to produce
conformal coatings with required properties and performance.

1.3. Initial trials (1 - 2 years)

a) Perform experimental testing (initial tests on representative PCBs and other applications,
decomposition and lifetime, etc...)

b) Refine / make changes to material composition based on test results gathered.
c) Go back to phase 1.1 if the candidate is not a suitable option to pursue further.

Phase 2 - Qualification in products and customer acceptance (3 - 6 years): once an alternative has
been developed and validated in SCS’s process, the new conformal coating will need to be tested in
the customers’ products to assess whether it delivers the customer’s product specifications. It will be
necessary to run an intensive qualification programme to cover all potential failure modes.

2.1. Reliability tests (internal) (approximately 1- 2 year)
a) Life-time tests
b) Environmental stress tests
2.2. End-product qualification (customer site) (1 — 2 year)
2.3. Phase-out of existing material (component, WIP, end-product) (1 - 2 year)

It must be noted that, if anywhere on the process there is a result that results in the currently
assessed alternative not being technically feasible, the development process will need to move to
previous steps to modify the process or the material composition. If these modifications do not
succeed, it is possible that the process will move all the way to the beginning, with the selection of a
different potential alternative.

4.3.2 Factors affecting substitution

As discussed in Section 4.2, currently there are no technically feasible alternatives for conformal
coating fulfilling the technical criteria at the level that Parylene HT provides.
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The main difficulty is to identify a non-fluorinated alternative that can display high thermal and UV
stability to ensure a trouble-free service life of electronics and medical applications. The alternative
conformal coating process must ensure to offer extreme thermal endurance (>200° C) , UV stability,
barrier properties against chemicals and moisture, low dielectric constant and dissipation factor and
for some medical applications biocompatibility and biostability.

The alternatives discussed in Section 4.2.2 are not currently suitable and / or would require a
completely different technology than the one currently in use by SCS. Therefore, it is not certain that
an alternative can be identified with the first development iteration. This could set the substitution plan
back for an additional three years or even longer.

The minimum 10-year duration mentioned in Section 4.3.1 assumes that there will not be any other
unexpected delays, e.g., due to issues such as supply chain disruptions or failure to meet a
customer’s validation testing.

S. DEROGATION SCENARIO

51 Conformal coating is not described as a use by the restriction
submitters

SCS was not able to find references to conformal coating process as a use category / subcategory in
the proposed PFAS restriction document. SCS also did not find that the submitters described uses of
PFAS substances in conformal coating as a thin polymeric film protective layer applied to printed
circuit boards (PCBs). The same appears to be true for the coating of medical devices, where there is
no specific reference to conforming coating in this category/sub-category of use.

Although in Table 2 (PFAS main applications and sub-uses) of the restriction proposal document
(page 53)?° there is a mention about the use of PFAS substances in coating applications of electronic
components in the use category: electronics and semiconductors, it is not certain if this refers to the
use of fluorinated Parylene in the process of conformal coating to protect electronic components and
enhance their performance in certain conditions. It should be noted that in a related study, it is
acknowledged the use of fibre-reinforced fluoropolymer layer in PBC to achieve low dielectric
constants and allow for the separation of high voltage components 2’.

Therefore, SCS would like to request authorities to consider the following use within the scope of the
PFAS restriction proposal:

m  Use of Parylene HT® dimer (CAS 3345-29-7) in the process of conformal coating in
applications for electronics and medical devices when operative performance is required
to be maintained at a wide range of extreme temperatures (-40°C to higher than 350°C)
and/or with long-term UV exposure.

5.2 Proposed derogation(s) and request for additional derogations

5.2.1 Medical devices related derogation

SCS believes the use of Parylene HT in conformal coating of medical devices can be considered
covered by the derogation as marked as for “reconsideration as outlined in the condition of
restriction 20:

®  “The following potential derogations are marked for reconsideration after the Annex XV report
consultation:

26 Annex XV reporting format 040615 (europa.eu)

27 juliane Gluge, Martin Scheringer, lan T. Cousins, Jamie C. DeWitt, Gretta Goldenman, Dorte Herzke, Rainer Lohmann,
Carla A. Ng, Xenia Trieri and Zhanyun Wangj. (2020). An overview of the uses of per- and polyfluoroalkyl
substances (PFAS). Environ Sci Process Impacts1;22(12):2345-2373. doi: 10.1039/d0em00291g.
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j- [coating applications for medical devices other than Metered Dose Inhalers until 13.5 years
after EIF];".

Indeed, the restriction submitters acknowledge that there is weak evidence that technically and
economically feasible alternatives are not available (see below).

“Given the weak evidence that technically and economically feasible alternatives are not available at
EiF, the following potential derogation is marked for reconsideration after the Annex XV report
consultation: e [Coating applications for medical devices other than Metered Dose Inhalers (MDIs)]”

With the information provided in this report (section 4), SCS wanted to highlight that despite over 20
years of R&D they are still working to find alternatives that provide the same level of protection to
medical devices (and other applications) as Parylene HT conformal coating does.

In medical devices applications Parylene HT offers additional low coefficient of friction where lubricity
is important. It also provides superior performance when compared to other non-PFAS Parylene
variants to protect the patient’'s body from electric impulses and other functional inevitabilities —
vibrations, etc. — that are required from efficient operation, while safeguarding the device itself from
often harsh bodily fluids.

Parylene HT is also the preferred choice for medical electronics. Parylene HT is remarkably stable
biologically, chemically and electronically, which provides an effective electrical insulator that will not
degrade in the presence of electrical current. It resists solvents and is insoluble at temperatures to
150°C. These factors generate reliable consumer safety under most performance circumstances. as
for over

5.2.2 Transport vehicles derogation

On the other hand, SCS also understands that the use of Parylene HT based conformal coating in
electronic components of transport vehicles should be covered by the below derogation, given that
the proper functioning of many electronic components relies on high quality coating that consequently
contributes to the safety of vehicles.

0. [applications affecting the proper functioning related to the safety of transport vehicles, and
affecting the safety of operators, passengers or goods until 13.5 years after EiF].

Automotive operating environments often range from -40°C to higher than 350°C. In addition, many
applications also experience prolonged exposure to UV light. It is evident that components not
performing at these harsh conditions would compromise safety of vehicles. With the accelerated
development of electric, hybrid and fuel cell technologies, Parylene HT conformal coating has been
demonstrated to offer exceptional dielectric properties, ensuring that the high level of power required
for operating these electronic systems will not be weakened or distorted. For all these SCS supports
the need of this proposed derogations and believes Parylene HT conformal coating should be
covered by it.

5.2.3 Request for a specific derogation

This report has provided evidence that there are currently no alternative materials or technologies
ready to substitute Parylene HT in the conformal coating in applications in industry sectors such as
electronics, automotive, aerospace & defence and some medical applications. While some of the
alternatives can offer corrosion protection, mechanical flexibility and dielectric strength, there is no
alternative that meets all requirements, including thermal and UV stability and mechanical flexibility.
As many applications require the combinations of thermal stability with barrier/chemical resistance
properties and dielectric properties, this is a critical selection criterion. SCS believes that, considering
the current situation, with no non-PFAS alternatives currently available, it could take more than a
decade before substitution is possible, as described in Section 4.3.

Therefore, SCS would like to request the authorities to consider the following specific derogation:
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m  Derogation for the use of Parylene HT® dimer (CAS 3345-29-7) in the process of conformal
coating in applications for electronics and medical devices when operative performance is
required to be maintained at a wide range of extreme temperatures (-40°C to higher than
350°C ) and/or with long-term UV exposure.

5.3 No derogation scenario

5.3.1 Socioeconomic impact

In a no derogation scenario, in which the restriction will apply fully, SCS and Galentis would lose their
business that relies on Parylene HT coating. That is, Parylene HT® dimer would not be able to be
produced and commercialised by Galentis, and SCS would not be able to offer the Parylene HT
conformal coating service to their customers. As a consequence, SCS and Galentis business would
be downsized by 10% to 20%, which is basically leading to the decision of shutting down the product
lines in scope (with loss of respective sales) but continue other operations.

In this scenario, no plant resizing is expected to occur; however, capital equipment would be
underutilised. In addition, a financial impact to the four EEA sites should be anticipated as a result of
the loss of manufacturing and sales, which consequently would result in redundancies in the EEA. It is
eventually unlikely to be able to transfer workers to a different plant or production line to avoid
redundancies because the EEA sites are in different countries, which would require employees to
relocate. Historically, when the business has moved, employees do not relocate, ultimately resulting in
increased costs due to having to hire and train new employees.

SCS also considers that loss of product sales would not be gained by the competition since currently
there are no replacement products in the market that can perform at the level the Parylene HT coated
products do. SCS identifies about 6 main competitors in the market segment of Parylene HT coating,
all of them Chinese competitors. However, it is evident that they will be equally impacted by a PFAS
restriction in the EEA. It should be noted that SCS leads the EEA market with about 95% of share.

It is difficult for SCS to estimate the overall impact of the proposed PFAS restriction would cause on
their customers. The total value of the coated devices could be 100 to >1000 times the cost of the
coating. Likewise, the total value of the end use completed product where the device is used could be
1 million times the cost of the coating (SCS revenue), e.g., military aircraft.

If SCS were to halt production/sales while it works to develop a PFAS-free coating alternative
(providing a comparable level of performance to Parylene HT), it is unclear if it could enter the market
in the future. It should be noted that the current coating process with Parylene HT took about 10 years
to establish market share after initial development and the entire process took about 15-20 years.
Thus, in the event of having to stop production, sales would be minimal and at the same time large
development costs would be incurred, which would cause weakness in the entire business segment
and it would most likely not be able to return to the market.

5.3.2 Societal costs associated with refused derogations

SCS believes that the absence of a derogation to allow the continued and limited use of Parylene HT®
dimer in the conformal coating could result in the following societal impacts:

m  Areduction of reliability and durability of electronic components and systems, that will also
compromise:

- the performance of final EEE (Electrical and Electronic Equipment);
- the performance and safety of the vehicles and of defense instruments and assemblies; and

- medical devices placed on the market in the EEA, whose systems might be subject to early
failure.

- Likewise, there will be an inability to service and repair existing products.
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m  Areduction of the quality and standard of health services, since more invasive surgeries and
medical devices might be required as an alternative, with the increasing risk of cross infection for
patients.

The Table 5-1 summarises the potential societal impact associated with a non-derogation scenario for
the use of Parylene HT conformal coating.

Table 5-1 Potential societal impact associated with the non-derogation scenario

Applications of
Parylene HT Societal dimensions impacted by the non-derogation scenario

conformal coating

Health Safety Protection Repair

Electronics

Automotive /
Transport

Aerospace and
Defence

Medical devices

6. CONCLUDING REMARKS

The conclusions from this study are that:

1. There are currently no PFAS-free alternatives to Parylene HT conformal coating that can
ensure that electronics components can remain operative under harsh conditions such as
UV exposure and can remain thermally stable at higher temperatures.

None of the potential alternative materials and technologies evaluated by SCS are currently suitable
to substitute Parylene HT in the conformal coating of electronics uses in applications in industry
sectors such as electronics, automotive, aerospace & defence and some medical applications. While
some of the PFAS-free alternatives can offer corrosion protection (e.g., plasma coating), mechanical
flexibility (resin coating) or dielectric strength (acrylic resin), there is no alternative that meets all
requirements, including thermal and UV stability, mechanical flexibility and that can therefore be used
in the many applications that require the combination of these properties.

A PFAS-free alternative in conformal coatings would require extensive research and testing before
their technical feasibility can be assessed, as they are primarily used on applications that do not
require both UV and thermal resistance or other combined feasibility criteria.

2. SCS and Galentis can ensure that any potential PFAS emissions are fully controlled in
their manufacturing operations

SCS has locations across the globe. Headquartered in Indianapolis, SCS has nine coating centers in
North America, seven coating centers in Asia and five coating centers in Europe: the UK (non-EEA),
Ireland, Czech Republic, Germany, and Switzerland (non-EEA). All five sites in Europe are multi-
purpose coating centers and 1ISO 9001 certified facilities.

The production process of Parylene HT® dimer is subject to rigorous containment, which is achieved
by the technical design of the process and the equipment aimed at preventing the releases for
workers and environment. The efficiency of the containment measures for Parylene HT® dimer are
further confirmed by mass balance data and by occupational and environmental analytical monitoring.

Specialty Coating Systems. Inc. Page 41 of 43





SPECIALTY COATING SYSTEMS, INC. RESPONSE REPORT TO CONCLUDING REMARKS
PFAS RESTRICTION PROPOSAL

Use of PFAS in the conformal coating of electronic components and

medical devices - PUBLIC

All solid and liquid wastes generated during production that are contaminated with Parylene HT®
dimer, are collected and disposed of by means of incineration.

The coating process employing the Parylene HT® dimer is a closed process where all the Parylene is
consumed, with no or extremely low potential for exposure to workers and environment.

3. SCSrequest for a specific time limited derogation for the use of Parylene HT® dimer in the
conformal coating process

As there are no suitable alternatives for the applications where Parylene HT is used in, and the time
needed for developing a suitable alternative could take more than ten years, SCS would like to
request the consideration of the following specific derogation:

Derogation for the use of Parylene HT® dimer (CAS 3345-29-7) in the process of conformal
coating in applications for electronics and medical devices when operative performance is
required to be maintained at a wide range of extreme temperatures (-40°C to higher than
350°C) and/or with long-term UV exposure.

SCS believes that the absence of a derogation to allow the continued and limited use of Parylene HT®
dimer in the conformal coating could result in the following societal impacts:

m  Areduction of reliability and durability of the electronic components and systems, that will also
compromise: i) the performances of final EEE (Electrical and Electronic Equipment); ii) the
performances and the safety of the vehicles and of defense instruments and assembilies, iii) and
medical devices placed on the market in the EEA, whose systems might be subject to early
failure. Likewise, there will be an inability to service and repair existing products.

m  Areduction of the quality and standard of health services, since more invasive surgeries and
medical devices might be required as an alternative, with the increasing risk of cross infection for
patients.
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ANNEX — JUSTIFICATIONS FOR CONFIDENTIALITY CLAIMS

Blanked out
item reference

Justification for confidentiality

CBI1

Demonstration of Commercial Interest:

Proprietary manufacturing and specification information are closely held to
prevent competitors from replicating procedures and procedures conditions.
These details are only shared under strong non-disclosure agreements and
are not made publicly available.

Demonstration of Potential Harm:

If process information were to be revealed, competitors could try to copy the
design and process, leading to loss of knowhow and market position. Even a
portion of the full process information or the applicant’s specifications could
be used to “reverse engineer” the process.

Limitation to Validity of Confidentiality:
This claim is valid indefinitely

CBI 2

Demonstration of Commercial Interest:

Information on business commercial performance, such as manufacturing
output, sales, type of products, revenue and profit margins, are commercially
sensitive information and are only supposed to be known by the company.
Volumes of PFAS used are confidential information that are only to be used
for the applicant’s planning and operations If they become publicly available
they will distort competition and may even be in breach of anti-trust laws in
the UK and the EU.

Demonstration of Potential Harm:

If marketing (production, sales, type of products, revenue and profits)
information were to be released, it will provide the applicant’s competitors
with proprietary knowledge of information on the applicant’s market share
and would give them an unfair competitive advantage.

Limitation to Validity of Confidentiality:
This claim is valid indefinitely
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European Chemicals Agency (ECHA)
Telakkakatu 6, 00150
Helsinki, Finland

RE: ECHA Annex XV Restriction Report: Per- and Polyfluoroalkyl substances (PFAS)
Dear Sir or Madam:

The American Petroleum Institute (API) respectfully submits the following comments and response to
the European Chemicals Agency (ECHA) proposed restriction on per- and polyfluoroalkyl substances
(PFAS) published on February 7, 2023. In this letter, APl provides general comments on the proposed
restriction, and API submits this letter jointly with an analysis of API standards that demonstrates the
critical uses of PFAS in the natural gas and oil industry and in international standards and European
regulations.

APl is the U.S. national trade association representing all facets of the natural gas and oil industry, which
supports 9.8 million U.S. jobs and 8% of the U.S. economy and provides critical energy to the European
continent. While APl represents North American--based companies, APl members include multinational
corporations with business in Europe and U.S. companies that trade with the European Union (EU), both
of which would be significantly affected by the proposed PFAS restriction. API's approximately 600
members include large integrated companies, as well as exploration and production, refining,
marketing, pipeline, marine businesses, and service and supply firms.

In addition, APl is the global leader in convening subject matter experts across segments to develop,
maintain, and distribute consensus standards and safety programs for the natural gas and oil industry.
API’s goal is to enhance operational safety, environmental protection, and sustainability across the
industry, especially through the global adoption of standards. API standards are developed under the
American National Standards Institute (ANSI) accredited process, ensuring that the API standards are
recognized not only for their technical rigor but also for their third-party accreditation. This
accreditation facilitates the incorporation of API standards into regulations by state, federal, and
international regulators.

As outlined in this letter, API has significant concerns with aspects of ECHA’s proposed PFAS restriction
and encourages ECHA to reconsider components of the proposal, including the broad classification of all
PFAS, the restriction of fluoropolymers that have not been scientifically shown to be harmful, and the
lack of consideration of risk-based approaches. PFAS-containing equipment and materials in the natural
gas and oil industry include polymeric seals, gaskets, valves, coatings, lubrication, flexible pipe sheath
layers, electrical insulation, and more. These products prevent fugitive emissions, are paramount for the
safe handling and transport of petroleum products and chemicals, avert fires, and are key components
to large, vital equipment, such as motors, storage tanks, and heat exchangers which help supply
affordable energy to society. If promulgated as proposed, this restriction would jeopardize the interests
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this restriction aims to protect by creating significant unintended impacts on operational safety, trade,
and global supply chains—resulting in fragmented markets, increased emissions, and possible harm to
industry personnel and the environment

This letter accompanies an analysis of APl standards that reference the direct use of PFAS in equipment
and operations. Approximately 55 API standards reference specific PFAS, indicating their essential use in
various equipment and materials across all segments of the natural gas and oil industry. While these
standards reference PFAS directly, many more API standards require the use of PFAS-containing
equipment that must meet certain criteria without mentioning the exact chemical characteristics of the
equipment. For example, a standard may require a seal that meets temperature requirements and can
withstand corrosive liquids, and while the standard does not strictly mandate the use of a
fluoropolymer, polymeric seals are often the only ones that meet the criteria. The attached analysis
provides further background on API standards and the role of PFAS therein.

APl standards have been referenced more than 1,100 times in international laws, regulations, and
national standards, and are referenced in various International Organization for Standardization (ISO)
documents. These international references emphasize API standards’ role in ensuring safe practices that
optimize interoperability and efficiency while safeguarding environmental protection and human health.
API’s PFAS standards analysis identifies where the EU and Norway reference APl and ISO standards in
their national and international standards and regulations, underscoring the paramount role of PFAS in
European natural gas and oil safety practices.

APl appreciates ECHA’s proposed 12-year derogation for the petroleum and mining sectors but urges
ECHA to grant a permanent derogation for the essential uses of particular PFAS outlined below in all
segments of the industry.! The use of PFAS-containing equipment and material in the natural gas and oil
industry does not have viable alternatives that meet the unique, combined criteria of corrosion
resistance, thermal tolerance, durability, excellent sealing properties, lubricity, dielectric strength, and
low flammability. The accompanying analysis of API standards further demonstrates these critical uses.
APl encourages ECHA to justify the reasoning on selecting the specific 6 and 12 years of derogations; if
an alternative is not in sight now, a viable alternative will improbably be available within 12 years, if
ever. In addition, API requests that ECHA takes a risk-based approach, in lieu of a purely hazard-based
approach, for each individual use of PFAS-containing equipment and material. A risk-based approach
when assessing each use would identify and prioritize the risks to human health and the environment
with the handling of the chemical and determine what is regulatorily required to safely manage those
chemicals, which would minimize unintended consequences of a blanketed ban.

The ECHA proposal states: “...some PFASs have been documented as toxic and/or bioaccumulative
substances, both with respect to human health as well as the environment. Without taking action, their
concentrations will continue to increase, and their toxic and polluting effects will be difficult to reverse.”
API respects ECHA’s mandate to protect human health and the environment and shares that mission.
However, the majority of PFAS used in the natural gas and oil industry are fluoropolymers that are not
water soluble or bioavailable, thus not posing a threat to environmental and human health. Moreover,
the use of these fluoropolymers and fluoroelastomers is strictly within industrial operations, and
consumers and the broader public do not come into contact with the PFAS-containing equipment that
falls under this proposal.

Y Including, but not limited to, exploration and production, refining, marketing, pipeline, marine transportation,
and service and supply firms.
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The proposal also utilizes the Organization for Economic Co-operation and Development (OECD)
definition of PFAS published in 2021, but the same publication states, “the term ‘PFAS’ is a broad,
general, non-specific term, which does not inform whether a compound is harmful or not.”? The
umbrella classification of PFAS in the proposal is a misrepresentation that falsely implies all PFAS are
harmful, which is not the case. APl urges ECHA to reconsider the definition of PFAS to exclude
fluoropolymers since they have not been shown to be a threat.

The proposed restriction would compromise the EU’s energy supply and climate neutrality goals and
would cause major disruptions to trade, both with energy and fluoropolymer products. PFAS-containing
equipment— such as fluoropolymeric seals for cryogenics, fugitive emission valves, centrifugal pumps,
pipeline valves—is essential for liquefied natural gas (LNG) storage and transport. These components
have no viable alternative and ensure safety by preventing emissions and product loss in LNG handling.
In addition, other energy sources, such as photovoltaics and wind energy, use fluoropolymers on solar
panels and wind turbines while LNG also plays a role in decreasing greenhouse gas (GHG) emissions.
Preventing the use of these essential fluoropolymers would endanger these environmental goals and
ultimate reduction of GHG emissions.

Fourteen European countries have LNG import facilities, and European LNG imports reached an all-time
high in 2022 (16.5 billion cub feet per day (Bcf/d) on average in April 2022).3 The U.S. (including API
members) has become a critical supplier of LNG to Europe as the continent’s demand has soared to
compensate for the sharp decline in pipeline imports of natural gas from Russia that preceded its
invasion of Ukraine. U.S. LNG exports to the continent increased by 141% in 2022 alone,* and they now
represent Europe’s second-largest source of natural gas.”> Europe’s ability to import and handle LNG —
and accordingly, its energy security — would be significantly diminished if ECHA bans vital fluoropolymers
used in facilities, tankers, and operations.

Beyond energy trade disruptions, the proposed restriction would create trade barriers and disrupt
supply chains. European fluoropolymers have a high demand that is expected to strongly grow with a
projected compounded annual growth rate (CAGR) of 6.5% (if undisrupted by the ban) and currently has
a market size of 541.4 million Euros.®” Key industries beyond the energy sector use these polymers in
products and daily operations, including aerospace, electronics, machinery, automotive, medical
devices, and more. Germany, France, and Italy are major consumers and Germany is the top producer in
Europe. A ban on fluoropolymer products would lead to major supply chain and trade issues with both
European manufacturers and consumers being directly affected. Moreover, Europe is a net exporter of
fluoropolymers, so the negative economic impact of restricting their manufacturing would reverberate
outside of Europe as international fluoropolymer consumers—including APl members—would not have
access to the specialty equipment that the EU supplies.

2 https://one.oecd.org/document/ENV/CBC/MONO(2021)25/En/pdf

3 https://www.eia.gov/todayinenergy/detail.php?id=52758

4 https://www.eia.gov/todayinenergy/detail.php?id=55920

5 https://features.csis.org/us-Ing-remapping-energy-security/
Shttps://fluoropolymers.plasticseurope.org/application/files/1216/5485/3500/Fluoropolymers_Market Data_Update
-_Final _report - May 2022.pdf

7 https://www.mordorintelligence.com/industry-reports/europe-fluoropolymer-market
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ECHA is already aware of the extreme complications of finding alternatives—if ever possible—for the
use of fluoropolymers in the natural gas and oil industry. As Annex E Section 2.15.2.6 of the proposal
underscores: “in the case of fluoropolymers, manufactures and suppliers have indicated that it could
take a relatively long time (several years to several decades) to transition towards using alternatives that
can achieve the same level of performance.”® Furthermore, many of the PFAS products are replacement
products and/or components of large, expensive pieces of equipment. Access to spares is imperative to
maintain longevity of operations, energy affordability, and safety. If the EU bans these spare products
from the market, it will lead to the premature obsolescence of field equipment with costly
reverberations for years to come.

API has a strong interest in this proposed restriction on PFAS and recognizes ECHA’s responsibility to
safely regulate chemicals to protect the environment and human health. However, as stated with the
reasons above, APl asks ECHA to consider excluding fluoropolymers from the ban and to take a risk-
based approach for other critical PFAS uses. APl is actively engaged on issues related to PFAS and
understands the complex public policy decisions regulators must make in addressing these chemicals’
effects and environmental presence.

APl appreciates the opportunity to provide feedback on ECHA Annex XV Restriction Report: Per- and
Polyfluoroalkyl substances (PFAS) and would welcome further dialogue. Please do not hesitate to
contact me (BurrA@api.org, 202-682-8487) should you have any questions or comments, or require
additional information.

Sincerely,

-

Alexa Burr
Vice President, Standards & Segment Services
Global Industry Services

8 https://echa.europa.eu/documents/10162/8del1d7c-c56f-e204-5072-e89f11071219
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ATTACHMENT 1 - API Standards: PFAS Analysis

The American Petroleum Institute (API) presents the following analysis on the critical role of per- and
polyfluoroalkyl substances (PFAS) throughout the natural gas and oil industry, as well as the chemical
industry. There are ongoing regulatory assessments of per- and polyfluoroalkyl substances (PFAS) in
Europe by the European Chemicals Agency (ECHA) which could lead to broad scale restrictions on their
manufacture, use, and sales in the EU market, with subsequent impacts on global markets. The United
States is the primary supplier of liquefied natural gas (LNG) to the EU, and APl members lead the effort
to meet the EU’s energy demand. As described below, PFAS are essential to LNG distribution and
storage, with no viable alternatives that meet all property requirements, and the proposed restriction
will compromise the U.S.’s ability to supply this critical energy to Europe. While PFAS producers will be
directly impacted, the broader industrial use of these substances across sectors for other energy
production, engineering, and chemical manufacturing (among others) purposes is anticipated to be
significantly larger, affecting sectors, including chemical producers, pharmaceuticals, textiles, and
product manufacturers across the globe.

API Background

Founded in 1919 as a standards developing organization (SDO), API serves as the global leader in
convening subject matter experts across all segments of the natural gas and oil industry to establish,
maintain, and distribute consensus standards. APl is the primary U.S. trade association of the natural gas
and oil industry with nearly 600 members involved in all aspects of the industry — exploration and
production, midstream transportation, and refining and petrochemicals. Moreover, APl develops and
maintains more than 800 consensus-based standards to enhance operational safety, environmental
protection, and sustainability across the industry, especially through the global adoption of these
standards. APl is accredited by the American National Standards Institute (ANSI), which ensures API
standards are developed in a transparent, consensus-led process. AP| standards development is an
open, balanced process that includes over 10,000 expert volunteers from the public and private sectors,
over 2,000 of which are international participants that strengthen the standards’ global applicability.

Companies across the globe use API standards, and over 31 markets adopt API standards for usage as
national standards or technical regulations by governments to optimize regulatory efficiency and
mandate safe industry practices. There are over 670 references to API Standards in the U.S. Code of
Federal Regulations (CFR), 3,800 references to APl standards in U.S. state regulations, and over 1,100
references by international regulators across 31 markets. Further, international standards
organizations, such as the International Organization for Standardization (ISO), along with other global
standards developers, incorporate and reference APl standards in their documents, which are used in
the EU and internationally.

PFAS in API Standards and Oil and Gas Equipment and Operations

The use of PFAS is essential to safe and sustainable global energy and manufacturing operations, as
demonstrated by their use in APl standards. In oil and gas industrial use, PFAS—especially
fluoropolymers and fluoroelastomers—are critical for their high range of temperature tolerance,
chemical resistance, low flammability, excellent sealing properties, physical durability, lubricity, high
dielectric strength, hydrocarbon fluid containment in the bore of flexible pipes, low friction resistance,
and more. APl has approximately 55 standards that have specific reference to the use of PFAS as a
critical safety element in various uses, including but not limited to:

e Various seals for storage tanks, hoses, valves, and more.
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e Gaskets

e Valve seats and packing for various valves, such as ball valves, relief valves, and more.
e PTFE tape for emissions and loss of primary containment (LOPC) avoidance
e Coating of various equipment, such as pipes, bolts, nuts, and more.

e Flanges

e Fugitive emission packing and pump seals

e Electric grid insulation

e O-rings

e Lubrication

e Flexible pipe liner/pressure sheath layers

e Flexible hoses

e Tubes

e Compressors — reciprocating, centrifugal, and liquid ring

e Firefighting foam

API standards are performance-based—requiring or recommending action (including technology and
quality certifications, and functional interchangeability) to ensure operational efficiency and safety,
rather than being overly prescriptive in all aspects of the equipment and process. This performance-
based approach allows standards users to be innovative with their processes and technology as long as
they meet the basic safety and functional requirements. However, API standards can have prescriptive
components that require certain materials and processes when critical for human or environmental
safety and operational integrity. While PFAS is referenced and/or required in approximately 55 API
standards, there are many more API standards that mandate PFAS-containing equipment and products
without specifically mentioning the chemicals or each component of the equipment (i.e., a standard
may require the use of a ball valve, which contains fluoropolymers in the valve seat, but the standard
does not mention the many components that make up the valve).

The functional interchangeability of API standards enables the use of spare and sub-parts and products
to maintain the longevity and reuse of deployed equipment. The continued market access to these parts
and products that contain PFAS (such as seals, gaskets, liners, etc.) are essential to maintaining safe
operation and avoiding premature obsolescence of deployed equipment covered in APl standards. For
example, a polymeric seal is required for an LNG storage tank. If the seal needs to be replaced, it is
imperative that there is access to an adequate seal in the market to allow the LNG tank to remain
usable.

See Annex 1 for list of API standards with PFAS references and engineering justifications.

The list above and in Annex 1 enumerates specific equipment and materials that contain PFAS, and
these materials and devices are used ubiquitously throughout industry and are essential components of
larger equipment, such as storage tanks (including LNG storage), pipelines, heat exchangers, motors and
rotary equipment, heaters, depressurizing systems, and more.

For example, gaskets and seals are essential in the natural gas and oil industry by creating a tight and
reliable seal between two pieces of equipment, such as valves, pipelines, flanges, pumps. These seals
prevent leakage of liquids and gases, which is essential for safety, operational efficiency, and
environmental protection. It is paramount that these gaskets and seals have extreme temperature
tolerance (high and low), resistance to corrosive material, flexibility, strong durability, and pressure
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resistance, all criteria that cannot be met without the use of fluorinated polymers and elastomers. More
details on the essential role of other PFAS-containing equipment are included in Annex 1.

PFAS in Environmental Safety and Emissions Reduction

The sealing properties of the polymers and elastomers prevent environmental disasters and play a key
role in the reduction of greenhouse gas emissions. The use of polymers to seal pipelines, storage tanks,
and valves support the safe transport and handling of critical substances that could cause potential
safety risks, environmental contamination, and loss of resources if the seals did not meet necessary
properties that PFAS provide.

The demand for natural gas is growing exponentially in Europe and provides approximately 25% of the
EU’s energy supply, according to the European Commission®. In addition, the EU includes liquefied
natural gas as a key tenet in the EU Energy Union Strategy, enhances energy security in a time of scarcity
and war, and significancy reduces greenhouse gas emissions. Polymeric seals and gaskets are essential
for the handling and transportation of LNG for storage tanks and pipeline transportation. These PFAS-
containing seals tolerate the low temperatures (-162° C) for liquifying natural gas and help prevent
fugitive emissions.

In addition, a majority of PFAS used in the natural gas and oil industry are fluoropolymers (PTFE, PVDF,
FKM/FKKM) and fall under the category of polymers of low concern (PLC), as defined by the
Organization for Economic Co-operation and Development (OECD).%° A recent study published in
Integrated Environmental Assessment and Management, a scientific journal, demonstrates that PVDF,
FKM/FKKM, and other fluoropolymers meet the criteria of PLC.!! The study does not address PTFE, but
PTFE has also been confirmed to meet the PLC criteria, as shown in Table 2 of a separate article in the
same journal.®?

The proposed ban aligns with the OECD definition of PFAS, but the OECD report that defines PFAS,
Reconciling Terminology of the Universe of Per- and Polyfluoroalky! Substances: Recommendations and
Practical Guidance (2021) also states, “the term ‘PFAS’ is a broad, general, non-specific term, which does
not inform whether a compound is harmful or not.” The fluoropolymers referenced in API standards and
used in the natural gas and oil industry have been shown not to pose a threat to human or
environmental health, as evinced by these studies and OECD PLC criteria and PFAS definition.

European Use and Reference of API Standards

At least 20 references to standards containing specific mentions of PFAS were identified in the policies,
regulations, and guidance issued by relevant bodies in eight European states (see Table 1 below). As
standards usage in most cases is voluntary and/or company-specific, this severely understates the usage
rate of these APl standards—but is intended to demonstrate how API standards utilizing PFAS are crucial
to regulatory requirements for health and environmental safety in Europe. When standards are
incorporated into policies and regulations, they become mandatory in order to meet a regulatory
objective. The list below underscores the importance and reliance on APl standards to protect human
health and the environment across the EU and Norway.

% https://energy.ec.europa.eu/topics/oil-gas-and-coal/liquefied-natural-gas_en

10 OECD Criteria for Polymers of Low Concern (PLC): https://www.oecd.org/env/ehs/risk-
assessment/42081261.pdf

1 https://setac.onlinelibrary.wiley.com/doi/epdf/10.1002/ieam.4646
Lhttps://setac.onlinelibrary.wiley.com/doi/10.1002/ieam.4035#: ~:text=\We%20will%20show%20that%20fluoropoly
mers,human%20health%20and%20the%20environment.
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Table 1: Examples of References of API Standards in EU and Norwegian National Policies

Safety Requirements for Special Type
Installations in Drilling Activities

Denmark Guidelines for Drilling AP| 13B-1, Field Testing Water-based
Drilling Fluids
Germany BVEG Guidelines: Well Integrity AP| 6A, Wellhead and Tree Equipment
Guidelines (7/2021)
BVEG Well Control: Drilling, Workover, API 16A, Specification for Drill-through
Well Intervention (9/2015) Equipment
Announcement of the Technical Rule for | APl standards for flanges, gaskets, bolts
Long-Distance pipelines according to § 9 | and nuts (including APl 608, 600, 594,
Paragraph 5 of the Pipeline Ordinance 623, 609, 526, 599; gaskets, bolt, and
nuts are universal in O&G equipment in
all segments.)
Greece Presidential Decree #64, Implementation | APl 520-1, Sizing, Selection, and
of the Regulation for the Safe Refueling Installation of Pressure-relieving Devices,
of Ships with Liquefied Natural Gas as Part |—Sizing and Selection
Fuel (June 20, 2019) AP| 520-2, Sizing, Selection, and
Installation of Pressure-relieving Devices,
Part ll—Installation
Italy Directorial Decree of 29 November 2004, | APl 16A, Specification for Drill-through

Equipment

Netherlands

Mining Regulation of the Netherlands,
January 2003

API 17B, Recommended Practice for
Flexible Pipe

API| 17J, Specification for Unbonded
Flexible Pipe

Norway

Guidelines regarding the Technical and
Operation Regulations (2020)

AP| 520-1, Sizing, Selection, and
Installation of Pressure-relieving Devices,
Part |—Sizing and Selection

AP| 520-2, Sizing, Selection, and
Installation of Pressure-relieving Devices,
Part Il—Installation

Guidelines regarding Facilities
Regulations (2020)

AP| 520-1, Sizing, Selection, and
Installation of Pressure-relieving Devices,
Part |—Sizing and Selection

API 520-2, Sizing, Selection, and
Installation of Pressure-relieving Devices,
Part ll—Installation

API 17], Specification for Unbonded
Flexible Pipe, Recommended Practice for
Flexible Pipe

Guidelines regarding the Activities
Regulations (2020)

API 17B, Flexible Pipe
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Portugal Ministry of Economy, Innovation, and API 520-1, Sizing, Selection, and

Development, Ordinance No. 137/2011 Installation of Pressure-relieving Devices,
Part |—Sizing and Selection
Summary: Adopts, as Regulation of the API 520-2, Sizing, Selection, and
Terminal for Reception, Storage and Installation of Pressure-relieving Devices,
Regasification of Liquefied Natural Gas Part Il—Installation
(LNG), the NP EN 1473 standard,
“Installation and equipment for liquefied
natural gas - Design of onshore
installations”
Ministry of Economy, Ordinance No. AP| 520-1, Sizing, Selection, and
670/2001 Installation of Pressure-relieving Devices,
Part |—Sizing and Selection

Summary: Adopts, as the Technical AP| 520-2, Sizing, Selection, and
Regulation Relating to the Design, Installation of Pressure-relieving Devices,
Construction, Operation and Part Il—Installation
Maintenance of the Terminal, the EN
1473 standard.

Spain Resolution of May 7, 2012, of the API standards pertaining to pipelines (API
Secretariat of State for the Environment, 178, API 17J, API 15S)
which formulates Environmental Impact
Declaration of the Development of the
Montanazo and Lubina fields, Tarragona

*Note: this table is not all inclusive of European policies that reference APl standards.

ISO Standards Utilizing PFAS

International Organization for Standardization (ISO) standards are widely used across Europe and
incorporate PFAS as an essential element in the standards. APl works to harmonize its standards with
ISO standards, and conversely, ISO standards reference API standards and publications that require

PFAS.

The 16 ISO standards below directly reference PFAS, as shown below. As noted above with API
standards, many more ISO standards require the use of PFAS-containing equipment but do not directly
reference the chemical:
e /SO 12086, Plastics — Fluoropolymer dispersions and moulding and extrusion materials — Part 1:
Designation system and basis for specifications
e /SO 23936, Oil and gas industries including lower carbon energy — Non-metallic materials in
contact with media related to oil and gas production — Part 1: Thermoplastics

e /SO 10684, Fasteners — Hot dip galvanized coatings

e SO 1629, Rubber and latices — Nomenclature

e /SO 16961 Internal coating and lining of steel storage tanks

e /SO 31800 Energy independent, prefabricates, community-scale, resource recovery units

e /SO 17782 Scheme for conformity assessment of manufacturers of special materials

e /SO 23936-2 Non-metallic materials in contact with media relation to oil and gas production —
Part 2: Elastomers
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e /SO 10423 Drilling and production equipment

e /SO 13628 Design and operation of subsea production system — Parts 3, 10, and 15

e /SO 10400 Formulae and calculations for the properties of casing, tubing, drill pipe, and line pipe
used as casing or tubing

e /SO 11960 Steel pipes for use as casing or tubing for wells

e /SO 13678 Evaluation and testing of thread compounds for use with casing, tubing, line pipe and
drill stem elements

e /SO 15463 Field inspection of new casing, tubing, and plain-end drill pipe

e /SO 27914 Carbon dioxide capture, transportation, and geological storage — Geological Storage

e /SO 27916 Carbon dioxide capture, transportation, and geological storage — Carbon dioxide
storage using enhanced oil recovery

Of these standards, 11 of the 16 above (excluding ISO 31800, ISO 27914, ISO 27916, ISO 1629, and I1SO
12086) have been adopted directly by the European Committee for Standardization (CEN) as regional
European Standards (EN), making them critical for European safety, manufacturing, trade, and industry
operations. As a result, EU member states have adopted some or all these as national standards by their
respective national standards bodies.

Additionally, ISO 12086 has been adopted as a national standard by:

e Austria
e France
o ltaly

e Netherlands

European states and the EU also reference ISO standards in national policy and regulations. Table 2
below shows some examples:

Table 2: Examples of ISO Standards Referenced in European Policy Measures

Country Policy Measure ISO Reference
European Commission Delegated Regulation (EU) ISO 27914
Union 2021/2139 of 4 June 2021 supplementing

Regulation (EU) 2020/852 of the
European Parliament and of the Council
by establishing the technical screening
criteria for determining the conditions
under which an economic activity
qualifies as contributing substantially to
climate change mitigation or climate
change adaptation and for determining
whether that economic activity causes no
significant harm to any of the other
environmental objectives

Germany WirtschaftsverbandErdél- und I1SO 11960
Erdgasgewinnung e.V (WEG) Best ISO 10400
Practice: Hydraulic Fracturing in
Conventional Reservoir Rocks*
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Wirtschaftsverband Erdél- und ISO 11960
Erdgasgewinnung e.V. Technical Rule: ISO 10400
Casing Calculation*
France Legal Journal of France ISO 11960
ISO 10423
ISO 13678
ISO 15463
Norway Petroleum Activities Regulations ISO 10423
Guidelines
Petroleum Facilities Regulations ISO 10423
Guidelines ISO 13628
CO2 Safety Regulations Guidelines ISO 27914

* WirtschaftsverbandErd6l- und Erdgasgewinnung e.V (Economic Association for Qil and Gas Production)
is the national upstream oil and gas industry association for Germany. While German regulators do not
issue them, regulators endorse their use, and industry operators follow them.

ISO standards are prominent in Europe, and as shown above, they are often mandated by regulation or
encouraged to be used at the national and international level in Europe, including in all five countries
that proposed the PFAS restriction. ISO standards are developed by international experts and approved
by an international body that sets the basic safety and operational requirements. ISO standards
establish a common framework for consistency, compatibility, and interoperability of industry
equipment, processes, and regulations and are used by industry to streamline supply chains within and
outside of the EU. If the ECHA proposal is passed, it would prevent compliance with these ISO standards
where required, which could in turn, disrupt oil and gas operations throughout the continent and upend
supply chains.

NATO Standards

Both APl and ISO standards have a critical role in European regional security. The North Atlantic Treaty
Organization (NATO) utilizes standards for military equipment and procedures for NATO members, and
NATO standards often reference and mandate the use of civilian standards, including both APl and I1SO
standards. NATO standards are classified, and therefore APl cannot share further details. However, it is
confirmed that API standards are referenced in NATO standards, and over 440 |SO standards are
referenced in NATO standards.

Conclusion

API’s analysis of APl and ISO standards underscores the crucial role of PFAS in the natural gas and oil,
chemical, and broader manufacturing industries, which supply the European continent with necessary
energy in a time of scarcity. APl appreciates the 13.5-year derogation in the proposal for the natural gas
and oil, but if the proposed ban is passed as is, it will affect approximately all 600 APl members
integrated in all segments of the natural gas and oil industry, as well as have significant impacts on
broader manufacturing industries. The risk of PFAS restriction in other industry sectors that may
negatively impact the natural gas and oil sector should be carefully evaluated. The proposed ban would
create impediments to industry operators and manufacturers that provide safe, reliable energy to the
European continent and would present challenges to achieving carbon neutrality and greenhouse gas
reduction goals.
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Segment Designation

Name of
Standard

Content

Section(s)
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Annex 1 - PFAS References in APl Standards

Engineering Justification

ISO Reference

Downstream @ 551

Process
Measurement

Refinery instruments use
seals made of FFKM;
Fluorinated polymers are
required for installing
oxygen instruments
informative on
fluoroelastomer temp
limitations and material
codes; references the use
of fluoropolymer covers
for horn antennas;

PVDF: "the probe is
insulated with a material

with a high resistivity, e.g.

PVDF, TFE, or a ceramic.
PVDF maximizes the
capacitance.

3.6.4;7.3.8.3;
7.3.6.3

Trade names and material codes for materials
are required and must comply with the relevant
standards; long list of PFAS-containing materials
included (3.6.3); an insulated probe is required
as part of RF capacitance/admittance level
transmitters when measuring conductive
liquids; PVDF is recommended to maximize the
capacitance.

Refinery instruments rely on o-rings and special
gasket to seal their components; FFKM is a
preferred seal material because it has a higher
operable temp (600F) and some grades are
resistant to steam;

For oxygen instrument installations, there is a
high fire hazard and fluorinated polymers are
required as opposed to other polymers because
of their fire resistance and good lubricant
performance, which decreases the risk of
incident.

Page 12





Attachment 1 — API Standards: PFAS Analysis

Segment Designation Name of . Content Section(s) Engineering Justification ISO Reference
Standard
Downstream | 553 Refinery 2 4.22 Bonnet gaskets 4.22 and Fluoropolymers and fluoroelastomers are
Valves and should be fully retained throughout critical and essential for the gasket and valve
Accessories for spiral wound with PTFE informatively | industries and safety in the oil and gas
Control and Explains the importance covering industries. PTFE, FKKM, and other PFAS-
Safety of PTFE for lubricating valve spec containing materials are used in these
Instrumented properties and how it is packing; applications for optimal sealing and thermal
Systems the most common valve 4.2.4: FFKM and chemical tolerance that prevents fugitive
packing material; for fugitive emissions that compromise safety and harm the
4.2.4 Fugitive Emissions: emissions environment.
"FFKM

(perfluoroelastomer) has
excellent inertness and
good lubricating

properties"
Downstream 574 Inspection 4 Optional inspection to 10.5 Flexible Fluoropolymer tubing withstands corrosive
Practices for perform electrical Hoses materials that react with metal tubing and is
Piping System conductivity test on comprised of a chemically inert composition;
Components fluoropolymer tube hose fluoropolymers used for flexible tube hoses and
tested to ensure electrical continuity;
Downstream | 584 Integrity 2 7.4 "temperatures higher | 7.4 The PTFE insulation material for electric grids
Operating than 300F will cause allows them to operate in harsh environments
Windows permanent damage to due to the material's high dielectric strength,
PTFE brushing that resistance, flexibility, and excellent thermal and
insulate the electric electrical properties. On the insulation of
grids" electric grids it cannot exceed 300F.
Downstream 588 RP for Source 1 13.3.10 "generally the 13.3.10 spiral round gaskets are made of a metallic strip
Inspection and spiral wound gasket hasa | informatively = with a filler material. PTFE is often used as the
Quality metal alloy wound filler material for optimal salability, inherent
Surveillance of outwards in a circular resiliency, and gasket blowout resistance.
Fixed spiral with a filler
Equipment material (PTFE);
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Segment Designation

Downstream | 608

Downstream 609

Downstream | 610

Name of
Standard

Metal Ball
Valves-
Flanges,
Threaded, and
Welding Ends

Butterfly
Valves

Centrifugal
Pumps for
Petroleum,
Petrochemical,
and Natural
Gas Industries

12

Content

4.3.1 Seat Rating for PTFE
and R-PTFE: valves
employing PTFE or
modified PTFE seats and
valves...shall have
pressure-temperature
ratings equal or higher
than the values shown in
Table 1 and 2;

normative by requiring
rating for the PTFE valves

Same info as in 608
(4.3.1); normative by
requiring rating for the
PTFE valves

Perfluoroalkoxy (PFA) in
Table H.3 (nonmetallic
wear part materials);
PTFE - coating
requirements

Section(s)

43.1;4.3.2;
Table 1 and 2

43.1

Annex H
(normative
annex) for
PFA;

PTFE -
7.6.1.7;
requires PTFE
or another
material
acceptable to
purchaser;
included in
table H.1.

Attachment 1 — API Standards: PFAS Analysis

Engineering Justification

the ball valve industry for petroleum and
petrochem could not exist without PTFE, which
is used in the lining, seats, and packing. The
valves contain an upstream and downstream
seat that keep liquids or gases from escaping.
PTFE is the material used for seating because of
its flexible, extreme durability, chemical
resistance, and high temperature range, all
which support safety when dealing with
hazardous materials. It is required to select the
pressure and temperature ranges with the
tables in API 608.

PTFE, FKM, and other fluoropolymers are used
for packing with ball valves (see 662 and 553),
which prevents fugitive emissions.

Same justification applies to butterfly valves as
it does to ball valves (APl 608) (and other types
of valves)

Specifies PTFE coating requirements for
equipment, which is a preferred coating
material.

ISO Reference
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Segment Designation

Name of
Standard

Content

Section(s)
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Engineering Justification

ISO Reference

Downstream 621

Downstream | 622

Downstream 650

Downstream | 660

Reconditioning
of Metallic
Gate, Globe,
and Check
Valves

Type Testing
of Process
Valve Packing
for Fugitive
Emissions

Welded Tanks
for Qil Storage

Shell and Tube
Heat
Exchangers

5

13

Figure B.4: PTFE V-ring
Packing Arrangement;
informative info on
gasket types with PTFE
throughout

PTFE Content
Determination in
Lubricant

Informative table for
guidance on seal material
for fluid stores (crude oil,
refined products,
gasoline): each includes
fluoropolymers and/or
fluoroelastomers as a
guidance (along with
other materials))

use of PTFE as a filler
material in gaskets

Figure B.4 in
normative
annex

6.3.1

H.4.4.2

Table 3

PTFE is used for valve packing due to its
resilience and excellent sealing properties.
Packing in valves stops leakage between the
stuffing box and the stems, thus preventing
fugitive emissions that compromise safety and
are environmentally injurious.

PTFE is used in lubricants due to its low
coefficient of friction (higher lubricity);

PTFE is used for valve packing due to its
resilience and excellent sealing properties.
Packing in valves stops leakage between the
stuffing box and the stems, thus preventing
fugitive emissions that compromise safety and
are environmentally injurious.

PFAS are essential in seals for tanks for oil
storage and LNG storage (which requires
cryogenic temperatures that fluoropolymers
and fluoroelastomers can withstand); the
fluoropolymer and fluoroelastomeric has high
thermal and chemical resistance required for
sealing storage tanks.

Table 3 outlines Assembly Gasket Stress, which
is based on the use of facing layers or filler
materials (such as PTFE). PTFE is often used as
the filler material for optimal sealability,
inherent resiliency, and gasket blowout
resistance. Gasket stresses are required to
comply with the table...

I1SO 16961:
2015;

ISO/DIS 16961;
I1SO
31800:2020;
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Segment Designation Name of . Content Section(s) Engineering Justification ISO Reference
Standard
Downstream 661 Air-cooled 7 7.2.10.10: the exposure 7.2.10.10 and = Louver bearings use PTFE to withstand the high
Heat temperature shall not 8.4.2 temperatures for the heat exchangers.
Exchangers exceed 150 C for PTFE
base composite bearing
material

8.4.2: louver bearings
shall be of either PTFE
base material ....... oran
approved alternative

Downstream | 664 Spiral Plate 1 7.8.1: gasket cover sheet | 7.8.1 The only non-metallic components of these
Heat material shall be non- exchangers are the gaskets made up of PTFE
Exchangers asbestos compressed and FKM for its resistance and resiliency.

fiber, PTFE, graphite, or
equal; this is determined
by the user for which
option best fits their

needs.
Downstream 667 Plate-and- 1 Standard gives Fluoropolymer and fluoroelastomers are
Frame Heat requirements and required in the gasket industry, especially with
Exchangers recommendations for the gasketed plate heat exchangers, due to its for
mechanical design, optimal sealability, inherent resiliency to
materials selection, chemicals, high range of temperature tolerance,
fabrication, inspection, and gasket blowout resistance.

testing, and preparation
of gasketed plate heat
exchangers. The standard
gaskets for these units
are elastomeric, where
fluoropolymers, FKM,
FKKM, and similar
materials are used
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Segment Designation Name of . Content Section(s) Engineering Justification ISO Reference
Standard
Downstream | 670 Machinery 5 C.3 (normative annex): Cc3 Fluoroelastomers used for sealing and PTFE-
Protection Cable material limits shall insulated cables used without as long as it is
Systems be considered. For below 200C (approx. 400C). It is often the
example, PTFE-insulated preferred material and has higher temperature
cables cannot normally tolerance than other materials.

be used above 200C;
mention of elastomeric
material for sealing

(6.2.4.6)
Downstream 675 Positive 3 references ASTM Annex B ASTM D1418 is the standard practices for
Displacement standards for FKM and rubber and rubber latices--Nomenclature; this
Pumps FFKM (ASTM D1418) document classifies and codes rubbers

according to chemical composition of the
polymer chain
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Segment Designation Name of . Content Section(s) Engineering Justification ISO Reference
Standard
Downstream | 682 Pumps-shaft 4 6.1.1.10 "o-ring grooves 6.1.1.10; O-rings are comprised of FKM, FFKM, PTFE, or
sealing shall be sized to B.3.3.2.3, other fluoroelastomeric and fluoropolymeric
systems for accommodate Annex A materials due to the sealing properties,
centrifugal perfluoroelastomer recommends | chemical inertness, thermal resistance, etc.
and rotary (FFKM) O-rings (includes FFKM
pumps important note under this | throughout

requirement)

6.1.6.5.2: requires the
use of FFKM for
secondary seals O-rings.
B.3.3.2.3 FFKM has a
PTFE polymer base and is
not typed like FKM. The
chemical inertness of the
full fluorinated backbone
allows excellent
resistance to acids and
bases, oxidizers, water
and hydrocarbons.
Special FFKM compound
are required for amine
and steam service

Seal Selection Guide
(annex A) recommends
families FKM and FFKM
based on successful user
experience

Many PFAS throughout
this doc (PTFE, FKM,
FFKM). Mostly
recommends FFKM
throughout doc.

Page 18





Segment

Downstream 692

Downstream | 939-D

Downstream 2001

Downstream | 2021

Designation

Name of
Standard

Dry Gas 1
Sealing

Systems for

Axial

Centrifugal,

Rotary Screw
Compressors,

and Expanders

Stress 2
Corrosion Al
Cracking of

Carbon Steel

in Fuel-Grade
Ethanol

RP on Fire 10
Protection in
Refineries

Management 4
of

Atmospheric
Storage Tank

Fires

Content

6.8.3 Abradable Seals
contain PTFE in the
stationary component of
the seal; underscores use
of PTFE as polymer seal
throughout the standard

"[API report 1132]
showed that most
companies increase their
usage of FKM and PTFE
for elastomer parts
subjected to static sealing
and dynamic sealing
while in contact with
gasoline containing
oxygenates"

informative: use of AFFF
as fire fighting foam

Details PFAS-containing
firefighting foam (AFFF)
and SFFF; currently under
revision

Section(s)

6.10; F.3.1;
6.8.3; H.6.2

Informative
and
referencing
API Report
1132

Attachment 1 — API Standards: PFAS Analysis

Engineering Justification

Fluoropolymers used for dry gas seals due to its
resiliency against gas and chemicals; used in
stationary component of abradable seals for
durability against the rotating labyrinth teeth.

FKM and PTFE selected due to their chemical

ISO Reference

and fire resistance, which is a major hazard with

gasoline containing oxygenates (additive).

Aqueous film forming foam (AFFF) is made from

PFAS and is highly effective for fighting
hazardous flammable liquid fires, such as ail

and gasoline.

Aqueous film forming foam (AFFF) is made from

PFAS and is highly effective for fighting
hazardous flammable liquid fires, such as ail
and gasoline; Synthetic Fluorine Free Foams

(SFFF) do not contain PFAS
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Segment Designation Name of . Content Section(s) Engineering Justification ISO Reference
Standard
Downstream 12B Specification 17  4.8.1: "the head of the 4.8.1;4.8.2 PFAS coating required for resiliency and ISO
for Bolted bolt shall be fluoropolymeric seals required for its excellent 27916:2019
Tanks for encapsulated with PVDF, resiliency and sealing qualities.
Storage of ABS, or polyester, and a
Production sealing ring shall be
Liquids molded under the head
of the bolt

4.8.2" nuts in contact
with stored liquid shall be
protected with threaded

PVDF nut caps"

Downstream | 520-1 Sizing, 9 Includes mentions of Table D.1 Fluoroelastomeric and fluoropolymeric
Selection, and fluoroelastomers in the materials used in pressure-relief valve
Installation of Table D.1 - Instructions manufacture specification for its excellent
Pressure- for Spring-loaded PRV sealing properties, which optimizes operational
relieving Specification Sheet safety.
Devices Part 1

Downstream 520-2 Sizing, 7 states fluoropolymers A.3 Gasket Fluoropolymer gaskets are used for its
Selection, and gaskets are suitable Selection resistance to chemical abrasion, heat
Installation of resistance, insulation, and more, which is ideal
Pressure- for high pressure devices.
relieving
Devices

Midstream 14.1 MPMS 7 11.5 "floating Piston 11.5 PTFE used for durable and excellent sealing
Chapter 14 cylinders should have the properties.
Section 1 following features....PTFE

seals or equivalent”
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Segment

Designation

Name of
Standard

Content Section(s)
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Engineering Justification

ISO Reference

Upstream

Upstream

1PER15K-1

1154

Protocol for
Verification
and Validation
of High-
pressure High-
temperature
Equipment

RP for Sizing
and Selection
of Electrical
Submersible
Pump
Installations

1

PTFE (Teflon), RYTON, entire
perfluoroelastomer, document
fluoroelastomers, and

more are detailed

throughout the doc for
elastomeric seals, general
nonmetallic seal

properties, mechanical

properties, and

temperature resistant

properties. Document

also details the effects of

gas, chemicals, heat, and

more on elastomers.

6.1.7.8 qualification of

seals and manufacturers

Table 7 and 8

Includes max. service 8.2.1
temps for

fluoroelastomers and

TFE/P (partially

fluorinated polymer);

PTFE and other fluoropolymers and

fluoroelastomers used for the sealing to ensure
impermeability, chemical resistance, thermal

resilience, etc.

Standards includes considerations for seal
selection, and operating temperature is a point

for consideration. Maximum service

temperatures for multiple elastomers included;
Fluoroelastomer compounds have highest heat

resistance
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Designation

Name of
Standard
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Engineering Justification

ISO Reference

Upstream

Upstream

Upstream

11S5

1187

13B-1

RP for the
Application of
Electrical
Submersible
Cable Systems

RP for
Application
and Testing of
Submersible
Pump Seal
Chamber
Section

Field Testing
Water-based
Drilling Fluids

Definitions section Definitions
includes many references

to PFAs- fluoropolymers,

PVF, ECTFE, PVDF.

However, not directly

mentioned in the body,

but the doc is short and

the definitions are used

as background on the RP

for application.

Includes max. service
temps for
fluoroelastomers and
TFE/P (partially
fluorinated polymer);

A.5.2.6 and
throughout

A.5.2.6 in Normative
Annex: requires the use
of stopcock valve that are
made of PTFE
components in testing
drilling fluids.

PFAS, especially fluoropolymers) used in
electrical submersible cable systems for the
material's high dielectric strength, chemical and
liquid resistance, flexibility, and excellent
thermal properties.

Standard includes considerations for seal
selection, and operating temperature is a point
for consideration. Maximum service
temperatures for multiple elastomers included;
Fluoroelastomer compounds have highest heat
resistance

Stopcock valve is required to test for soluble
carbonates in a drilling fluid system; the
stopcock requires PTFE material for sealing and
corrosion resistance.;

ISO
13501:2011
ISO
10416:2008
(2003 version
of 13B-1)

ISO
11961:2018
ISO 10414-
1:2008
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Segment

Upstream

Upstream

Upstream

Upstream

Designation

13k

131

14G

15CLT

Name of
Standard

RP for
Chemical
Analysis of
Barite

Lab Testing of
Drilling Fluids

RP for Fire
Prevention
and Control on
Fixed Open-
type Offshore
Production
Platforms

RP for
Composite
Lined Steel
Tubular Goods

Content

6.4 Sample preparation
and testing requires PTFE
acid digestion vessel,
cells, plug, and stirring
rod; includes the required
step-by-step use of PTFE
in the procedures for the
chemical analysis
recommends use of PTFE
inserts and liners
throughout

"examples of active fire
protection systems would
be fire water, AFFF, CO,
or dry chemical systems"

PTFE in corrosion barrier
(CB) ring manufacture;
shall be determined by
ASTM D4745;

mentions that CB rings
are made from PTFE

Attachment 1 — API Standards: PFAS Analysis

Section(s)

Engineering Justification

ISO Reference

6.4 and PTFE acid digestion vessel, plug, cells, and

throughout stirring rod required for chemical testing
because of its extreme chemical resistance
properties that makes the testing possible.

14.3.4.5, PTFE inserts, stirrers, and liners used

14.3.7; throughout in the testing equipment for its

15.2.2; durability when interacting with testing

15.3.2.4: substances.

9.1 Aqueous film forming foam (AFFF) is made from
PFAS and is highly effective for fighting
hazardous flammable liquid fires, such as oil
and gasoline

6.2;4.2; Corrosion barrier rings are filled with PTFE for

throughout thermal resistance and physical resilience. They

are required to be specified according to ASTM
D4745 - Standard Classification System and
Basis for Specification for Filled PTFE Molding
and Extrusion materials
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Engineering Justification

ISO Reference

Upstream

16A

Specification
for Drill-
through
Equipment

Fluoroelastomer (Viton)
requires fluoroelastomer
compound marking code
when used for
nonmetallic components,
such as seals and ring
gaskets; the marking
required for the material
must comply with ASTM
D1418.

Provides temperature
ratings and requirements
for nonmetallic seals.

table 4
table 43

If FKM is used as the nonmetallic seal or gasket,
it must be marked as per ASTM D1418. Its use is
determined by the experts based on specific
criteria needed for the drilling equipment. It is
often used in applications that require high
tolerance for a wide range of chemicals and
temperatures. Table 4 provides temperature
ratings and requirements for nonmetallic seals
(i.e. fluoropolymers).

In addition, coatings that contain PTFE, PFA and
FEP (e.g., Xylan) may be used by many OEMs to
provide a low friction, corrosion resistant
coating on parts inside and outside the pressure
containing assemblies. They are typically
applied by spraying or brushing and then baked.
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Segment Designation Name of Content Section(s) Engineering Justification ISO Reference
Standard
Upstream 178 RP for Flexible This document focuses Throughout PVDF is used in piping for resiliency, chemical
Pipe heavily on the use of the entire resistance, thermal tolerance, and flexibility.
Polyvinylidene Fluoride document,
(PVDF) throughout the including
entire doc, mostly annexes
focused on PVDF layersin | tailored to
piping (PVDF-based just PVDF;
pipes); Fluoropolyme
Fluoropolymer coatings rs coating
referenced in sections references
addressing corrosion- for end
resistant coatings for end | fittings (6.2.5
fittings, they are and 6.3.4)
commonly used for end
fittings
Upstream 17D Specification "adherent coatings, such | Annex F The coating is used for its high temperature

for Subsea
Wellhead and
Tree
Equipment

as PTFE... are acceptable
on the flange working
surfaces"

properties, a low coefficient of friction, and
chemical and abrasion resistance. Some

fluoropolymer coatings can reach up to 500F.
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Engineering Justification

ISO Reference

Upstream

Upstream

17F

17TR1

Standard for
Subsea
Production
Control
Systems

Evaluation Std
for Internal
Pressure
Sheath
Polymers for
High
Temperature
Flexible Pipes

4

1

Annex C: qualification
test of control fluids:
"select aging vessels that
are of 316 or better
quality stainless steel for
wetted components. An
inner lining of PTFE is
recommended"

C.11: "cervices shall be
formed by PTFE
washers...and PTFE O-
rings"; included
informatively throughout
the annex and document;
Includes info on
fluoroelastomer
compatibility

Highly technical
informative details about
PVDF properties as part
of internal pressure
sheath for high temp.
flexible pipes throughout
Annex A and F and
mentioned in section 7;
many mentions of
polymers for high temp.
flexible pipes throughout

Annex C

Annex A,
Annex F, and
7.3.3

Fluoroelastomer seals are essential for subsea

exploration and production and well equipment

for sealing properties, resistance to corrosive
material, and resiliency with sour oil and gas.

The fluoroelastomeric high temperature

tolerance is required in these operations.

PVDF used in piping (especially flexible piping)
for resiliency, chemical resistance, thermal
tolerance, flexibility, and pressure tolerance.
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Segment Designation Name of . Content Section(s) Engineering Justification ISO Reference
Standard
Upstream 17TR8 High-pressure | 2 Elastomeric seals and B.5 and Fluoroelastomeric seals used as non-metal
High- Al  nonmetallic seals seals/elastom | sealing for its strong chemical resistance,
Temperature mentioned throughout: eric seals sealing properties, thermal properties, and
Design B.5: elastomer seal mentioned durability.
Guidelines system is likely to contain = throughout

a mixture of metallic
materials for packing
retainsers....it is
important to ensure that
elastomer sealing
configurations provide
equivalent sealing
protection to the metallic
sealing protection

systems.
Upstream 17) Specification 4 Table 8-Flexible Pipe Table 8; PVDF used in piping (especially flexible piping)
for Unbonded | Al | Layer Design Criteria: 5.3.2.1.5 for resiliency, chemical resistance, thermal
Flexible Pipe gives max. allowable tolerance, and flexibility; however, bending
bending strain for PVDF strain max. allowance must be taken into
in static applications and consideration when using in operations.
for storage in dynamic
applications.

"for quasi-dynamic and
dynamic-supported
applications, higher
maximum bending strain
shall be allowed for PVDF,
if validated by testing
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Engineering Justification

ISO Reference

Upstream 19D Measuring 6.1.2 Sealing Rings: 6.1.2 FKM and fluoroelastomers required for high
Conductivity "testing at all temperatures because of its high temp.
of Proppants temperatures shall use tolerance
rings made of higher
temperature fluoro-
rubber (FKM), such as
Viton (trademark name)
Upstream 20G Welding Informative checklist in A.8 PTFE used in tubing and gas lines for chemical
Services for Annex A, Weld Supplier resilience, corrosion and heat resistance,
Equipment Audit Process. PTFE sealing properties, and overall durability while
Used in related question asks if maintaining flexibility.
Petroleum and tubes are made of PTFE
Natural Gas or other suitable material
Industry for gas;

while informative and in
a checklist, the question
underscores that PTFE is
a good material for gas
lines and tubes to avoid
leakage or avoid use of
poor quality/porous
material
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Segment Designation Name of . Content Section(s) Engineering Justification ISO Reference
Standard
Upstream 21TR1 Materials E2  Fluoropolymer: 4.6.4 4.6.4;4.6.3 The coating is used for its high temperature
Selection for A2 | reference of properties, a low coefficient of friction, and
Bolting fluoropolymer as the chemical and abrasion resistance. Some
typical topcoat for fluoropolymer coatings can reach up to 500F,
lubricity required for and it is a choice for bolting.

uniform torque.

Use of FP as nonmetallic
coatings for a
combination of corrosion
resistance, wear
resistance, and lubricity.
PTFE: 4.6.3: typical
coatings and plating used
in oil and gas industry
includes PTFE-based
coating; specifies lubricity
of PTFE coating.

Upstream 2RD Dynamic Riser | 2 7.10.3 any coating of 7.10.3 As stated, PTFE is often used for bolt coatings
for Floating bolts shall be selected due to its resilience and lubricity. Lubricity
Production with due considerations needs to be taken into account when using the
Systems of how such coatings bolts with PTFE coating due to its slickness.

affect stud tensioning.
"NOTE: ptfe coating have
low friction coefficient
and the torque has to be
applied accordingly"

Upstream 5C1 RP for Care 18 | both sections state 4.3.4 and ISO/TR
and Use of "when making up round- | 5.3.1 10400:2018
Casing and thread connections with I1SO
Tubing PTFE rings, 70 percent of 11960:2020
the listed values are I1SO
recommended" 13678:2010
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Engineering Justification

ISO Reference

Upstream

Upstream

Upstream

5C5

5CT

6A

Procedures for
Testing Casing
and Tubing
Connections

Case and
Tubing

Spec for
Wellhead and
Tree
Equipment

4

10

21
A2

5.7.5.4: Ported Box Leak
Trap Device. “Assemble
the ported box in the
following manner: c)
install threaded fitting
into holes using thread
sealer, such as PTFE"

5.7.5.4

K.8.2 "rings shall be made = Annex K
from virgin PTFE...the
starting PTFE shall be free

of filler"

Annex H
(informative)

Informative "a coefficient
of friction of 0.07
approximates threads
and nut face coated with
fluoropolymer material
Table K.5 specifies seals
for top connector plugs
for H2S service (FKM)

Preferred sealing due to its excellent sealing
properties and resistant to temp, chemicals,
and other elements.

Virgin grade PTFE is recommended for these O-
rings/seal ring couplings for tubing because it is
purer (no fillers), thus giving it better resistance
and sealing properties.

O-ring sizes determined by pressure and
nominal size for hydrogen sulfide; FKM is the go
to material for O-ring due to its excellent
sealing properties and is required for hydrogen
sulfide sealing due to its chemical resistance to
gas.

A coefficient of friction is the measure of
lubricity for lubrication, and the low coefficient
for fluoropolymers makes it an ideal additive to
lubrication. The use of fluoropolymer lubricant
(such as PTFE) is commonly used and needed
for nuts and bolts for its durability and
resistance to elements.

ISO/TR
10400:2018
ISO
13678:2010

ISO
27914:2017
(2011 version
of 5ct)
ISO/TR
10400:2018
ISO
11960:2020
ISO
15463:2003
ISO
13678:2010

ISO
27914:2017
ISO 13628-
15:2011
ISO 13628-
10:2005
ISO
27916:2019
ISO
17782:2018
ISO 13628-
6:2006
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Engineering Justification

ISO Reference

Upstream 6FA Standard for describes different Annex A Fluoropolymers and fluoroelastomers used in
Fire Test of plastics and valve types valves for their excellent sealing properties,
Valves being made and installed resiliency, and thermal tolerance (often as a
with PTFE; in addition, it component in fire safety).
provides many examples
of fluoroelastomers
(FKM) valves that are
used for API 6FA
coverage
Upstream 6J Testing of 4.6 "conventional oilfield | 4.6 storage While nitrile butadiene rubber (NBR) has some I1SO
Oilfield elastomers such as NBR conditions resistance, FKM and other fluoroelastomers 27914:2017
Elastomers are much more have a much better and excellent resistance to ISO
susceptible to storage chemicals, swelling, and deformation. In 27916:2019

degradation than
chemically resistant
materials such as
fluoroelastomers"

addition, FKM has a higher temperature range.
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Segment Designation Name of . Content Section(s) Engineering Justification ISO Reference
Standard
Upstream 15S Spec for 3 4.2.1.1 "polymeric 4.2.3;4.2.1.1; PVDF used in piping for resiliency, chemical
Spoolable compounds shall be Table 1 resistance, thermal tolerance, and flexibility.
Reinforced specified using the The PVDF covering material must comply with
Plastic Line standard classification ASTM D5575 and D322 in these applications for
Pipe systems described in reinforced plastic line piping.
Table 1"

4.2.3 "polymer material
used for cover layers
manufactured by melt
extrusion onto the pipe
shall be specified using
the standard
classification systems
described in Table 1"
Table 1 requires PVDF
cover layers to be
specified by ASTM D5575
and ASTM D3222
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Comment on Proposed Restriction of PFAS

Japan Valve Manufacturers' Association (JVMA)

Japan Valve Manufacturers Association (JVMA) appreciates the opportunity to provide

comments to the PFAS restriction proposal.

1. Introduction

JVMA was established in 1954 and has been a representative association of Japanese
valve industry for nearly seventy years. As of today, we are comprised of 115 major
domestic valve manufacturers including several Japanese subsidiaries of European valve
makers and additional 68 associate companies. Since our establishment, we have
implemented various effective programs to contribute to society, occasionally cooperating
with some of Central Government Ministries and Agencies. Especially we are pouring the
biggest effort to resolve environmental problems, so the Environmental Committee and
four working groups in our organization are working on the following issues:

- Greenhouse gas reduction.

- Design for the environment of valves.

- Life cycle assessment of valves.

- Gathering information on restricted substances.

- Environmental education.

To response to the PFAS restriction proposal, we have prepared a technical and

socioeconomic statement which is attached document.

2. Comment

The valve sealing parts are made of PTFE, PVDF, CTFE, PFA, ETFE, FKM, FFKM with
persistent technical functions depending on the application.

Their fluoropolymers, fluor elastomers and fluorine grease contribute to valve sealing and
durability.

Valves are widely used in waterworks, sewage treatment facilities, chemical plants, power
generation facilities, buildings, food manufacturing, pharmaceutical manufacturing,
aerospace industry, petroleum related facilities, agriculture, fisheries, ships, gas supply

facilities, hydraulic and pneumatic systems, fire prevention equipment, liquor production,





liquid filling, semiconductor manufacturing equipment, organic EL manufacturing, liquid
crystal flat panel manufacturing, battery manufacturing, fuel cell manufacturing, hydrogen-
related facilities, chemical analysis equipment, environmental analysis equipment, nuclear
facilities, etc.

The categories, industries and facilities used valves are essential uses.

Spare parts placed on the market 18 months after the restriction enters into force are
proposed to fall under the restriction and are not proposed to have a derogation.

Valves and facilities are designed to be long lasting with maintenance.

If valves for maintenance fall under the restrictions, socio-economic benefits will suffer.
There are potential risks arising from some alternatives.

Those risks are expected to be greater than the risks of PFAS persistence.

In Article 60 of the REACH Regulation,

the European Commission should also consider “whether the transfer to alternatives would
result in reduced overall risks to human health and the environment” when deciding on an
application for authorization.

We demand that maintenance valves be listed under the "derogation without a time limit"

for the health and safety of EEA people.
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Comment on Proposed Restriction of PFAS

Japan Valve Manufacturers' Association (JVMA)

Japan Valve Manufacturers Association (JVMA) appreciates the opportunity to provide

comments to the PFAS restriction proposal.

1. Introduction

JVMA was established in 1954 and has been a representative association of Japanese
valve industry for nearly seventy years. As of today, we are comprised of 115 major
domestic valve manufacturers including several Japanese subsidiaries of European valve
makers and additional 68 associate companies. Since our establishment, we have
implemented various effective programs to contribute to society, occasionally cooperating
with some of Central Government Ministries and Agencies. Especially we are pouring the
biggest effort to resolve environmental problems, so the Environmental Committee and
four working groups in our organization are working on the following issues:

- Greenhouse gas reduction.

- Design for the environment of valves.

- Life cycle assessment of valves.

- Gathering information on restricted substances.

- Environmental education.

To response to the PFAS restriction proposal, we have prepared a technical and

socioeconomic statement which is attached document.

2. Comment

The valve sealing parts are made of PTFE, PVDF, CTFE, PFA, ETFE, FKM, FFKM with
persistent technical functions depending on the application.

Their fluoropolymers, fluor elastomers and fluorine grease contribute to valve sealing and
durability.

Valves are widely used in waterworks, sewage treatment facilities, chemical plants, power
generation facilities, buildings, food manufacturing, pharmaceutical manufacturing,
aerospace industry, petroleum related facilities, agriculture, fisheries, ships, gas supply

facilities, hydraulic and pneumatic systems, fire prevention equipment, liquor production,





liquid filling, semiconductor manufacturing equipment, organic EL manufacturing, liquid
crystal flat panel manufacturing, battery manufacturing, fuel cell manufacturing, hydrogen-
related facilities, chemical analysis equipment, environmental analysis equipment, nuclear
facilities, etc.

The categories, industries and facilities used valves are essential uses.

Spare parts placed on the market 18 months after the restriction enters into force are
proposed to fall under the restriction and are not proposed to have a derogation.

Valves and facilities are designed to be long lasting with maintenance.

If valves for maintenance fall under the restrictions, socio-economic benefits will suffer.
There are potential risks arising from some alternatives.

Those risks are expected to be greater than the risks of PFAS persistence.

In Article 60 of the REACH Regulation,

the European Commission should also consider “whether the transfer to alternatives would
result in reduced overall risks to human health and the environment” when deciding on an
application for authorization.

We demand that maintenance valves be listed under the "derogation without a time limit"

for the health and safety of EEA people.
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Comment on Proposed Restriction of PFAS

Japan Valve Manufacturers' Association (JVMA)

Japan Valve Manufacturers Association (JVMA) appreciates the opportunity to provide

comments to the PFAS restriction proposal.

1. Introduction

JVMA was established in 1954 and has been a representative association of Japanese
valve industry for nearly seventy years. As of today, we are comprised of 115 major
domestic valve manufacturers including several Japanese subsidiaries of European valve
makers and additional 68 associate companies. Since our establishment, we have
implemented various effective programs to contribute to society, occasionally cooperating
with some of Central Government Ministries and Agencies. Especially we are pouring the
biggest effort to resolve environmental problems, so the Environmental Committee and
four working groups in our organization are working on the following issues:

- Greenhouse gas reduction.

- Design for the environment of valves.

- Life cycle assessment of valves.

- Gathering information on restricted substances.

- Environmental education.

To response to the PFAS restriction proposal, we have prepared a technical and

socioeconomic statement which is attached document.

2. Comment

The valve sealing parts are made of PTFE, PVDF, CTFE, PFA, ETFE, FKM, FFKM with
persistent technical functions depending on the application.

Their fluoropolymers, fluor elastomers and fluorine grease contribute to valve sealing and
durability.

Valves are widely used in waterworks, sewage treatment facilities, chemical plants, power
generation facilities, buildings, food manufacturing, pharmaceutical manufacturing,
aerospace industry, petroleum related facilities, agriculture, fisheries, ships, gas supply

facilities, hydraulic and pneumatic systems, fire prevention equipment, liquor production,





liquid filling, semiconductor manufacturing equipment, organic EL manufacturing, liquid
crystal flat panel manufacturing, battery manufacturing, fuel cell manufacturing, hydrogen-
related facilities, chemical analysis equipment, environmental analysis equipment, nuclear
facilities, etc.

The categories, industries and facilities used valves are essential uses.

Spare parts placed on the market 18 months after the restriction enters into force are
proposed to fall under the restriction and are not proposed to have a derogation.

Valves and facilities are designed to be long lasting with maintenance.

If valves for maintenance fall under the restrictions, socio-economic benefits will suffer.
There are potential risks arising from some alternatives.

Those risks are expected to be greater than the risks of PFAS persistence.

In Article 60 of the REACH Regulation,

the European Commission should also consider “whether the transfer to alternatives would
result in reduced overall risks to human health and the environment” when deciding on an
application for authorization.

We demand that maintenance valves be listed under the "derogation without a time limit"

for the health and safety of EEA people.
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Comment on Proposed Restriction of PFAS

Japan Valve Manufacturers' Association (JVMA)

Japan Valve Manufacturers Association (JVMA) appreciates the opportunity to provide

comments to the PFAS restriction proposal.

1. Introduction

JVMA was established in 1954 and has been a representative association of Japanese
valve industry for nearly seventy years. As of today, we are comprised of 115 major
domestic valve manufacturers including several Japanese subsidiaries of European valve
makers and additional 68 associate companies. Since our establishment, we have
implemented various effective programs to contribute to society, occasionally cooperating
with some of Central Government Ministries and Agencies. Especially we are pouring the
biggest effort to resolve environmental problems, so the Environmental Committee and
four working groups in our organization are working on the following issues:

- Greenhouse gas reduction.

- Design for the environment of valves.

- Life cycle assessment of valves.

- Gathering information on restricted substances.

- Environmental education.

To response to the PFAS restriction proposal, we have prepared a technical and

socioeconomic statement which is attached document.

2. Comment

The valve sealing parts are made of PTFE, PVDF, CTFE, PFA, ETFE, FKM, FFKM with
persistent technical functions depending on the application.

Their fluoropolymers, fluor elastomers and fluorine grease contribute to valve sealing and
durability.

Valves are widely used in waterworks, sewage treatment facilities, chemical plants, power
generation facilities, buildings, food manufacturing, pharmaceutical manufacturing,
aerospace industry, petroleum related facilities, agriculture, fisheries, ships, gas supply

facilities, hydraulic and pneumatic systems, fire prevention equipment, liquor production,





liquid filling, semiconductor manufacturing equipment, organic EL manufacturing, liquid
crystal flat panel manufacturing, battery manufacturing, fuel cell manufacturing, hydrogen-
related facilities, chemical analysis equipment, environmental analysis equipment, nuclear
facilities, etc.

The categories, industries and facilities used valves are essential uses.

Spare parts placed on the market 18 months after the restriction enters into force are
proposed to fall under the restriction and are not proposed to have a derogation.

Valves and facilities are designed to be long lasting with maintenance.

If valves for maintenance fall under the restrictions, socio-economic benefits will suffer.
There are potential risks arising from some alternatives.

Those risks are expected to be greater than the risks of PFAS persistence.

In Article 60 of the REACH Regulation,

the European Commission should also consider “whether the transfer to alternatives would
result in reduced overall risks to human health and the environment” when deciding on an
application for authorization.

We demand that maintenance valves be listed under the "derogation without a time limit"

for the health and safety of EEA people.
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Comment on Proposed Restriction of PFAS

Japan Valve Manufacturers' Association (JVMA)

Japan Valve Manufacturers Association (JVMA) appreciates the opportunity to provide

comments to the PFAS restriction proposal.

1. Introduction

JVMA was established in 1954 and has been a representative association of Japanese
valve industry for nearly seventy years. As of today, we are comprised of 115 major
domestic valve manufacturers including several Japanese subsidiaries of European valve
makers and additional 68 associate companies. Since our establishment, we have
implemented various effective programs to contribute to society, occasionally cooperating
with some of Central Government Ministries and Agencies. Especially we are pouring the
biggest effort to resolve environmental problems, so the Environmental Committee and
four working groups in our organization are working on the following issues:

- Greenhouse gas reduction.

- Design for the environment of valves.

- Life cycle assessment of valves.

- Gathering information on restricted substances.

- Environmental education.

To response to the PFAS restriction proposal, we have prepared a technical and

socioeconomic statement which is attached document.

2. Comment

The valve sealing parts are made of PTFE, PVDF, CTFE, PFA, ETFE, FKM, FFKM with
persistent technical functions depending on the application.

Their fluoropolymers, fluor elastomers and fluorine grease contribute to valve sealing and
durability.

Valves are widely used in waterworks, sewage treatment facilities, chemical plants, power
generation facilities, buildings, food manufacturing, pharmaceutical manufacturing,
aerospace industry, petroleum related facilities, agriculture, fisheries, ships, gas supply

facilities, hydraulic and pneumatic systems, fire prevention equipment, liquor production,





liquid filling, semiconductor manufacturing equipment, organic EL manufacturing, liquid
crystal flat panel manufacturing, battery manufacturing, fuel cell manufacturing, hydrogen-
related facilities, chemical analysis equipment, environmental analysis equipment, nuclear
facilities, etc.

The categories, industries and facilities used valves are essential uses.

Spare parts placed on the market 18 months after the restriction enters into force are
proposed to fall under the restriction and are not proposed to have a derogation.

Valves and facilities are designed to be long lasting with maintenance.

If valves for maintenance fall under the restrictions, socio-economic benefits will suffer.
There are potential risks arising from some alternatives.

Those risks are expected to be greater than the risks of PFAS persistence.

In Article 60 of the REACH Regulation,

the European Commission should also consider “whether the transfer to alternatives would
result in reduced overall risks to human health and the environment” when deciding on an
application for authorization.

We demand that maintenance valves be listed under the "derogation without a time limit"

for the health and safety of EEA people.
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Comment on Proposed Restriction of PFAS

Conference of Fluoro-Chemical Product Japan (FCJ)

On behalf of chemical manufacturers, we, Conference of Fluoro-Chemical Product Japan
(FCJ), have been working tirelessly to comply with national chemical regulations. We have
supported EU's ambitious attempts to reduce risks from hazardous substances and have
sincerely responded to actual measures to meet the requirements of EU chemical regulations
such as REACH.

However, we believe that the proposed restriction of PFAS (Per- and Polyfluoroalkyl
substances) proposed by 5 European countries is an excessive measure because it restricts
more than 10,000 of organofluorine compounds (PFAS) on the grouping basis that they are
persistent as substances of concern equivalent to the already regulated PFOS and PFOA.

Therefore, we intend to present the following views at the public consultation of ECHA, to

which is one of the actions FCJ recommends.

(1) Concerns about inconsistencies in the proposed restriction

Article 68 (1) REACH refers to the scope of the restrictions, which regulates
unacceptable risks to human health or the environment that need to be addressed by
society as a whole.

The proposed restriction lists persistent chemicals (which may remain in the environment
longer than any other man-made chemical), bioconcentration, mobility, the possibility of
long-distance transport, accumulation in plants, the possibility of global warming, and
toxicological effects as concerns and reasons for the restriction. Of these, persistent is
applicable to all targeted organofluorine compounds (PFAS), but other concerns are related
to some compounds.

Persistency common to all organofluorine compounds (PFAS) can be rephrased as "high
durability" by focusing on its advantages, however, we believe that it is not appropriate to
regulate this property alone as an unacceptable risk to human health or the environment. In
addition, it is not appropriate to apply the concerns about some fluorinated compounds,

such as bioconcentration potential and toxicological effects, by grouping all organofluorine





compounds (PFAS) together, and if the need for new regulations is to be considered in the

future, the risk of each substance should be quantitatively assessed and discussed.

Hereafter, we respectfully submit our views on the proposed Restriction of PFAS and
express its concerns that restriction would contravene the applicable European and

international rules and agreements for the following reasons:

1. The proposed Restriction would hinder the achievement of the European Green Deal

PFASs have properties such as repelling water and oil, being resistant to heat, chemicals,
and not absorbing light, and have been widely used in water repellents, surface treatment
agents, emulsifiers, fire extinguishers, coatings, etc., and in a wide range of industrial
applications such as semiconductors, automobiles, and batteries. Many of these applications
and uses are considered "essential uses".

The applications in which PFAS are used are also critical for the European Green Deal — that
is comprehensive initiative that includes a range of policies in different areas aiming at make
Europe climate-neutral by 2050. For example, the Horizon Europe program funds research
and innovation activities in transportation, including batteries, clean hydrogen, low-carbon
steel manufacturing, the cyclical bio-based sector and the built environment. We therefore
believe that the proposed blanket Restriction of all PFAS for all uses, including uses that are
critical to the European Green Deal, would essentially hamper the achievement of European

Green Deal objectives.

2. The proposed Restriction would significantly and disproportionately hamper

international trade

If the proposed Restriction is implemented as currently announced, trade in essential goods
in which PFAS are used would be considerably restricted and supply chains around the world
would be severely disrupted.

In our view, even if alternative substances are currently being developed, these would need
to go through repeated demonstrations and evaluations and therefore they would take
considerable time before they can be implemented. Moreover, for substances for which no
alternatives have been identified yet, research and development will have to be promoted
through trial and error in the future, and even a 12 year grace period may not be sufficient to

confirm their availability.





The serious and disproportionate negative effects of the proposed Restriction on international
trade could also constitute a violation of the proportionality principle as enshrined in Article
68(1) REACH. In particular:

The proposed Restriction is disproportionate, contrary to Article 68 (1) REACH.

Article 68(1) REACH requires that any restriction decision shall take into account "the socio-
economic impact of the restriction, including the availability of alternatives". That socio-
economic impact may, among others, include, in accordance with Annex XV, i) the impact of
the restriction on the industry (e.g. manufacturers and importers) and on all other actors in
the supply chain in terms of commercial consequences, including impact on investment,
operating costs and innovation; ii) the wider implications on trade, competition and economic
development; iii) alternative risk management measurements that could meet the aim of the
proposed restriction and iv) the availability of suitable and feasible alternatives.

The proposed Restriction does not appropriately consider those elements of the socio-
economic impact and fails to balance the negative impact on international trade and the
Industry with the potential benefits of the proposed measure. It rather proposes a blanket
restriction of all PFAS substances for all uses (beyond some transitional periods for specific
uses/applications) that goes well beyond what is necessary to achieve the legitimate
objectives it pursues, and is not the least onerous measure to control the potential risks posed
by certain PFAS.

In particular, the Proposed Restriction fails to conduct a substantial assessment of the
"availability of alternatives" including: i) where alternatives have been identified, these must
be compared as to their risks and benefits to the substances proposed to be restricted and
ii) where alternatives are not yet available, the risks of the continued use of the substances
proposed to be restricted should be compared with the socio-economic consequences of
them no longer being available and of the lack of available alternatives.

In light of the above, we request that the EU limits the scope of the restriction to the extent
necessary to achieve the objectives that contribute to the social economy of the EU. In that
regard, we also request that if the restriction remains as it is, that the EU considers a "review
clause" that would enable the extension of the transitional periods in case suitable

alternatives have not been developed by the given review date.

3. The proposed Restriction restricts all PFAS as a single group

In following this grouping approach, the proposed PFAS Restriction would restrict PFAS that
have not been risk-assessed and for which an unacceptable risk has not been demonstrated,
in breach of Article 68(1) REACH.





Article 68(1) REACH provides that substance(s) can be restricted only if they pose an
unacceptable risk to human health or the environment. This unacceptable risk must be
positively demonstrated by conducting a risk assessment that follows the conditions of Annex
XV to REACH (and by cross-reference of Annex | and Annex XllIl). Such risk assessment
comprises hazard identification and characterisation, exposure assessment and risk
characterisation.

By grouping all various PFAS substances together and restricting them as a single class, the
proposed PFAS Restriction Proposal would restrict numerous PFAS substances that have
not been risk-assessed and for which no unacceptable risk has been demonstrated, in
breach of Article 68(1) REACH.

More specifically, the scope of the proposed PFAS Restriction is based on the OECD
definition of PFAS. That definition is only based on chemical structure and does not take into
account hazardous properties or risks of PFAS, as the proposed Restriction itself
acknowledges (p. 19). As a result, it covers approximately 10,000 substances with very
diverse physical, chemical and biological properties and behaviour. That broad definition
does not take into account the specific, distinct properties of different individual PFAS or
PFAS subgroups and is therefore not suitable for regulatory risk management purposes.
OECD itself acknowledges that this definition "does not conclude that all PFASs have the
same properties uses, exposures and risks" and that it can only serve a starting and
reference point as it "may be viewed as too broad" (OECD, 2021, Reconciling Terminology
of the Universe of Per- and Polyfluoroalkyl Substances: Recommendations and Practical
Guidance).

In particular, the very broad scope of proposed Restriction —which is based on the OECD
PFAS definition- does not enable a legally and scientifically sound risk assessment. By
grouping all PFAS together in a single group for risk assessment, the proposed Restriction
fails to identify and consider the specific, distinct properties of each individual PFAS or PFAS
subgroup and, in turn, to assess and characterise the hazards and risks related to those
properties in order to demonstrate that they pose an unacceptable risk to human health or
the environment.

It rather restricts all PFAS substances on the assumption that they all share a very persistent
property as their "key hazardous property" that "triggers equivalent hazards and risks”(p.21-
22). However, (very) persistence is not per se a hazardous property nor does it indicate a
risk on its own. Persistence on its own is also not sufficient to consider PFAS as giving an
"equivalent level of concern" to PBTs/vPvBs or to characterise an "unacceptable risk" within
the meaning of Article 68(1) REACH and justify a restriction. It is for those reasons that

persistence is only regulated in combination with other properties in the REACH and CLP





Regulation (e.g. together with bioaccumulation, toxicity or -under the new hazard classes
introduced to the CLP Regulation- mobility), and not alone.

Beyond PFAS’ purported very persistent property, the proposed Restriction does not identify
any other hazardous properties that are common to all PFAS. It only refers to some additional
properties that amplify the “overall concern” for some -not all- PFAS. Indeed, the Proposal
contains evidence that concerns only certain sub-sets of PFAS (mostly some long-chain
PFAS) and lacks data on other PFAS substances/subgroups and an adequate justification
as to why the conclusions for certain PFAS would be applicable to all PFAS covered by the
proposed Restriction (read-across).

For example, the proposed Restriction acknowledges that “for the majority of PFAS no, or
insufficient, data on bioaccumulation behaviour are available” and therefore that the “data on
the bioaccumulation potential of PFAS [..] are not sufficient to substantiate bioaccumulation
in the environment for all PFAS” (p.28). With respect to ecotoxicity, it mentions that “the large
number of different substances with heterogenous properties [...] in the group of PFAS
makes the assessment of their ecotoxicity very complex”(p.28). It then concludes that the
bioaccumulation potential and (eco)toxicity is expected to vary among PFAS due to their
“high diversity” and that “no overall conclusion on B/Vb and T criteria was derived for each
PFAS substance/ (sub-) group” (p. 47).

In the absence of (sufficient) evidence, the proposed Restriction fails to conduct a risk
assessment, comprising a hazard assessment and characterisation, exposure assessment
and risk characterisation, to demonstrate an unacceptable risk posed by all PFAS
substances proposed to be restricted. For example, in some applications, PFAS may be used
in enclosed spaces, where exposure to the environment is extremely limited and the risk to
human health and environmental conservation is even less. It is also possible that by not
characterising the specific risk(s) each individual PFAS/PFAS subgroup poses that the
proposed Restriction would lead to the replacement of those PFAS with non-PFAS
alternatives that could be potentially more harmful to human health and the environment
(regrettable substitution).

Even if certain PFAS would be demonstrated to pose an "unacceptable risk to human health
or the environment" within the meaning of Article 68(1) REACH, this cannot lead to the
conclusion that all PFAS pose such an unacceptable risk, without considering their varying

properties and behavior.

4. The proposed Restriction could not be lawfully based on the precautionary principle





Article 68(1) REACH requires positive demonstration that there "is" an unacceptable risk. It
is therefore not intended as a tool to address scientific uncertainties, as it is the case with the
precautionary principle. Therefore, the proposed Restriction that is largely based on scientific
uncertainties (e.g. "lack of toxicological data for the vast majority of [PFAS]"(p.32); " for
most PFASs there are insufficient data to adequately assess their effects on human health
and the environment" (p.13); "for the majority of PFASs no, or insufficient, data on
bioaccumulation behaviour are available" (p. 28)) would not meet the requirement of Article
68(1) REACH to demonstrate an unacceptable risk.

In the alternative, even if the proposed Restriction applies the precautionary principle
(although it makes no mention of it), it must had nevertheless met the conditions of EU case
law, as summarised in the Commission Communication on the precautionary principle, which
it failed to do.

In particular:

According to settled EU case law (e.g. T-584/13), the precautionary principle is “a general
principle of EU law requiring the authorities [...] to take appropriate measures to prevent
specific potential risks to public health, safety and the environment [...]". It should be used
where “there is scientific uncertainty as to existence or extent of risks to human health or the
environment [...].” While the risk assessment in the context of the precautionary principle is
“not required to provide [...] conclusive scientific evidence of the reality of the risk and the
seriousness of the potential adverse effects were that risk to become a reality”, “a preventive
measure cannot properly be based on a purely hypothetical approach to the risk, founded on
mere conjecture which has not been scientifically verified” (our emphasis).

However, the proposed Restriction lacks evidence of effects, and especially, of effects that
are adverse. Indeed, as the Proposal itself acknowledges “for most PFAS there are
insufficient data to adequately assess their effects on human health and the environment” (p.
13) and that “if releases are not minimised, humans and other organisms will be exposed to
progressively increasing amounts of PFASs until such levels are reached where effects are
likely” (p. 50). In the same vein, the Proposal also mentions that “[i]t is more likely that for
the vast majority of these substances, no study data are available to serve as a basis for
classification. In the absence of evidence to the contrary, it can therefore be assumed that
some of the less well-studied PFAAs and PFAA precursors also exhibit one or more of the
properties of concern.”(p.30).

Moreover, the persistence and accumulation of PFAS in the environment that the proposed
Restriction mainly relies on, cannot be construed as adverse effects per se.The Proposal is

therefore based merely on unsubstantiated assumptions.





In addition, the proposed Restriction fails to meet the following conditions for the
implementation of the precautionary principle set out in the Commission Communication
on the Precautionary Principle (Communication from the Commission on the precautionary
principle. Brussels, 2.2.2000 COM(2000) 1 final).

- Before the adoption of a precautionary measure, there must be first a scientific risk
assessment, comprising four steps, namely hazard identification, hazard characterisation,
appraisal of exposure and risk characterisation. In our opinion one could demonstrate that
these four steps have not been followed in the PFAS Restriction Proposal. The alleged
hazards of the PFAS have not been established and, likewise, there is little on the actual
exposure to PFAS. These elements have rather been postulated on unsubstantiated
assumptions. In the absence of reliable information on hazard and exposure, there is no
basis on which to characterise the risk, and therefore to conduct the required scientific risk
assessment for the application of the precautionary principle.

- The precautionary measure must be proportionate, non-discriminatory and
consistent with similar measures, based on examination of the potential benefits and costs.
In our opinion, the proposed PFAS restriction could be demonstrated to be disproportionate
and not the least restrictive measure that can be taken to address any PFAS-related
concerns because i) it restricts the entire class of PFAS for all applications on the basis of
mainly a “persistency concern’; ii) it does not sufficiently assess the risk and suitability of
allegedly available alternatives, and iii) it does not (adequately) assess the socio-economic
impact of such broad restriction against the alleged “significant benefits” of the restriction.

- The Proposal must identify the measures that need to be taken in order to clarify
the uncertainties that could justify precautionary measures. In particular, “measures based
on the precautionary principle should be subject to [...] to review in the light of new scientific
data.” In that respect, the Proposal does not propose measures that could be taken to resolve
the uncertainties it identifies — it rather proposes a total, blanket ban of all PFAS for all

applications (beyond some transitional periods for some applications).

5. The proposed Restriction would restrict substances without listing them contrary to
Article 68(1) REACH

Article 68(1) provides that substances that pose an unacceptable risk to human health or the
environment could be the subject of a restriction. Article 68(1) restriction should therefore
identify the substances proposed to be restricted. Annex XV, Section 3 of REACH also
specifies that the restriction "shall include the identity of the substance [...]". Such identify

should be chemical specific, including name, identification numbers, molecular and structural





formulas, etc. Indeed, REACH defines a "substance" as "a chemical element and its
compounds" (Article 3(1) REACH). This is also clearly reflected in the European Chemicals
Agency (ECHA) Guidance for the preparation of an Annex XV dossier (p. 108) that specifies
that the restriction proposal must provide "details on the identity of the substance (name,
CAS, EC number, registration number (if available), molecular formula, structural formula,
purity and impurities)".

In light of the above, the proposed Restriction fails to adequately identify and list the specific
chemical substances proposed to be restricted. Instead, it prohibits the manufacturing, use
or placing on the market of any substance "that contains at least one fully fluorinated methyl
(CF3-) or methylene (-CF2-) carbon atom, without any H/CI/Br/l attached to it" (p.4). It does
not provide the names or identification numbers of the specific substances that are covered

by this broad definition, as required.

(2) Exclusion by PFAS Sub-category(substance)

As mentioned in (1), a class of compounds (PFAS sub-category) having widely different
properties, such as fluoropolymers and fluorinated gases, are all grouped as PFAS and
subject to restrictions. On page 16 of the report, citing the OECD report, PFAS are sub-
categorised into 4 major categories and 30 middle categories. B.3 Classification and
labeling and B.4 Environmental fate properties in the Annex B report and are evaluated
based on these sub-categories, respectively, and we believe that risk can be more
appropriately assessed by sub-categorising rather than grouping as PFAS.

For example, fluoropolymers are thermally, biologically, and chemically stable, barely
soluble in water, immobile, insoluble (Water, Octanol, etc.), and too large to migrate to cell
membranes, so they are not incorporated into the body and are considered low concern
from a human and environmental health perspective’2. The findings demonstrate that
fluoropolymers are a distinct group from PFOA and PFOS and should not be combined with
them for hazard assessment or regulatory purposes. Fluoropolymers are the only materials
that simultaneously possess heat resistance, weather resistance, chemical resistance,
water repellency, lubricity, and unique optical/electrical properties, and they have become
indispensable materials in many fields, including the energy field (Fuel cells and lithium-ion
batteries), semiconductor field (Clean members, etching gas), electrical and electronic
communications field (Wire cladding and liquid crystal materials), transportation field (Cars,
airplanes, railroads), and medical field (Catheters, protective clothing). It is necessary to
carefully re-examine whether the uniform regulations for PFAS are appropriate in light of

the chemical hazards and risks of the substances in question. In particular, fluoropolymers





should be excluded from the current regulations because they are highly stable materials
and have no concerns about bioconcentration or toxicological effects.

Fluorinated gas is a highly safe compound in terms of toxicity and combustibility, and it is
used in many applications in terms of efficiency and cost. In addition, fluorinated gas itself
is not persistent in the persistent properties proposed in the PFAS restriction proposal. In
addition, trifluoroacetic acid, which is a degradable product of fluorinated gas itself and is a
concern in the proposed restriction, has also been shown to pose a low risk of toxicity to
living organisms and human bodies in the reports of the Environment Agency of Germany
and Norway, who actually submitted this restriction proposal®#. These results indicate that
fluorinated gas should not be considered for regulation as a group with PFOA and PFOS.

In addition, the reduction of fluorinated gas usage is being considered in the F-gas
regulations, and from the standpoint of dual regulations, we do not believe that it should be

considered in the PFAS regulations.

Reference:

1: Barbara H et al., Integrated Environmental Assessment and Management, Vol14(3),
p316-334.

https://setac.onlinelibrary.wiley.com/doi/full/10.1002/ieam.4035

2: Stephen K et al, Integrated Environmental Assessment and Management, Vol19(2),
p326-354

https://setac.onlinelibrary.wiley.com/doi/10.1002/ieam.4646

3: German Environment Agency, Reducing chemical input into water bodies —
trifluoroacetate (TFA) as a persistent and mobile substance from many sources, 2021
4: Norwegian Environment Agency, Study on environmental and health effects of HFO

refrigerants, 2017
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Comment on Proposed Restriction of PFAS

Japan Valve Manufacturers' Association (JVMA)

Japan Valve Manufacturers Association (JVMA) appreciates the opportunity to provide

comments to the PFAS restriction proposal.

1. Introduction

JVMA was established in 1954 and has been a representative association of Japanese
valve industry for nearly seventy years. As of today, we are comprised of 115 major
domestic valve manufacturers including several Japanese subsidiaries of European valve
makers and additional 68 associate companies. Since our establishment, we have
implemented various effective programs to contribute to society, occasionally cooperating
with some of Central Government Ministries and Agencies. Especially we are pouring the
biggest effort to resolve environmental problems, so the Environmental Committee and
four working groups in our organization are working on the following issues:

- Greenhouse gas reduction.

- Design for the environment of valves.

- Life cycle assessment of valves.

- Gathering information on restricted substances.

- Environmental education.

To response to the PFAS restriction proposal, we have prepared a technical and

socioeconomic statement which is attached document.

2. Comment

The valve sealing parts are made of PTFE, PVDF, CTFE, PFA, ETFE, FKM, FFKM with
persistent technical functions depending on the application.

Their fluoropolymers, fluor elastomers and fluorine grease contribute to valve sealing and
durability.

Valves are widely used in waterworks, sewage treatment facilities, chemical plants, power
generation facilities, buildings, food manufacturing, pharmaceutical manufacturing,
aerospace industry, petroleum related facilities, agriculture, fisheries, ships, gas supply

facilities, hydraulic and pneumatic systems, fire prevention equipment, liquor production,





liquid filling, semiconductor manufacturing equipment, organic EL manufacturing, liquid
crystal flat panel manufacturing, battery manufacturing, fuel cell manufacturing, hydrogen-
related facilities, chemical analysis equipment, environmental analysis equipment, nuclear
facilities, etc.

The categories, industries and facilities used valves are essential uses.

Spare parts placed on the market 18 months after the restriction enters into force are
proposed to fall under the restriction and are not proposed to have a derogation.

Valves and facilities are designed to be long lasting with maintenance.

If valves for maintenance fall under the restrictions, socio-economic benefits will suffer.
There are potential risks arising from some alternatives.

Those risks are expected to be greater than the risks of PFAS persistence.

In Article 60 of the REACH Regulation,

the European Commission should also consider “whether the transfer to alternatives would
result in reduced overall risks to human health and the environment” when deciding on an
application for authorization.

We demand that maintenance valves be listed under the "derogation without a time limit"

for the health and safety of EEA people.
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Comment on Proposed Restriction of PFAS

Japan Valve Manufacturers' Association (JVMA)

Japan Valve Manufacturers Association (JVMA) appreciates the opportunity to provide

comments to the PFAS restriction proposal.

1. Introduction

JVMA was established in 1954 and has been a representative association of Japanese
valve industry for nearly seventy years. As of today, we are comprised of 115 major
domestic valve manufacturers including several Japanese subsidiaries of European valve
makers and additional 68 associate companies. Since our establishment, we have
implemented various effective programs to contribute to society, occasionally cooperating
with some of Central Government Ministries and Agencies. Especially we are pouring the
biggest effort to resolve environmental problems, so the Environmental Committee and
four working groups in our organization are working on the following issues:

- Greenhouse gas reduction.

- Design for the environment of valves.

- Life cycle assessment of valves.

- Gathering information on restricted substances.

- Environmental education.

To response to the PFAS restriction proposal, we have prepared a technical and

socioeconomic statement which is attached document.

2. Comment

The valve sealing parts are made of PTFE, PVDF, CTFE, PFA, ETFE, FKM, FFKM with
persistent technical functions depending on the application.

Their fluoropolymers, fluor elastomers and fluorine grease contribute to valve sealing and
durability.

Valves are widely used in waterworks, sewage treatment facilities, chemical plants, power
generation facilities, buildings, food manufacturing, pharmaceutical manufacturing,
aerospace industry, petroleum related facilities, agriculture, fisheries, ships, gas supply

facilities, hydraulic and pneumatic systems, fire prevention equipment, liquor production,





liquid filling, semiconductor manufacturing equipment, organic EL manufacturing, liquid
crystal flat panel manufacturing, battery manufacturing, fuel cell manufacturing, hydrogen-
related facilities, chemical analysis equipment, environmental analysis equipment, nuclear
facilities, etc.

The categories, industries and facilities used valves are essential uses.

Spare parts placed on the market 18 months after the restriction enters into force are
proposed to fall under the restriction and are not proposed to have a derogation.

Valves and facilities are designed to be long lasting with maintenance.

If valves for maintenance fall under the restrictions, socio-economic benefits will suffer.
There are potential risks arising from some alternatives.

Those risks are expected to be greater than the risks of PFAS persistence.

In Article 60 of the REACH Regulation,

the European Commission should also consider “whether the transfer to alternatives would
result in reduced overall risks to human health and the environment” when deciding on an
application for authorization.

We demand that maintenance valves be listed under the "derogation without a time limit"

for the health and safety of EEA people.
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Comment on Proposed Restriction of PFAS

Japan Valve Manufacturers' Association (JVMA)

Japan Valve Manufacturers Association (JVMA) appreciates the opportunity to provide

comments to the PFAS restriction proposal.

1. Introduction

JVMA was established in 1954 and has been a representative association of Japanese
valve industry for nearly seventy years. As of today, we are comprised of 115 major
domestic valve manufacturers including several Japanese subsidiaries of European valve
makers and additional 68 associate companies. Since our establishment, we have
implemented various effective programs to contribute to society, occasionally cooperating
with some of Central Government Ministries and Agencies. Especially we are pouring the
biggest effort to resolve environmental problems, so the Environmental Committee and
four working groups in our organization are working on the following issues:

- Greenhouse gas reduction.

- Design for the environment of valves.

- Life cycle assessment of valves.

- Gathering information on restricted substances.

- Environmental education.

To response to the PFAS restriction proposal, we have prepared a technical and

socioeconomic statement which is attached document.

2. Comment

The valve sealing parts are made of PTFE, PVDF, CTFE, PFA, ETFE, FKM, FFKM with
persistent technical functions depending on the application.

Their fluoropolymers, fluor elastomers and fluorine grease contribute to valve sealing and
durability.

Valves are widely used in waterworks, sewage treatment facilities, chemical plants, power
generation facilities, buildings, food manufacturing, pharmaceutical manufacturing,
aerospace industry, petroleum related facilities, agriculture, fisheries, ships, gas supply

facilities, hydraulic and pneumatic systems, fire prevention equipment, liquor production,





liquid filling, semiconductor manufacturing equipment, organic EL manufacturing, liquid
crystal flat panel manufacturing, battery manufacturing, fuel cell manufacturing, hydrogen-
related facilities, chemical analysis equipment, environmental analysis equipment, nuclear
facilities, etc.

The categories, industries and facilities used valves are essential uses.

Spare parts placed on the market 18 months after the restriction enters into force are
proposed to fall under the restriction and are not proposed to have a derogation.

Valves and facilities are designed to be long lasting with maintenance.

If valves for maintenance fall under the restrictions, socio-economic benefits will suffer.
There are potential risks arising from some alternatives.

Those risks are expected to be greater than the risks of PFAS persistence.

In Article 60 of the REACH Regulation,

the European Commission should also consider “whether the transfer to alternatives would
result in reduced overall risks to human health and the environment” when deciding on an
application for authorization.

We demand that maintenance valves be listed under the "derogation without a time limit"

for the health and safety of EEA people.
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Comment on Proposed Restriction of PFAS

Japan Valve Manufacturers' Association (JVMA)

Japan Valve Manufacturers Association (JVMA) appreciates the opportunity to provide

comments to the PFAS restriction proposal.

1. Introduction

JVMA was established in 1954 and has been a representative association of Japanese
valve industry for nearly seventy years. As of today, we are comprised of 115 major
domestic valve manufacturers including several Japanese subsidiaries of European valve
makers and additional 68 associate companies. Since our establishment, we have
implemented various effective programs to contribute to society, occasionally cooperating
with some of Central Government Ministries and Agencies. Especially we are pouring the
biggest effort to resolve environmental problems, so the Environmental Committee and
four working groups in our organization are working on the following issues:

- Greenhouse gas reduction.

- Design for the environment of valves.

- Life cycle assessment of valves.

- Gathering information on restricted substances.

- Environmental education.

To response to the PFAS restriction proposal, we have prepared a technical and

socioeconomic statement which is attached document.

2. Comment

The valve sealing parts are made of PTFE, PVDF, CTFE, PFA, ETFE, FKM, FFKM with
persistent technical functions depending on the application.

Their fluoropolymers, fluor elastomers and fluorine grease contribute to valve sealing and
durability.

Valves are widely used in waterworks, sewage treatment facilities, chemical plants, power
generation facilities, buildings, food manufacturing, pharmaceutical manufacturing,
aerospace industry, petroleum related facilities, agriculture, fisheries, ships, gas supply

facilities, hydraulic and pneumatic systems, fire prevention equipment, liquor production,





liquid filling, semiconductor manufacturing equipment, organic EL manufacturing, liquid
crystal flat panel manufacturing, battery manufacturing, fuel cell manufacturing, hydrogen-
related facilities, chemical analysis equipment, environmental analysis equipment, nuclear
facilities, etc.

The categories, industries and facilities used valves are essential uses.

Spare parts placed on the market 18 months after the restriction enters into force are
proposed to fall under the restriction and are not proposed to have a derogation.

Valves and facilities are designed to be long lasting with maintenance.

If valves for maintenance fall under the restrictions, socio-economic benefits will suffer.
There are potential risks arising from some alternatives.

Those risks are expected to be greater than the risks of PFAS persistence.

In Article 60 of the REACH Regulation,

the European Commission should also consider “whether the transfer to alternatives would
result in reduced overall risks to human health and the environment” when deciding on an
application for authorization.

We demand that maintenance valves be listed under the "derogation without a time limit"

for the health and safety of EEA people.






