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Regulatory Challenges to the use of Fluoropolymers in
the Coatings Industry
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World Coatings Council

e Established in 1992, the council ensures that

industry coordinates the development of industry
LUor‘Ic.j policy on international issues
COOt'“QS  Granted NGO status in 2005 from the United
Council” Nations Economic and Social Council

« Sixteen association members representing all
areas of globe

« All members pay annual dues based on the size
of their organizations.

« ACA serves as Secretariat and provides staffing
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PaintCare-

RECYCLING MADE EASY

 Formed in 2009, Subsidiary of ACA; nonprofit [501(c)3]
* Producer responsibility organization (PRO) — implement requirements
of paint stewardship laws for architectural paint manufacturers

PaintCare
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RECYCLING MADE EASY

sillen PaintCare 2009-2024

/6%

Of total latex paint
collected was recycled

T . .
COLLECTED TO DATE back into paint

85% latex 15% oil-based
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A. Non-polymer molecule <:>

B. Polymer 2 a2 A A A A |

C. Copolymer

Figure 1-1. Non-polymer, Polymer, and Copolymer
Molecules
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Non-polymers |

Perfluoroalkyl
Substances

+ PFCAs
« PFSAs
» PASFs
« PFAs

« FASAs
» And more

e.g., PFOS, PFOA, PFHxS, PFBS,
PFBA, PFHxA, HFPO-DA

Uses:

» Surfactants

* Fluoropolymer processing aids

» Major raw material for surfactant
‘ and surface protection products
- | = Other

Polyfluoroalkyl
Substances

+ FTSAs
» FTOHs
» PFESAs
+ PFECAs
+ And more

e.g., ADONA, 8:2 FTCA, 8:2 FTSA,
nETFOSA

Uses:

» Major raw material for surfactant
and surface protection products

» Surfactant and intermediate
transformation product

* Other

Polymers*

. Eluoropolymer plastics

« Polymeric perfluoro
polyethers (PFPE)

+ Side-chain fluorinated
polymers

Referred to as polymers of low
concern (e.g., PTFE, FEP, PFA, PVDF)

Uses:

* Transportation

¢ Electronics

* Automotive

* Building/construction
* Devices/equipment

¢ Other

* No universally accepted or U.S.
legal or regulatory definition of
fluoropolymers

Perfluoroalkyl substances: Compounds for which all H atoms on all C atoms in the alkyl chain attached to the functional group
have been replaced with F
Polyfluoroalkyl substances: Compounds for which all H atoms on at least one (but not all) C atoms have been replaced with F

Source: ITRC, 2022, “PFAS — Per- and Polyfluoroalkyl Substances,” Report No. PFAS-1, Interstate Technology and
Regulatory Council, Washington, D.C.

Figure 2-1. Per- and Polyfluoroalkyl Substances Family Tree and Classification
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ETFE

Fluoropolymers (FP) PTFE
ECTFE - Copolymer of ethylene ——
and chlorofrifluoroethylene Pol
ETFE - Ethylene tetrafluoroethylene olymers PFA
FEP - Fluorinated ethylene propylene e e Y
PFA - Perfluoroalkoxy polymer Severew limited THV
PTFE - Polytetrafluoroethylene ape
PVDF - Polyvinylidene fluoride permeability Polystyrene (not FP)
THV - Terpolymer of tetrafluoro- through cell
ethylene, hexafluoropropylene membrane HDPE (not FP)
and vinylidene fluoride (M atsson and
Common Polymers (but not FPs) Kihlberg. 201 7) _PVDF
HDPE - High-density polyethylene g, PC t FP
PET - Polyethylene terephthalate S (no )
PC - Polycarbonate ECTFE
PET (not FP) /
PFOS
Found in blood _w PENA
serum (ITRC, 2022 . - Non-polymers
( ) APFO  Assuming TFE is the length of a PEOA . Potuoraoctancie aoid
PFOA standard U.S. rail car (~60 ft), the ﬁggﬁ : 59200“30018"9 $U'f°r('jic acid
. 2 - Perfluorononanoic aci
HFPO-DA gl_?_::ag(z? reP;_erg;“ed by makmgh HFPO-DA -Hexaﬂugroprgp;/lerfe oxide
— rom is a train as "short" dimer acid (commonly known
Increasing PFH as 45 miles to almost the length of e e
water PFBS the longeSt l:a”way in t_he world, PFBS - Perfluorobutane sulfonic acid
solubility the Trans-Siberian Railway PFIB - Perfluoroisobutylene
PFBE o - APFO - Ammonium perfluorooctanoate
(MOSCOW VladIVOStOk)' PFBE - Perfluorobutyl ethylene
PFIB /-// TFE - Tetrafluoroethylene
TFE 4
Ethylene (not PFAS)
E+01 1E+02 1E+03 1E+04 1E+05 1E+06 1E+07

Molecular weight, Da

1E+08

Figure 2-5, Properties of Polymeric and Non-Polymeric Per- and Polyfluoroalkyl Substances
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Table 2-1. Per- and Polyfluoroalkyl Substances (PFAS) Assigned to Eight Structure Categories

Total number of
Structure Category substances Percentage (%) Comments

100
200
300
400
500

600

700

800

Total

Perfluoroalkyl carbonyl compounds
Perfluoroalkane sulfonyl compounds
Perfluoroalkyl phosphate compounds
Fluorotelomer-related compounds

Per- and polyfluoroalkyl ether-based
compounds

Other PFAA precursors and related
compounds—perfluoroalkyl ones

Other PFAA precursors or related
compounds—semifluorinated

Fluoropolymers

629
23
1872
365

314

746

267

4,730

10.9
13.3
0.5
39.6
7.7

6.6

15.8

5.6

100.0

Non-polymer
Non-polymer
Non-polymer
Non-polymer and polymer
Non-polymer and polymer

Non-polymer
Non-polymer

Polymer

Source: OECD, 2018, “Toward a new comprehensive global database of per- polyfluoroalkyl substances (PFASs): Summary
report on updating the OECD 2007 list of per- and polyfluoroalkyl substances (PFASs),” OECD Series on Risk Management,

No. 39, Organisation for Economic Co-operation and Development, Paris, France.
PFAA

= perfluoroalkyl acid.
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ELECTRONICS

Improves insulation,
weather-ability,
@ transparency and
water-resistance.

Provides smooth and
smudge-resistant
touch screens

AEROSPACE/
. DEFENSE

/ Enables chemical-resistant

. tubes hoses and fluid seals; high

. and low temperature [ _
hydraulic fluids used in aircraft control
| systems andbrakes; and ultra-high

frequency wire and cable insulation

; necessary for navigation,

~ fly-by-wire control and
" aircraft communications.

BUILDING/
CONSTRUCTION
Enhances durability,

UV resistance and
anti-corrosive properties to
lengthen the lifetime of
infrastructure, facades
and surfaces.

FIRST
RESPONDERS

Offers life-saving
protection in safety
gear and firefighting
foams used to fight

flammable liquid

fires. safety of fuel system seals and

AUTOMOTIVE
Provides every
automotive system with

durability, heat and chemical
resistance and vapor barriers.
Increases reliability of engine -

compartment wirings and ga

and improves auto safety by

OIL AND GAS
Provides reliable
equipment to help improve

the safety and affordability of
oil-field and pipeline operations.

Improves the reliability and

hoses, O-rings and downhole
and field equipment

gaskets,
-

uges
9 a

reducing engine compartment

fires. Protects carpets an

d

seats against stains, soil,

oil and water.

ENERGY

Enables lithium
batteries, fuel cells and
solar panels, which
contribute to reduced
emissions and
energy costs.

ALTERNATIVE \ 4 ‘Y

FLUORINE i\l CARBON

FluoroTechnology is the use of fluorine chemistry to create any
fluorinated product. When fluorine and carbon atoms join together,
they create a powerful chemical bond. The use and manipulation of this
bond gives FluoroTechnology its distinct properties of strength, durability,
heat-resistance and stability. These properties are critical to the reliable and
safe function of myriad products that industry and consumer rely on every day.

MILITARY
Enables apparel and
equipmentto provide

high-barrier skin
protection in extreme
environments and
against chemical
warfare agents.

CHEMIC
PHARMACEUTICAL
MANUFACTURING

Provides sterile,
- corrosion-resistant

HEALTHCARE coati:‘g‘z,i'l,i':i:'?'s and
Serves as high
dielectric insulators in
medical equipment that relies
on high frequency signals, like
defibrillators, pacemakers and CRT,
PET and MRI imaging devices. Used
to treat medical garments, drapes
and divider curtains to protect
against the transmission
of diseases and
infections.

OUTDOOR
APPAREL/
EQUIPMENT
Creates breathable membranes
and long-lasting finishes that
provide water repellency, oil
repellency, stain resistance
and soil release with
abrasion-resistant
finishes for apparel
and equipment.

American
Chemistry
Council

Source: Sullivan, H., 2021, “Dyeing, Printing & Finishing: PFAS — A Textile Perspective,” Textile World.

Figure 2-6. Fluoropolymer and Fluorotechnology End Uses by Industry

e AmericanCoatings
ASSOCIATION™



Fluoropolymer Alternatives?

No industrial scaled materials are currently available that could replace
fluoropolymers.

While some potential alternatives might meet one or a few of the desired
performance characteristics, none meet all desired performance
characteristics.

Superior performance characteristics of fluoropolymers:

. Maintains performance at high temperatures, exceeding 260
degrees Celsius.

. Resistance to UV radiation.

. Low weight.

. Considerable strength and durability.
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TABLE 2 Fluoropolymer properties and functionality

Durable Inert—Stable
See Supporting Cryogenic
Information: Chapter 2 for Mechanical Wear Low coefficient  Resistance to properties (lower High operating High limiting
property descriptions strength resistance  Flexibility of friction chemicals Weatherability than -50°C) temperature range oxygen index
Fluoroplastics
PVDF Homopolymer ° . . . . o .
PVDF Copolymer . . . . . . .
ECTFE Copolymer * ° o . . . o .
ECTFE Terpolymer . o . . o .
PCTFE . . . . . . . .
FEVE . . o . . . . .
EFEP . . . . . . . .
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Fluoropolymer Alternatives?

The use of alternative technologies in favor of fluoropolymers could
result in several economic implications, including production and
performance efficiency losses, increased capital and maintenance
costs, and regression of current technologies. Alternative
technologies used in favor of fluoropolymers could also pose indirect
economic implications, including potential higher safety risks,
increases in emissions, and impacts to technical advancement.
(Department of Energy, Assessment of Fluoropolymer Production
and Use With Analysis of Alternative Replacement Materials,
January, 2024, Section 5.2.2.)
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https://www.osti.gov/biblio/2370520

T FLUOROPOLYMER . -
/ PRODUCTION 4
H :
=~ PRODUCT
MANUFACTURING
PRODUCT o
2 B DISPOSAL probuct 440
USE
B ‘ ¥ .
h D 1 I
emissions: exposure:
air » worker
@ soil & consumer @& >
water community P

Source: Lohmann et al., 2020, “Are Fluoropolymers Really of Low
Concern for Human and Environmental Health and Separate from Other o2 . _
PFAS?,” Environmental Science and Technology, 54(20). D A NCosngS



Table 4. July 2024 Comparison of UCMR 5 Average Results and the MCLs for Regulated PFAS

Total Number of | % of
number of | locations locations
locations with an with an
with a full average average

set of greater greater than
results? than MCL MCL

Total number | Number of | % of PWSs
of PWSs with | PWSs with | with
location(s) average(s) average(s)
with a full set | greater greater

of results than MCL than MCL

Regulated PFAS

PFOS 0.0040
PFOA 0.0040
HFPO-DA (GenX chemicals) 0.01
PFHXS 0.01
PFNA 0.01

Hazard Index 1
(HFPO-DA, PFHxS, PFNA, PFBS) | (unitless)

Total number of unique PWSs with one or more averages greater than MCL = 393 of 3,463 (11%)
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OECD Polymer of Low Concern (PLC) Criteria
v v v
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FIGURE 1 OECD polymer of low concern (PLC) criteria add (C) 2021 W.L.Gore & Associates
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PFAS Federal and State Restrictions

. Federal Level:
e TSCA reporting of manufacture and import of PFAS due May 2025, 10-year look back period.
* National Drinking Water Standards for PFOA, PFOS and 4 others are lowest globally.
e Designation of PFOA and PFOS as “hazardous” for site clean-up and remediation (CERCLA).
* Proposal to list wastes with PFOA, PFOS and possibly other PFAS as “hazardous.”

Il. State Level:
* Bans for all products with “intentionally added PFAS” in Maine and Minnesota, effective Jan 2032.
e State definitions include single C-F molecules.
* Earlier bans on specialty products: textiles, cookware, juvenile products, leather treatments, etc.
* Product reporting requirements and transparency in Maine and Minnesota.

lll. Key Challenges:
» Definition of PFAS/fluoropolymers
* Scope of reportable information, confidentiality of information.
e Public of reported information
* |dentification of PFAS in trace amounts.
* Exemptions for “currently unavoidable use”: exemption criteria, duration of exemption, etc.
* Reporting fees.
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ACA’s Regulatory
Goals

Sound Science
The evidence

supports segregation
of fluoropolymers in
a regulatory
framework with
reasonable
guardrails.

Consistency

Reasonableness
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* Heidi McAuliffe, Esg

e Senior Vice President, Government Affairs

 hmcauliffe@paint.org
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