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Critical Use of Fluoropolymers in the
Functioning of Modern Society

Jaime Sles, Michal SclpfandDecpak Kapoor
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progres an well bing ofscien in fi. bey ares: safe welling, emsianment and
Feat dasamsa pedomence an comfort beng the ft the only ove het
cena attted todsperse comsener eppaions

1 Introduction pacted by the restriction, and to which extent. The
definition?usedby regulators to define thescopeof

For many yeas, tornplans stances opus atswappraimately ooodemcals
(FAS) hvebo t he cnr of he elton de. potentlyundersh mbrelaofis ate. The
Vote many rio, Ewe, os boon ot the PENS cn bested nd Scant va.
cvmmoroitneea a0 hes Sambo Sesot styher romper ebmeas
thaBurpesn Emami Arvenprcsed swnienion _ ctuntechclinawiedgefoul vndersanasuch
Loe resricton propo ner the REACH Reg. erences and whe smote, the diferent vas of
ulation on all PFAS." Since then, different debates applicationsofthe components of those sub-groups,
Rave ben nee elvngeacouseben. witht ive comely aposte feof op.
Ear ———deo. Tra
A

150ER parr eIonon Sl
mec FEA, Even group they san be cary

So pate Sembee pore ooorg
ADTASIE Son and sce’ Thee diferences apply aoSmmSTE ctor im hich theiene
ETRECSET" ered by the PEAS definition can be used. For exam
birom. foCoren: Ssechemiense ple, while fuoropolymersare used mainly in ndus-

| ErinTaepensloci snbosdprss il applications, other fluorinated polymers (c.TTSSTeth socalled Sk Chan Fariatd Fons)
Spon matessaladsone haseis extensive use in dispersive consumer applications,Sr ? m

© ot tecometittp. 0h 8 eles, ugha, thr, appl ado.PRT Lida Due oth Highly vlabl roprtis eg nor
+ pptspot tn i orto san, nd rag To
bt topolymers have also seen some use in applications
Re, ten od withpotentialconsumer contact. The most classical



30. CraUse of Foroplymes nthe Fencing of der Society crt on

one is he us fo cong ying pans gant ants Based om thse definitions he use of frying pons
dheence proprio potcsionsor chica coed with Tacropaymers sno consumer we.
clothing Direct consumer uses of fluoropolymers instead, the use of those pans has 10be evaluated as.
are possible, suchas incosmetics” ski waxes *or as a service life. In contrary 10 the useof a frying pan
lubricant for chains in bicycles.” However, taking in- coated with fluoropolymers uses like cosmetics, ski
to comideraion ll he possible appcions in wsesorbicochrnbicms re dinecrconsuner
hich Muoropolymersarwedthe conrbtion of ends
spre contuner tos 1+ minima, Nonethio,
ps —
in theregulatorydiscussion has been disproportion- 11. Reasons Why Fluoropolymers are
ately magnified in comparison with the more criti Used and Benefits They Provide
al mrial uss, which are eauenty nord or
hidden by certain stakeholders. The properties that fluoropolymers provide are well
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~ High and ulrahigh purity with extremely low example, it i estimated tha around 300 km ca-
leach out properties. bles are needed in regular commercial airplanes,

~ Stresscrack and cutthrough resistance. reachingclose 0500kminsomeof the most mod
~ Flex fatigue properties enabling thermal expan en planes. These cables need to perform in vari-

Sion/contraction in temperature cycles. able conditions, such as high temperatures near
~ Biocompatibilty. the engine and low temperatures in areas close 0
- High Flex life the external part of the fusclagea high altitudes
~ Durability. On topof this, exposure to aggressive oils is be
~ Hydrophobicity; neither water nor watercontain expected for these cables. Any malfunction of the

ing substances wet fluoropolymers, providing ex. clectrical system wil lead to highisk situations
cellent repellent properties o many chemicals for passengersand crew. Fluoropolymers provide

~ Nontick, and consequently non-fouling proper. the best performance, particulary due to their x.
tie, along with sufficient bonding in certain mul cellent dielectric propertis that prevent electric
layer applications. ar fires in cables. As an example, the cas of the

Swissair 11 flight tht crashed near Peggy's Cove,
“The benefits that the useof fuoropolymers bring fo NovaScotia, on the night of 2 September 1995, re-
the diffrent applications in which they are used, sultinginthedeathof215 passengers and 14crew
basedon thecombinationofthe properties described memberscan be highlighted. Theconclusion from
above, canbecategorised in mainly 5 groups. the accident investigationreport concluded that

theaccident was causedbyafire generatedby clec-
ric ac effect, mostlikely via electrical cable asso-

1. Safety atedwiththein-light entertainment network. It
was determined that aircraft certification stan-

Fluoropalymers are materials known for their out dads for material flammability were inadequate.
standing chemical resistance. They can resist attack 10 is also worth mentioning that fuel systems in
from virally any chemical, particularly sing aicraltsarebasedon fluoropolymer ineequip
acids, basesand other corosive substances. In paral ment, a they are sable in a kerosene environ-
Tel, they are also resistant © high and low tempera: ment.
res, allowing high reliability in a broad tempera-
ture range.Thisgrants luoropolymerstheirextreme The high chemical resistance of uoropolymers,
durability: Duc0 thiscombinationofpropertiesfl combined with smooth surfaces and extremely low
oropolymers are essential materials in, for example: amount of leachables brings about enhanced dura-
~ Chemical processing industry: whenever harsh bilityandpreventsdegradationpotentialduring use.

chemicals or stringent conditions of use are re- Thisallowsthese materials to guarantee high purity
quired (cg. high temperature operations), fluo of process stecams that are handled with the aid of
ropolymersarethematerialof choice. Theyensure fluoropolymerbased. products (e. pipes, tubes,
reliability of systems which, in case of failure, pumps, valves, joints, gaskets, seal, ings). As re.
could result in high-risk situations for workers or viously discussed, this is relevant for the chemical
the environmen, due to potential leakage, spills processing industry: But high purity is also critical to
or releases of highly corrosive substances at very ensure safety conditions in other areas, for example:
High temperature. ~ Pharmaceuticals: the production of medicines,

~ Aerospace industry: fluoropolymers are used for and vaccines require highly pure streams avoid-
insulation of electrical and data transmission ca- ing contamination that may come from process
bles. These cables can be subject to extreme con- equipment, due to degradation from wear or to
ditions where ensuringreliability is critical. Asan the effectofaggressivechemicals. Failure 0 grant

this property could result in undesieed health f-
eee fects forthegeneral publicviacontamination. Fur-

10 T50C Tampon sty Bose ans,Si 11 thermore, the fact that articles based on fluo-
nitep Eee ma 203 pe ropalymers can be cleaned a high temperatures
Sams seman 0 provides an advantage in front of other materials
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hat may be used in the pharma sector such as improving the energy effcency of a single uni,
las, which has a tendency to break: and helping reduce overal size.

~Foodprocessing: a wide variety of food process. ~ Proton exchange membranes in green hydro-
smutbe handied via complex equipment. From gen: electralysers and fuel cll membranes are
conveyor bels to tubes transferring liquids (eg, used in the production of green hydrogen by an
coffee. machines), fuoropolymerbased equip. electrochemical reaction. To enable the move-
ment guarantees high purityof food avokdingcon- ment of protons from the anode o the cathode
tamination with impurities that could otherwise sideof the fu cel proton exchange mermbrane.
reach humans Here, fluoropolymers outstanding madeaof luoropolymersis usedductotheeffiien-
omic properties due 0 their very low coeffi. cy and unique durability, chemical and tempera-
cient of fiction playa key roe re resistance properties that floropolymers of-

~Waterfitration: floropalymersarc necessarych fe orthis application.
ements in membranes usedinwate ilratonsys- ~~ Renewable. energies: fluoropalymers improve.
tems. The useofoer performingproductscould th eficincy and durability of photovolac pan
reduce the ability of those membranes to ensure cls used in solar energy as well as for wind tr.

Cleanwater hatmay ater beconsumedbythegen ~~ bines.
etal population. Water systems are frequently ~ Lambda sensors in automotive: fluoropolymers
cleanedwithchlrineunder pressure, Whilemost are used in lambda sensor cables due 10 he re
materialstendtoholdon tobacteriaandalgae, this sistance to high temperatures and chemicals, di
isnot the case of fluoropolymers. electric strength, flexibility, and electrical insula

~ Medical implants: perhaps the most evident tor properties.In vehicles, lambasensors adjust
proof that fluoropolymersare intinsicall safe is the fuel amount that s sent to the engine cylin-
hat they ae the material of choice for a variety dersbyoptimizingtheairand uel mixture, which
of medical implants, including cardiovascular in turn will make the engine work properly and
Stents, patches an other products that ar inro- reduce carbon monoxide emissions. Lambda sen-
duced inthe human body and intended to remain sorsallow forthiscontrolsystema measurement
therefor along ime. I therefore becomes evident of oxygen in exhaust fumes. This is critical cle-
that flaoropolymers play a ital role in safety of ment cars and vehiclesto controlthe rateofgas
mans. emissions by ensuring that the catalytic converter

works am efficient way. Lamba sensors ensure
hat the car complies with the European regula

2. Decarbonization tions on pollutionandcarbonemissions, allowing
abettr control of environmental emisions.

Fluoropolymersar critical materials that rable the ~ Heat pumps, air conditioning and refigeration
EU Green Deal. Without these materials, key tech. systems: the contribution ofthe Heating, Venti:
nologies that are expected 10 help Europe o achieve tio, Air Conditioning and Refrigeration and hot

its ambitions energy transition wil notbeavailable, water heating (HVACR) to the Green Deal and to
or their efficiency willbe seriously compromised. the KEPovierEU plan is acknowledged by th Eu.
‘Some examples are the following; ropean Commission."! Fluoropolymersare funda-
=" Lithium-fon batteries: luoropolymers reused as mentalpatsin equipment andmachinery used in

electrode binders and separator coatings in these thissector sincetheyensure reliableperformance
batterie, providing interconnectivitywithineach HVACR. equipment is subject to. continued
electrode. This facltates electronic and onic con-
ductivity, increasing the cell manufacturing pro-
ductivity and the cellsafety.Floropolymersoffer +
unparalleledcohesiveandadhesivepropertiesun. 1 SernConpuricenombsCroiehighuoltage,allowing forcoslypcked cath. Fp enor ConCt
ode active materials for high density electrodes. Bon apnConia:os.
Wilhtheuse of uoroplymers,different battery oreo
‘components can be packedmoreclosely together, neo3s Secaa S05
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changesintemperatureand pressureaswellaspo- The construction sector is of particular relevance.
tentially harsh chemicals (efigerants). Efficient when evaluating thecontribution of fluoropolymers
HVACK systems ne torelyonmaterials thatwill to circularity. Not only do they improve fir safety
ot fail on demand and will asta long time with- and energy efficiency of modern buildings, but they
out degradation, including salings to avoid leak. also reduce the need for maimenanee, replacement
ages. Efficient refrigeration also plays a role in and cleaningofstructuresbuiltwith uoropalymer-
safety since itisnecessaryforpreservationof food based material. There are a wide variety of modern
and medicines, buildingssuchas bridges, sadiaanddomes that have

benefited from the use of modern fluoropolymer ar-
chitectural and constuction solutions.

3. Environment and Circularity

“Theextreme stabilityoffloropolymersmakesthem 4. Performance
ong lasting in the applications where they are usd.
Most of those applications involve the use of equip Fluoropolymersarefrequently thehigh-cost solution
ment based on processed fluoropolymers, in the when top performance is required. Downstream
formofpipes, bes, or otherpieces. luoroplymers usersthough their value chains see luoropolymers
extend the lf of the cquipment and devices where as the only material of choice when highly demand-
they are used. This significantly contributes to the ingprocessconditions re required. This is intimate-
objectives of a circular economy by reducing the ly linked to the fact tha such value chains usually
amountofwaste thasocietyneeds tohandle. Replac- ladtotopoftherange end-products in termsoftech-
im fluoropolymersbyother materials that wouldbe nology or socital progess.
less efficient in providing the required properties The semiconductor industry isa clear example of
would resultinreducedlfspan,increased need for this. In th production of modern, highvech mi-
maintenance and increased amount of waste. Since crochips, particularly with extremely reduced size
most of the inferior alernatives ae also plastic or (indispensable in the production of modern gadgets
rubbermaterials, aban onthe useof luoropalymers such as small mobile phones, laptops or watches, i
would force society 10 cope with significantly in i absolutely necessary to ensure ultrapure process
creased amountsof wastes of those materials. Here stream~goin a far as having to ensure absence of
itis useful tounderline that based on recent studies, impurities to the levelsofpart per illo (pp). Lith
fluoropolymer waste is estimated o represent only ographic processes (which ae technically extremely
014% of al plastic waste in Europe, and <001% to complex) involve the use of extremely pure harsh
tal waste (Conversio, 2022)"; removing such an in chemicals (acids) which may casily attack process
significant percentage of waste comin from fluo equipment madeofother materials, henceliberating
ropolymers would dramatically increasetheoverall residuals of ancillary cquipment, which may be
quantity of waste that would have 10 be managed. passe 10 the process and ruin the whol produc-
Accordingo the World Business Council orSusain- ton. Fluoropalymers re the only product class that
able Development (WBCSD, 2023). the definition of ensureeliabieandeconomic performance inthe pro-
a circular economy model must take into account duction of modern semiconductors.
tong service fe” of resources, products, parts and A similar rationale an be established for electric
materials and also keeping them in use. Under this cables. Asinthe cas of aircrafts, fuoropolymersare.
perspectivetisunquestionable that luoropolymers usedforinsulationofhigh-volumedata transmission
are key contributors 10 expanding the fife span of cables, Modern technology (c. 5G) relieson topper-
products and to avoiding the increase of waste formance of the materials involved in the process.
streams 0 society would eventually need to handle Furthermore datacentresinvolvdlinthe sorageand
and manage. processing of information operate under extremely

stringent specifications in terms of fre safety. With
— their excellent dielectric properties and fire resis
12 CometsThmepobin wate foe2020nickle ance,fluoropalymersarepractically theanly reliable
ivre BoE pion to cover the high demands of this industry:
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5. Comfort tives). Furthermore, uses of frying pans costed with
fuoropolymeraresafe, because the temperatures re-

Certain products that use fluoropalymers and arein quiredfordecompositionfPTFEwill not beached
direct contact with consumers are marketed for en- during normal use, and food will burn before such
hanced performance while this seemsadisguise for temperatures are reached. In addition 10 this, in the
better comfort. Waterproof apparel, cosmetics, ski event that small articles of PTFE may be released
waxes, bicyclechain lubricants would fall under that due 1 excessive use, there is no isk for health be-

category cause such particiswill be climinatedby the human
Frequently theres a thinlineseparating comfort body without any possibility of biological nterac-

and safety’ for example, heating systems fo seats ton, due 0 its inertness and the fact that they can-
in vehicles are based on fluoropolymer insulated not eros biological membranes." Also, those frying
electric cables. It could be argued if this feature is pans wil eventually endup in waste plants where.
truly necessary forthe functioningof society (aques- they will be treated as metallic waste, therefore un
tion that would likely need 10 be answered from the derconditions that should not result in environmen
perspective that the feature is already available in tal concerns. In summary, this use cannotbeconsid
most cars ~ hence population would need to face a ered as very dispersive.
downgraded in this option): but if the feature is to In contrast 0 designed functionalorconstructive.
be maintained, efficient insulation for such cablesis ~~ fluoropolymer parts dispersive uses of fluoropoly-
necessary in order 1 avoid fire and to prevent pas- mers by consumers (eg,cosmetics, ski waxes, ubri-
sengersfromelectrocuting, Similarly againefering  cants for bicycle chain), may eventually result in
to the automotive industry. uoropolymers are used somereleasesofluoropolymers othe environment.
for the manufacture of different parts of car equip Again, the key factor i that those polymers are safe
ment, such as door hinges and seat height adjust. due o their nature and not posrisk to humans or
ment bearings. These parts canberegarded as pivot the environment, Stl,ifthe aspiration of society is
points which are subject to sporadic demand while 10 mot have these materials in the environmen, it
cars ae running, requiring highreliability and very shouldbepossible oremovesuch applications from
low friction conditions. Not providing an efficient the market without necessarily placing limits 0 the
‘materialfor this application would take car technol- relevant industrial applications where fluoropoly-
ogy probably different years back and consumers mers are extremely valuable for society, and where.
would need to face squeaking and noisy diving ex. they play a significant role in enhancing safety, de
periences, in addition 10 increased maintenance, carbonization, circularity, innovation and progess.
reparations and breakdowns. While this property For example, the already existing microplastics re-
may not be necessarily linked to safety it could be sition under REACH could be good instrument
questioned whether European society is ready ac toforcereduction andeventually eliminationofsuch
cept reduced functionality in these applications uses
which would lead to significantly reduced comfort
when driving or traveling by car - orther means of

transport. 111. Key Sectors of Application of
Where comfort is truly the only reasonforuse of Fluoropolymers

fluoropolymers i. a ice to have’ feature), there
could be room for debate if society wishes to main The true value of floropolymers becomes apparent
tain those uses or not. The most renowned example when they are used in industrial applications. Con-
is the use of fuoropolymers as antistick material in cerns expressed in the PEAS restriction proposal in
frying pans. Again, for this use it could be argued if relation 0 luoropolymers are mainly related t low
comort’ alone s truly the only reason for use. Fry
ing pans with highly antstick coatings alow for re: ——————
duced use of oil during cooking (linked 0.0 healthi- 13 Sha ow.Joh PCarlyfon Avr.be
erand safer life-style) reduced use of cleaning agents Ornics, eric ieof be copter per
less chemical in the environment) and improved josrendeubieCeoBprhe Gor
durability of the article (helping circularity objec Seg re
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but not truly necessary Putting these figures in context, it appears evident

which these high value products are used." Howev- ~~ fluoropolymer industry, and nosignificant impact is

is flagged as confidential® Nevertheless, it is possi-
ble to extract valuable information from such mar- IV. Conclusions
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Solution of choice by many industries to improve tion is required, and that eventually those uses willre ehpeBnpeBe en
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