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INTRODUCTION: PFAS IN THE NEWS
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INTRODUCTION: THE WORLD OF PFAS!

Perfluoroalkyl and Polyfluoroalkyl Substances (PFASs)

Perfluoroalkyl

Substances
Compounds forwhich all hydrogens on
gll carbons (except for carbons
associated with functional groups)
have been replaced by fluorines Perfluoropolyethers
(Aliphatic) perfiuos s (PF Carbon ond ox ™,
Perfluoroalkyl acids
Perfluorcalkar
calkane sulfonamides
iodides
aldehydes

Side-chain Fluorinated
Polymers

Polyfluoroalkyl

Substances

Compounds forwhich all hydrogenson Fluorinated acrylate and
otleast one (butnot all) carbon have /late polymers
nreplaced by fiuorines Fluorinated urethane
polymers
Fluorinated oxetane

kane sulfonamido

polymers

1Buck, Robert C., et al. Integrated environmental assessment and management 7.4 (2011): 513-541.
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INTRODUCTION: THE WORLD OF PFAS!

1Buck, Robert C., et al. Integrated environmental assessment and management 7.4 (2011): 513-541.

Non-Polymers

Perfluoroalkyl

Substances
Compounds forwhich all hydrogens on
gll carbons (except for carbons
associated with functional groups)
have been replaced by fluorines
(Aliphatic) perfluorocarbons (PFCs)
Perfluoroalkyl acids

Perfluoroalkane sulfonamides
Perfluoroalkyl iodides
Perfluoroalkyl aldehydes

Polyfluoroalkyl
Substances
Compounds ich all hydrogens on
atleast one (butnot all) carbon have
een replaced by fluorines
Perflu Ikane sulfonamido
deriy
Fluorotelomer-based com
Semifluorinated n-alk

Perfluoroalkyl and Polyfluoroalkyl Substances (PFASSs)

d acry'ate and
ate poly
VI GERTS

polymers

INTRODUCTION: THE WORLD OF PFAS!

Ex: PFOA, PFOS

Ex: 6:2 FtS

Perfluoroalkyl

Substances

Compounds forwh hydrogens on
gll carbons (except for carbons
associated with functional groups)
have been replaced by fluorines

Polyfluoroalkyl

Substances
Compounds forwhic hydrogenson
ane (but all) carbon have
been replaced by fluorines
Ikane sulfonamido
Aariarivas

mer-based com

Perfluoroalkyl and Polyfluoroalkyl Substances (PFASs)

Polym /

“luoropolymers

Perflu rropolyett
Carbon on. ' ox

Side-chain F) .orinated
Polymers

side chains
= F.uorinated acry'ate and
methacrylate pol mers
Fluorinated uretha e
polymers
Fluorinated oxetane
polymers

1Buck, Robert C., et al. Integrated environmental assessment and management 7.4 (2011): 513-541.
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OVERVIEW

e Terminology

* Manufacturing Processes
Chemistry
* Uses

* Environmental Distribution

Key Points

PFAS TERMINOLOGY & STRUCTURE

Perfluoroalkyl carboxylates: Perfluoroalkane sulfonates:
Examples: F/F\ o Examples:
m=2 PFBA E !_0. m=3 PFBS
m=4 PFHxA AN m=5 PFHXS
m=6 PFOA m m=7 PFOS

Per = fully fluorinated alkyl tail.

10
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PFAS TERMINOLOGY & STRUCTURE

Perfluoroalkyl carboxylates: Perfluoroalkane sulfonates:

Examples: Examples:
m=2 PFBA m=3 PFBS
m=4 PFHxA m=5 PFHxS
m=6 PFOA m=7 PFOS

Poly = partially fluorinated alkyl tail.

Polyfluoroalkyl substances:

T\/T\ i m=5 6:2 FtS
1] § i m=78:2FtS
F/HEI\H/ZE o

11

PFAS TERMINOLOGY & STRUCTURE

Perfluoroalkyl carboxylates: Perfluoroalkane sulfonates:

Examples: Examples:

m=2 PFBA m=3 PFBS

m=4 PFHxA m=5 PFHXS

m=6 PFOA m=7 PFOS
Per +  Poly =

Per & polyfluoro alkyl substances (PFAS)

P0|yfluoroalkyl substances:

/T\ i m=5 6:2 FtS
Vi

m=7 8:2 FtS

12
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PFAS TERMINOLOGY & STRUCTURE?
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’Place, Benjamin J., and Jennifer A. Field. ES&T 46.13 (2012): 7120-7127. 13

PFAS TERMINOLOGY

What is a precursor?

Polyfluroalkyl substances that can undergo
transformation to form perfluoroalkyl acids

FHXSA

PFHXSAmM ;
(Intermediate precursor) PFHXS

(Precursor)

T ﬁ . Fl o F/F\ o
T ﬁ_NH\/\/HN\ [2> e n [ﬁ> F I,
Fl o H Ll H [
n n FANF/ o
n

where n=6
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MANUFACTURING: ELECTROCHEMICAL FLUORINATION (ECF)*3

Liquid hydrogen fluoride (HF)

Organic raw material

3Kissa, Erik, ed. Fluorinated surfactants and repellents. Vol. 97. CRC Press, 2001. 15
MANUFACTURING: ELECTROCHEMICAL FLUORINATION (ECF)*3
H2
- -
Liquid hydrogen fluoride (HF)
Organic raw material
16

3Kissa, Erik, ed. Fluorinated surfactants and repellents. Vol. 97. CRC Press, 2001.
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MANUFACTURING: ELECTROCHEMICAL FLUORINATION (ECF)*3

H2
- +
CgH,,SO,F CgF17SO,F
Octane sulfonyl fluoride Perfluorooctane sulfonyl
fluoride
Liquid hydltogen fluor|d.e (HF) C8F17SOZF 5 C8F17SOZH
Ol 2 i ) Perfluorooctane sulfonyl Perfluorooctane sulfonic
fluoride acid (PFOS)
17

3Kissa, Erik, ed. Fluorinated surfactants and repellents. Vol. 97. CRC Press, 2001.

MANUFACTURING: TELOMERIZATION?3

YZ+nA —Y-(A), -7

Telogen  Taxogen Telomer

18
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MANUFACTURING: TELOMERIZATION?3

YZ+nA —Y-(A), -7

Telogen  Taxogen Telomer

F(CF,),l + ”EZCF2=CF2 — F(CF,),|

Perfluoroalkyl iodide, e.g. Tetrafluoroethylene

Perfluoroalkyl iodide
pentafluoroethyl iodide n=desired chain length

19

MANUFACTURING: TELOMERIZATION?3

YZ+nA —Y-(A), -7

Telogen  Taxogen Telomer
n—2 —
Perfluoroalkyl iodide, e.g. Tetrafluoroethylene Perfluoroalkyl iodide
pentafluoroethyl iodide n=desired chain length

Ex.1 F(CF,),| + CH,=CH,— F(CF,) CH,CH,|

Perfluoroalkyl iodide Ethylene n:2 Fluorotelomer iodide

Ex. 2 F(CFZ)nI Oleum, heat, pressure CF3(CF2)n_1CFZOOH + 1/2|2

Perfluoroalkyl iodide Perfluoroalkyl carboxylic acid

20
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CHEMISTRY?

Chemical properties: PFAS characteristics:

* F highly electronegative * Chemically stable

* F not polarizable * Thermally stable

* Fshields C * Hydrophobic/lipophobic
* C-F bond strength * Surfactant properties

¢ Weak intermolecular interactions ¢ Recalcitrant in environment

21

USES: OVERVIEW

Key Uses:
* Fluoropolymer manufacturing (e.g. polytetrafluoroethylene)
* Firefighting foams (e.g. aqueous film-forming foams)

Other Uses:

* Electroplating

* Paper coating

* Stain/water repellants

* Textiles

* Electronics

* Insecticides/ herbicides

* Adhesives, paints, varnish

* Others too numerous to list

22
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USES: A CLOSER LOOK AT PTFE

Tetrafluoroethylene (TFE)

Emulsion > o ’ N d
polymerization ‘
_POyIRET ear ol
; v
J p
' W v A 4

Emulsion polymerization and PFCAs

* PFOA/PFNA the primary PFCAs used

* Used as ‘polymerization aids’ in emulsion polymerization
* Solubilize TFE monomers

* Generates fine powder and dispersed PTFEs

* Used primarily to coat metals and fabrics

* PFOA/PFNA ‘removed’ by heat treatment of product

Polytetrafluoroethylene (PTFE)

23

APPLICATIONS: A CLOSER LOOK AT AFFF45

AFFF and PFAS:
* 3M, 1980’s-2000:
* ~7-13 g/L PFCAs + PFSAs
* 49-11.4g/L PFOS
* 0.5-1.4 g/L PFHXS
* Negligible precursors

H20 + AFFF

ITITTTT

* 3M, National Foam,
Buckeye, Chemguard, Ansul,
2000’s-present:

Liquid hydrocarbon

PFAS (fluorocarbon

surfactant) * Negligible PFCAs + PFSAs
Hydrocarbon * Primarily precursors
surfactant

“Moody, Cheryl A., and Jennifer A. Field. ES&T. 34.18 (2000): 3864-3870. 2

SHoutz, Erika F., et al. ES&T 47.15 (2013): 8187-8195.
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ENVIRONMENTAL DISTRIBUTION

Consumer/
industrial products

25

ENVIRONMENTAL DISTRIBUTION

Consumer/
industrial products

26
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TAKE HOME MESSAGE

PFAS are diverse
* Perfluorinated
* Polyfluorinated

Unique chemistry/properties
* Dual phobicity

* Some are surfactants

* Many are recalcitrant

Key Uses

* Fluoropolymer manufacturing
* Aqueous film-forming foams

27
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