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palymenrs

Lepwive pobiners, comtorly refermed nr as funropelenies, col gradely enfance the
tuaperties af coatimgy wied i moders indusiral, howsehold, end constructian praducts. e
eftscities of faoropofpeet v ated elipoterle addfidives moodre them an ldeal solution for
applivcatimes reguiriiig a high resistance to sofvents, acids, aed hasas, and—sost Tl por-
tarity—an ability w signifivanily radce friciion,t

Sucly smerficiant additives veduce surfioce energl while mcredring chemigal, LV mod-
ture, grease and dire resistence, and surface lubricite [n addivion te smore commtom Tuori-
Reted alafim-based polbeanens, specioliy Duorowcndares, hovstivome aenpdates, fluonmre
theenes, and petfluorspolyethersperfluaropolmsetanes Tue beer ouned o eshilie properiies
af intkerest for coatings applicelions.

Mdary of Thexe new produces e desiimed fo aderess The comcens abowt perfleoreoc-
b atcid (V04 ) and perflueractanesidforic acid (PTOS) associaed with mamy exis-
irg thinropolymer chentistrics.

Coairs corrtinieg MeeracTuetals Tnd gppdicotions i elecrmonics | photemask covers,
anti-reflaction coatings ], comstructim [Righly prokectioe 'ﬁmn’ngs fir awiericn aubsirates],
coal-roof coalirgs, wrel oplics fomlifouling coalings fov eyeglass lenses and lguid erseal dis
plines), Ol saneral cnatines tar s contiain fuorapolrse s clude Reor polisfes, wood
SOTit, qutomativg clearcoats, o well as imle fer inks, oment dispersions, and adlesfues.

In this articte, e anl) fewdew e propesies of leorehemicals and thelr numeroes -
avione. Wi will alor aalyze curenr wies ated techweisal aplcadions, aned fome iy migh
be utilized differentdy for fultre cnings applications.

FLUORINE ATOM PROPERTIES

IImique characteristics of the fluorne atom result in the interesting
properties of polymers that contain hem.” A faily small atom, fluonne
hits wery low polarizability and bigh clecronegativity, Recause there is 2
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high degree of overlap between the ouier orbitals of
fluotine and the comesponding orbitals of second pe-
rind elements, boods lormed between cathon and fluo-

rine are very strong. Lhe higher Bond energy of the (0 F

bomd compared to the C-H bond leads 1o greater ther-
il stalbilivy.

Perlluomopolyviners, which contain only C-T bonds,
have excellent chiemical and weather resistance? The
small dipole moment of these compounds also con-
trilites 1o their oil and water repellancy, as well as
their low surlace ensgion, lewe relraciive index, o fric-
tion coefficient, and reduced adhesion Lo swrlaces

Partially fluorinated polymers exhibit a strong elec-
Lrown atloacting ahiling resnlting in a high dicleciric con-
stant ad optical actvily. Toosmall moleoales, this at-
tribute leads to enhanced aciditr and lipophilicivy and
the wlniliiy o Wk metabolic pathways, making flue-
rine-substitnled compouinds ideal as phannaceuticals.®

Other characteristcs of Muarapolymers determined
by the strenggth of the C-T bond and the low polarie-
ability and high electronegativity of fluorine include
soil resistance, insulating properties, and the ability oo
act as a gas hawier!

PTFE AND FRIENDS—A BRIEF MENTION

The muost common cormimnercally available fluo-
wpolvmers are based on monomers of tetraflusrocth-
vlene, vinylidene fluoride, and chloroiriMuoere
ethylene.® Buth homopolymers and copolymers of
these Lheee monomers with compends such as perflu-
oroallyl vinyl ethers, hexalluoroprapylene, chlorairi-
Muoroetlylene, and perflucrobutyl cthvlene exhibit in-
creased chemical and Mame resistance, photo and
thermal stability, and enhanced lubiicity when com-
picred (o thesir non-fluotine containing counterparts.,

These Muoropolymers Tod use inomamy applications,
including chemical process equipment liners, insulat-
ing coatings for elecrronics, non-stick coatings for
cookware, surgical palches, and glass Aber fabric coal-
ings used for roofing of large struciures. Polylewa-
Muoroethylens (PTFE) and polyvinylidenetlucuride
{PYDL are e Huoropolymears most widely vsed for
these types of applications.

FTFE aml other similar homopolymers can also be
added direcly Lo a coating formulation. Tn this case
they function like waxes, reducing fricilon and inereas-
ing wesr and soratch resistanee.® With both hydrophe-
bic and cleophobic characteristics, the Maorinated por-
tioms of the polymer tend to migrate to the suface of
the coaling, providing the desired pooperies,

While PIUL and similar products may be the miosl
witlely recopnized fluoropolymers, there are signiticant
limitatons o heir use i many applivations. These
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Boneficial Properties of Fluorepolymers for

Coating Farmulations

Ivr wmrface eneTy

£ hemical aned sioislare reslsLAarace
U3l arnl presst resislanoe
Aclbesion ds low vareesy sedaces
Lo celvenctive Loclea

Swrlace Jubuidly

Sailielivy 1esislane

ITzal resisianee

Abtasion resislance

Yapor permeability

LI registance

Mg ke characmeristics

Fecellent electrical imunlation and dislerteic properties

polymers require high temperature processing and thus
can anly serve oo codlings o lemperatare tesistant ma-
terials. The wery high cresallinily of the Muorogmrlymers
means they ave poorly saluble in tvpically used organic
solvents, Turther Timiting their processabiling

lneorporaton of some amowinl of non-Muoorinated
monomers (ethylene or substituted decivatives, lor
exainple] inte palymers prepared From fluornated
cormnpounds like tetraflunroeyylens, chloroirifuorns-
ethvlene, or other fluotinated oleting results in copoly-
medrs with amorphouws struchures that retain muach of
the desired properties of pure flucrepalymers Tt
exhibit improved solubilities and have lower process
lemperalures.

Monomers containing reactive unctional grouaps
alse have been found to improve processability while
adding new plrvsical alicibuotes.® These more specialized
tluokopalyners have been employed as binders andfor
surfactamts in rymerous coating applications. Mluoro-
acrvlales hiave been commercially available for the
longrest time, Compounds receiving attention in recent
years Include Muorosilicone acndates, fluogronrethanes,
and perflucropolyvethers/perfluoropolyoxetanes.

ible Characterstics of Coati

Containing

Imgire e wearhetabilie

Lrnpreseud wettahilite

Twaprowed corrmomiom Tesistanos

Improsed stain resistance

Easy 1o clean

Frhanced dogabilivysliline b eirems emvitonments
Imiprered fowr Leveling, adbesion, loss, clariny ce
Sineesther finishes [educiion ol suelae blemisles)
Eoluneed release propetics

Erdvanced anti-static propetties

Tive-relaclucy
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FLUORQACRYLATES

Acrylic Muerinated copolymers have heen used for a
wide variety of applications, induding anti-graffin and
eagy lean coatbngs,” releass coatingsliners In pressure
sensitive adhesives,” weatrnenty for paper, paperhoard
andf feather” us penetrating sealers for porous surfaces,®
and ax protective coalings for eleciromic applications®

Paly(hexatluoropropylene oxide), polv{ditluo-
romethylens cadde-co-tetrallworoetlvlens oxide ), and
MN-methyl pecuorabutanesulionamidoethyl acndate
are exarnples ol raw malenials used lor the production
of fluoroacnlate polymers. Fluornaied methacrylates
liwve also been investigated for the svmthesia of Thioro-
polyruers with reduced rerlymerication shrinkage, tm
proved strength, and high hydrophobicity characteris-
lil‘S.m

Perflucrealeehols comtaining hranching perlluag-
roalkyl groups have been synthesized wirh the aim ol
malking polyllnoroacrylates that contain perllnore
aroups that extend ont from the polymer backbone ™
Lhe Querine content can be controlled with the size of
the pertluceeally] groups incomorated. [ is proposed
that the branchirg stnicire in e flmoropolymer
wauld form a proteclive outer Layer and keep the poly-
meT backbone rom being exposed to harsh environ-
MEnL.

FLUOROSILICONE ACRYLATES

Like Muovopolvmers, silicone-hased compownds
provide many properties of value to coatings tormula-
tors. Hydrophobicity, wettabilily, leveling, mar and slip
resistancy, and transier resistance can all be signiti-
camtly enhanced depending on the chemistry of the sil-
jeon-lased resin or additive used.® Fluorostlicone poly-
mers have been prepared that exhibil the advantageous
characteristics of hoth fluctine  and silicon containing
mualerials,

ln general, polvsiloxanes containing fluorinated side
gromps are the easiest 10 prepare. Aavlate-Muorosili-
cone allternating and Block copolymers are another
type. Lhese commpounds have a lower resistance to col-
rosive chemicals thas pure luoropolymmers, bui do
have lonw surface cnergy and remmaln (exihle at temper-
atuares as low as —G0°C. They also can be further
modified via dilleren silicone crosslinldng mech-
nizms.'? Thess fluotoslicone acrvlates wiay have appli-
cation in marine antifouling coaings.®

FLUORQURETHANES

PolyMuorgurethanes ran be produced from Tuori-
nated diols and 1 mraditional diisorvanate, or a fluori-
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nated diisocynate and tradi-
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Cloatings based on some flu-
orourethi rre resiog exhibit hy-
drophobic and super by
drophobic propertics and Frud
application in alreraft, matioe,
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and groutwl radar and mi-
CRWEYE COMIMINTICAtion sys-
tems where they reduce rain attenuiztion, The are-
thane porticn of the polymer imparts the toughiness,
while the flusrinated gromps are responsible for the
very low swiface energy ol these coatings, Fluorinated
polvurethanes have alse found application as fuel stor-
age anls linings.t*

PERFLUORCGPOLYETHERS/
PERFLUOROPOLYOXETANES

Pedlusropolvelher [PTPLE) compouneds, which are
fairly new Lo the coatings induslry, find use is surfac-
tants in o wide vanety of lormulations. These low mo-
lecular weight, pardally fluorinared oxetane oligomeric
pedvols are nomtoxic, nonflammalsle, chemical resist-
ant, andl can be wsed in extreme temperatures [om

A05C o nearly 3007017 They ave compralible with a
wide range of sulstrares and are recommended foruse
in inks and acylic, «poxy, and polyursihane coatings.
In addition, unlike maost traditioonal fluorosourfactanis,
PUPLES o ot cawse foam formation.

In ’FPFEs, the Nuorinated gronps can e found on
branched side chaing bound 1o the main polvether
backlome through additional ether linkages. " he length
of these side chains and the degree ol pulymerization
can e carelully conteolled, The solubility of perfluo-
ropolyusetanes can he adjusied through copolymeriza-
Lion with pohwpoxides.

Applications for these fluommsurfactants sre numes-
ous due to the advantageous properties they Lpart to
coatings, These characleristics range from improving
tlowy, wetting, and leveling, to increasing durahility,
water repellency, deanabilit. and chemical resist
atee ¥ They wan be used in bolh watethoroe, solveni-
based, 100% solids, and LIV-ourable coatings, and of
ten at levels sipnificaniy lower ithan higher molecular

www coatingstech.org

weight Muorosurfactants tha bave environmental fate
15005,

Often, perfluoropolvethers contain funciional #nd
aroups that prewddle sites of reactivily, permitting fur-
ther medification of the compounds. Lramples of such
chemistries include acids, alcohois, acrylates, and sul-
fates. Modificalion can enalie the incomporation of
crisslinking mechanisrs sucl as those necessary [or
UV ooming, Perfluoropolyoseranes can also be vsed tor
the synthesis of higher molecalar welgln fluorochemi-
valys that provide water repellency and stain resistance

OVERCOMING THE PFOA/PFCS PROBLEM

wuch resesrch has been focused on developing alter
nabwves ke longer perfluoes chiain length aloolols that
ram degrace to perlluoroocaneic acid {(PFOA) and
perluorsoctanesulfonic acid [PFO%) and higher homo-
logue perfinone acids that have been shuown 1o be Tio-
persistant. Copolymers of fuorinmed and non-tluori-
nated slorter chaio srraight and branched mnonomers,
such as the perfluoropulyether compounds menlioned
abowve, increase (he processability while siifl maintain-
ing much of the destred properies and addressing
thewe: enwironmental concerns.

Lor many vears, fluoropalymers were synithesized
from monomers with carbon chain lengrhs of sight or
grealer. These Muoropolymers have been shovn o de-
grade to PFOA andfor PROS. S The biopersistance of
these materialy has hecome 4 comeeny e environmental
regulitory bodies arcund the warld,

ln 2006, the Lnited Stires Envirenmental Protection
Apency (LPA) invited ¢ight producers of Muoropoly
mers Wy commmil 1o reducing both PFOA emissions and
ITOA content In products. The 2000415 TTOA
Swewardship Program sims tor a 95% reduclion by
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2010 and complewe elimination by 20137 All eight
companies accepted the challenge, and some have al
ready developed altermative products and are introdwc-
ing them o ithe markeyace.

Ilaorotelomers (C-G or lower products] are ot pro-
duced using PTOA and these shoit chain molerales
cannol breakdown 1o PFOJA I the environment When
propedy designed, they exhilsic similar characteristics to
larger-chain flusropolymers. These mote envirommen
tally acceplabile allermatives also appear to require litle
change in the coating production process, helping
make the transition to this newer technology go more
smiaoth |y,

CONCLUSION

Flagrine-rich peolymers exhibit a wide rnge of prop-
erties thal make them ideal as surfactants and binders
in high perfommance coatings. '1The wnigue combination
of chemiral and thevmal stabilivy, low dielectric con
stanl and low swclace energy bas Ted v growing inter-
est in fluoropolyimers for a wide range of applications.

Drevebopment of novel copolymers of perfluovinated
alvohiols, ethers, urethanes, aorvlates, silosanes, and
otlier compounds has expanded the powential scope of
apphications even further, Demand for cost cffective,
high performing, multifundtional coatings thal enable
materials to pertorm elliciently and ellectively ender
extreme conditions with minimal enviconmental im
prack [energy consumplion, YO emissioons, oxicly,
cathon footprint, ete.) continues 1o incease. These spe-
cialty flucropolymers possess many characteristics thal
make Lhem ideally suied for use o such nowvel coaring
formulations.

Recognition of the enwironmental issucs surroumnd-
ing higher chain length Muoropolyvmens has led prodoc-
ers to increase research efferts for Lhe identitication of
shott chain alternatives that provide similar perform
ance cluaracieristios. These elMorts will resuli 11 the de-
velopment of additdonal new Qunrochemicals and ¢n-
suee The continaed grosh of the fuowpolymer
muarleet,
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