New Advances in Waterborne
Fluoropolymer Technology:
A Water-based Dispersion

for Industrial Coatings
Formulations
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evaporited, pielding @ DI dispersion coreaining ro solvemls or emudsifiers. Stahle disper
sims were senthesized by adfusting parameters sucll ae deld vabues ond molecular weight.
The resaltig waler despersions were dhen crosshinked aith water dispersilide Bocpenines.
Phigheited cociings based an these dispersions had weelwritility, durabiling gloss and wa
ter resistance comparable w solvent-based fluctmrathane coatings, Thiv aclicle disosies
preparalion of FRVE vasin dispariions and propereies of Hwe resuling fhormowethotee coaiings
Al el @ congarison of feir proferties itk those oilitined Ao comventional solvest-
beseed FEVE resins wnad FEVT wepueous emolafons,

INTRODUCTION

Cluoropolymers are distinguished panicularly by their high thermal, cherni-
cal, el wealher resistance; excellent surface propertics (espedally oil and wa-
ter repellency): and optical propertes {low reflactive index). Accordingly, fluo-
ropolymers are indispensable materials inoa wide vadety of indusiies.

Singe NMuoropolymers came on the macked in the 193%0s, they have been
applied as coating materials in order to achieve those characleristics men-
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toned on the sutfaces of variows substrates, Tvpical ex-
amples incide coatings made Trom aguesus disper-
sions polvlewalluoroethylene (P1FLE), telralluoroetlyl-
enc/hexafluoroctlvlene copolymers (FEP), and
tetralluoroethylens/perfluoroally] winyl ether coguly
mers [1*FAY lor non-stick and anti-corrosion applica-
tions. However, those flucropolymers are not necessar-
ity suitable for use as coating materiats due 1o
rhf,, their poor solubility o conventional crganic
Ty salvents, the requirement of baking tempera-
T tures greater than 2005 C and weal adbe-
t_, : sion Lo substrates. !

Amaong Lthe well-koown Nuoropolymers,
only polyvinvlidene fluoride [FYdT) has
Trewrnn usend foar coatings as an organic disper-
sion, mainly lor architeciural applications
due to its outstanding weatherability?

A unigque salvent-soluble flucrcolefinying
ether copolymer (abbreviaied as FEVE copolymer,

with the wrade name "Lumiflon” ) was developed in

1982 by Asahi Glass. This copolymer congists of alfer-
miling sexquences of Muoroolelin and several specilic
winyl ether units (Figure 1Y and is completely amor-
phous, This alternating sequence is respongible for ex-
wernely high weather resistinee of the resuftant paint
finishes, Combinations of several kinds of vinyl ether
comounomers provide the polymer with other nseful
phvaical properties, such as solubility in organic sol-
wvents, pigment compatibility, crosslinking sites, and
thes itnpart goeoe] adbiesion, hardness, and Nexilyility Lo
the coaling, ‘The major reason [or the use of ELY L
copolyimers as raw matedals for coatings is their excel-
lent weathier resistance. The bvdrosyd growp o the FEVD
polymer funcions as the crosslinking site with blocked
isocyanates or melamine resing for heat cured coatings,
and with aliphadic polvisocvanales [or on-sile
coatings.’

The first waterhorne TEVE copolymmers wene agueos
ermnulsions prepared by emulsion polymerizalion. Vil
ether monomers with polvoxyetlylene [CCH undt were
wsedd as inramuolecalar ennalyifAers to obtain stable
emulsions and to malnlain the allernating BUVLE pols-
mer sequence. The resulting emulsions have high mao-
levular weight and Gonaghiness, so they can e used o
ole-compolent systems. The resing can also be used In
two-commement ceratings by imtroducing more hvdroxy
[uoctional vinyl ether monormer. | lowever, coaling
propertes of FEVE emulsions are generally inderior to
thioses of solvent types of FEVE copolymers. I ix be
liewed that emulsifier remaining in the polymer and
the high molecular weight of the TEVE polvmer, are the
cadses ol Lthese deliclencies. Adjusiments i molecular
weight and reducing the amount of added emulsifier
werg invesligaled, bul they cansed a reduction in over-
all coating performance.
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In am attempt to wprove the perfonnance of water-
Tased FEVE resing, disperions of solvent-type TEVE
resins were developed. Mluorowreithane coalings made
from these dispersions offered prrfomance equivalent
tor that wlained from solvenilome FEVE resins,

The preparation of FEVYL tesin dispersions will he
caovered 1o the following seciions, Fropenies of Quoro-
urethane coatings prepared fron these dispersions
will b disossed, and compared o those of caonven-
lonal solvent-based coatings and aqueous emulsion
of TEVE resins.

EXPERIMENTAL

Sotvent Polymerization (A)

Solveny, several types of vioy] ethers, and polassiom
carbonate were placed in a stainless steel autoclave,
After addition of the requisite amount of Auoreethyi-
ene monamel (o the vessel, te reactor was heated (o
657 C, Then, the initiator was added, After surring at
G570 ot o pressure of 0.62 Mpa for 8 b, the reaction
wats Leroinated by the addition of bydroguinone. One
of the vinyl cther monomers used was ypdroxy func-
tiomal, in order oo introduce crosslinlang sites, The
eesuliant polymet contained approxiomately 50 mol%
fluoroethylens units, and about 34 mol%: vinyl ether
unils.

Emulsion Polymerization (B)

Neiomized water, emulsifiers, macromaonomers,
vinyl ethers, and polassiom carbomale were placed in g
stainless steel autaclave. Next, the requisite amount of
fhagrowihylens wis inmodnesd ine the vessel, and the
mixture stirred al 5070 and 035 Mpa lor 248 hr The
resultant polymer contained about 50 mol% of fuoro-
elhivlene units and almast B0 rool%s of viny] ether
units. A pontien of the vinyl ether uniis conlained poly-
oxyethylene units prepared by the reaction of a hvdoosy
luncrional vinyl ether (VL] unit and sthvlene oxide
{hereatter, this mmacromonomer is abbreviated as

Figure 1—Polymer
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Fiqure 2—Falyrner sLiuclure of FEVE emulsion,
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Fiqure 3—Prucess for preparing FEVE disparsion,
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FOVE).? Hydrexy functional vinyl ether units were also
copolvimerized. The ideal stuucmire of FEVE emulsion is
showmn in Figure 2.

Preparation of FEVE Dispersion

The process for preparing the TEVE dispersion is
shown in Pignre 3. The solveni-hased resin was dis
solved ina hydrophilic solvent. A pordon of the -
droxy functional vinyl ether groups of the TEVE copoly-
mer wis denatured o form cachomalic acid groups
using an acid anhydride, followed by neutralization
with an amine. The resulling polymeric carbomylate: wis
dispersed in deiomized water Lastly, solvent was evapo-

raled, vielding a FEVE dispersion containing no sol-
venls or emulsifers. This water dispersion could be
crosslinked with water dispersible isocyanate. TRVE
polviners of variouy molecalar welghts, acid mwmbers,
and hydromy] numbiers were prepared,

Preparation of Loatings and Test Panels

Cimlings were prepared from a solvent lased FEVE
resin, a water emulsion FEVE resin, and the new dis-
persion type FEVE resin. Lor the solvent-hased resin,
the milllase was prepared by grinding 190, (15 -Pure 1
260} in a blend of solvent and TEVE copolymer until
ihe pigment paticle size was less tham 3 pm. The mill-
base way diluted, then mixed with the isocyvinate hard-
ener § Dresniodur NA3G0). The PVC of the resulting
paint was 20%. A chromate-treated steel panel was
coateed with this paint, and allowed 1o wure Tor 14 diys
AL OO Lemer i

Lior LWL ernulgions and the dispersion, the mill-
base was prepared by dispersing Tick, pigment (Ti-Pure
R 706} i water along with a dispersant and a de
toamer ‘The rillbase wias Dlended with additional
polvmer. A coalescer and leveling agent were added,
Beth one- and two-component coatings were prepared
wsing FLVL waler emulsions. In the case of the two-
comporent emulsion and dispersion, oowarer-dis-
persibbe isocyamate hardener (Bayhydur 30007 was
wsed, Chromate-lreated siee] panels were coated with
these formulated painmts, and allowed 1o cure far 14
days al rennm lemperatare.

RESULTS AND DISCUSSION

Physicat Properiies of FEVE Dispersions

Table 1 shows physical properties of several disper-
sions, compared 1o those of comyventional LEYE emul-
sions L1 [one pack) and L2 {uwor pack), FEVE disper-

Table 1—Characterislics i FEVE Dispersions and Emulsions

Dispersicns Eriulsiohs

m he o D4 B B
Appearance Fiilley White Lgzid
Tanic characterislic Anianc
Hon-valatile (wrss) 1)) 41 41 40 5 B
Faleculan weight (Fn) Fo00 Flali] 04 100 =RI000 =5aG0G
OH walue (mg KOHg-polbyrer) a5 L1 &5 a5 10 o5
Acid va.ue [mg KOH/g-polymer) & Zh i) iy i a
MFT [*C) 27 b 27 a3 31 5
Particle diameter (rind 180 130 100 100 140 140
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Table 2—storage Stability of FEYE Dispersions

Emulsions
M /Mn
Acid Yalue AfteT & Wepks
(ma KIH/q- polymer) Init @ 500C

a1 ] 2.3 Lnagulatiun
Ne 1% 2.3 2.5
b3 2L 2.3 3.5
I 10 2.5 2.0
EL i} 3 1.2
L2 0 3 £
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Figure 4—hccelerated weathering test result (G
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Figure 5—Scanning electron micragraphs of film of FEVE dispersion and emulsicn,

Goar fir urming
Fzrher erzsshaking

Froalame
AERIA‘HI HATL

ke, el mulg e E e g

emruaificr oo
Lrew malareler vaziphe

Enruizilier, 19z weeernulsilier
High rw ez alar weight

FEYE FEVE
[isparsion Salventhorne FEVE Emulsien
{QHY:B5) {OHV:52) {OHY:55)
Curing Agen: Water-dispersible HDI-based Water-dispersihle
{ACIATH=1) pulyisocyanate palyisacyanate polyisocyanate Mane
(ilnss G0* L1 2813 b o T '8
Perd_luin hardnes: ASTH D 4366 74 a0 T 18
Dupo~t iMpac: ASTH D 2794
[0=0.5%) =14 m =1.6m L.0m k3m
Cruss cul edlesiun ALTH [ 3359 5B qB B Nk
Water rosiszar oo IS0 pd1f
40°0C 24 hr 4B 5B iB [0+

[=% Crass ait zeamsicn o= &ae dess after snaking fo st watefiem ahr

wwwy coatingsfech.arg

February 2009 27



sions with various molecular weights, O walues, and
aciel valies were tested, 1o addition, dispersions wilh a
wide rage ol particle diameters from 100 o 200 mwm
were tosted,

Teyr practical wse, storage slalnlity of resing is impor-
tganl Takie 2 sheows the resules of an aceelerated high
temperature slorage stability test. Test results clarified
that acid value is the most importamt varable related to
slorage stability of FEVL dispersions. Dispersion L1
with an acid vatue of 5 mg KO/ g-polymer coagulated
aftex storage at 5070 for our weeles. On the other
hand, dispersion D3 with a high acid value saw anin-
crease in its molecular weight distribution. BLYL poly-
mers with add values ranging from 10 10 13 mg
KO g-polymer had sudficient storage stlility.

Dispersion Performance in Two-Component Coatings

Table 3 shows the solvent resistance of crosslinled
1ilon based on dispersion 12, which wis cured Ty a wa-
ter-dispersible Izocyanate at ambient temperature for
bwer weels at various NOCY indexes, When the NC0O in-
dex wis Tigher than 0.6, a sufficiendy crosslinked ilm
was obtained, as shown hy the excellent solvent resist-
ance of the coating, Tale 4 shows the physical proper-
des of the crosslinked FEVT dispersion compared Lo
twro-component colings from emulsion and solvent
types of TEVE copolymers. The FEVE dispersion coating
gave [l propertiss comparable 1o the solvent-based
TEVE coating, and il was superion 10 the two-compo-
nent FEVE emulsion-based coating.

Fivtwre 4 shiows the results ol Uie (U exposure Lest.
Gloss retention of the dispersion filim was greater than
P afrer 5000 BT exposure, comparable to results ol
talned wilh the solvent-based resin. €3n the ouber hand,
degradation of the 1wo component emulsion film
slarted at 1040 hr,

Figuris & shows the scanning electron micrographs of
films based on g FEVE dispersion and an emulsion. As
shonwn, the TEVE dispersion prowided g uniform film
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with no surface defecs, In contrast, the emulsion-lased
coatng shows o nomber of surface defeos which are
believed to cause Ure differences in Alm performance,
sty in propetiies such as gloss and waler resiytance.

Applications

Coating svstems based on the crosslinkable FEVT
dispersions with blocked and non-locked water-lis-
pemsible isocyanales gave excellent [ilra performances,
such as weatherability, mechanical properties, and sol-
vent resistance. The dispersions have properties nearly
equal o those of sobventhome LRV resios. Coalings
made from FLVE dispersions can be used in architec-
tural, industial maintenance, automotive, and asro-
space coalings, They can be used in coil coatings, usu-
ally processed al high lemperatures using blocked
isocyanates, and in ambienl cure costings,

CONCLUSIONS

Stable TTVT dispersions were obliined by adjusting
acicd values. An TRVT dispersion with a high OH value
was able i react wilhe waler-clispersible, isocvanale-yield-
ng coatings with good film perlonmanoe Pigmented
coatings hased on the TEVE dispersions offered excellenl
weatherability, high gloss, and escellent water resise-
ane—propertes equivalent o those mom solvent-based
FLEVE coatings, @
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