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TAILORING
CROSSLINK DENSITY
AND INDEX IN
2K WATERBORNE PVDF COATINGS

Hydrowy functional PYDF (polyinglidens
fhucridel-acrylic waterborne hybeid disporsians,
crosslinked with water-dispersible polyismeyanates,
develop Tilm properties through bath polymer
entandlements and crosslinking reactions. Sincc
the majerty component FYDF does nob condsain
crosslinkable groups, the crosslink density which
can e generated is limited. Ingreasing the index
iistcyanatehydroxyl equivalent ratio) above 1.0
can increase Lhe crosslink donsity, through reac-
tien of the isocyanate with ambisnt water to yiekd
urea linkages. However, there are significant draw-
backs to this approach (e.g., shorter formulation
pollife and slow haroness development). Inthis
article, we describe new experiments involving
blends of hydroxy-functional PYDF-acrylic hybrids
with varfous oligomeric and polymerie pokals,
which allow for independent adjustment of the
cragslink density and the index to meet differing
application requirements,

Prasonled acthe 3014 Americarn Coetings Conference.
sponsered by L American Coatings Association and
Wineentr Metenrk, Inatlangs, Ga, spril 7-9, 2044,

INTRCDULTION

Folyivinylidens fluoride) {PYDF)-based Lopoosts-
have been used on moenumental buildings around
the waorld for many years, to maet the needs of
architects and enginesrs for the highest levels of
decorative proporty durability and substrate protec-
tion. In these coatings, the polymer binder Is typi
gally a blond of TO-80 wi%: PYDF rosin with 20-30
wi% of a misciblg acrylic resin. In most of these
systems. a high-temperature bake (230-250°0)
is required for alloying of the polymer components,
This requirernent has historically limiled the use of
this technalogy mainly to substrates that can with-
stand Lhese baking conditions (e.g., metals), Inre-
oot years, however, the baking limitation has heen
hfted, as new water-based hyvbrid resin technology
has become commercially available ? This technol-
ogy combines PYDF copolymers and acrylic resins
in pre-alloyed form,™ in proparlions similar to the
baked systems. The new water-hazed lechnology
allorws for the application of durablc PYDF-based
coatings under figld-applied and low-temperature
bake DEM conditions, with dramatically lower levels
of emitted volatile organic compounds (YO,



Several such water-based hwbrid products ave
naw commercially available, As with standard saol-
venl PYDF finishes, a nuember of these binders are
designed [or use as thermoplasticc systems, with
the final praperlies of the coating being built up
through palymer entanglements, Coatings hased
an thermaoplastic PYOF hybrid waterborne binders
have alfeady demanstrated weathering porfor-
mance comparable e the baked PYDF linishes
[at the same TO% PYDF level], with mare than 10
yoars Flarida gloss and color retention.* Typical ap-
plicatians for these waterhome tharmoplastic top-
coals include rostaration coatings for baked PYDF
finishes on metal, finishes an eommercial and resi-
dential windows and doors, coatings for residential
siding, and “cool white roof” coatings.”

More recently, we have also introduced a new
hvdroeg-functional product in this class, which can
be combined with crosslinkers to make thermoset
or crosslinked formulations & Thase systems show
enhancemenis in cerfain key properlies such as
early hardnoss, solvent resistance. and adhesion,
with performance contributions coming both from
the cntangled polymer notweork, and from the net-
work formed by crassknking reactions.

GENERAL PRINCIPLES AND
PERFORMARNCE PROPERTIES
OF 2K PVYDF HYBRID COATINGS

Far ambignt temperature or low-tcmperaturs
bake cogtings based on waterborne OH functional
resing, water-dispersible polyisocyanate cross
linkers arg often preferred. The crosslinker iso-
cyanate groups react with the resin hydroeyl {-OH)
groups 10 make urethane inkages, while excess
igocyanate combines with ambignt water in a se-
rigs of reactions to make urca Iinkages.® With this
technolody, while the final coating formulation is
two-compenent (281 and so has a linite potlife,
high performance coatings are generally achiay
able at very lw YOT levals, with reasonable dry
times and cure requirgmoents,

To achieva the expacted properties it a 2K
dispersion coating, it is necessary that most of the
crosslinking reaction ooours after the coalescence
of the dispersian patticles_ (e, after the early
stages of film farmation are substantizly com-
plete ¥ Far this reason, because of their slower am-
bient reaction rate with hydrosy! groups and water,
aliphatic polyisncyanates are generally used in wa-
terbome 2K systems., Aliphatic polyisocyanates also
have advanlages ogwer aromatic polyisooyanates in
terms of weatharability and industrial hygiene.

Like the othar PYDF-acrylic hybrid latex prod-
ucts. the parlicles of the hydrose-functional version

PVOF-acrylic hybrid manufacturing and fllm formation

2-State Hybrid Manufacturlng:

«  Stage 1: PYDF Emulsion Polymerization
- Fluompolymear in agueaus dispansion

Stage 2: Recded Acrylic Emulafon Polymerization
— Tharroplrstic ar funclicog acndic
- Conirolled PYDFAazndic -t
— Tamget marphelogy: intimate blend
— Anionically stabllized. ob &

Figure +—Schematic of the manufacturing and film lermation processes
for MYDF-acrylic hybrid dispersions. As shown by the color coding, the
targat resin marphoelogy is a miscible alloy or “IPN™ type blend structure.
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L Aecndic
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Figure 2—5chematlc of expected polvmer Blend marphalogy in the flnal
toatings fitrn, for thermoplastic (feft) and 1K urethanea thermosel PYLIF-
acrylic hybrids, Coler coder blue = FYDF resin, vellaw - acryllc resing red =
palylsocyanate crosslinkar,

arc structured as an intimate mikture or interpenc-
trating network [IPM) of the two thermodynanticatly
miscible polymers? [Figure 1). Because the chemi-
cal incriness of the PYDF makeos it difficull to func-
tiznalize, the hydroxd functionality s on the acrylic
companent only. The standard maodel of latex filim
formation™ would precicl that for thermaoplasiic
gystems, the latex particle morphology should be
rmaintained during Lhe film formation process. 10
Lhe 2K systems, where crosslinking of the hydrosyl
groups is cocurring late in the film fonmation pro-
cess, the cxpected polymer morphalogy in the final
coating fm should be a bi-continunus network

of Auoropolymer and acrdic-urathane (Fidure 2)

In such cases, contributions to certain properties
such as mechanfcal properties and abrasion re-
sistance would be expected bath from the FYDF
fluoropolymer backbone, and from the urothane
network formed by Lhe crosslinking reaclion.

The crosslinked acrylic-urethane component is
designed to improve tho solvent resistance of the
ertire PYDF resin blend hinder, compared Lo un
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Flgura 3—Solvent resistance of
PYDF hybrid 2K coatings, a2 a fupc
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Table 1—Palyols and Diols Material Type® Weight Actve
Used in This Study e i (70 with PYDFI30 vl
T (70wt " .
QM funchional acrylic) Pofecl (Fn = 33 high 7R
Acrylic latex A Falyol [Fro= 33 hligh 1300
Acrylic lalex B Feabyid (Fro = 33 high 1300
Acrylic lalex C Falyir [Fra = 3% high 1260
Polyacrylic secondany dispergion B Palyal {Frt = 3} mediym 58T
Folyurathane dial Digl {Fn = 2) 300= 178
Poly(prapylans glycal) 400 Dicl {Fn =2) 4400 20
Hydeeeoyalkylamida Tetra-ol BE2 Palyal {Fn = 4] 300s 5
Tabla >—Examples of Resin Blend Formulations
&0:20 Bland
with
20:20 Bland &0:40 Blend Palyatrylic Blend with
with Acrylic with Acryilc Facondary 10 phr HAA
Dlsperzien A Dispersion &  Digperslon D Tetra-cl

A Compeoirent

Add in oder: Farts by weaight:

“F0° PYDF-acrylic hybrid dispersion (445 aollds) 240 160 340 300

Acrylic latex A (445 solids) i} 120

Prolyacrylic secordary Dlspession O 554

HAS Tetra-ol Primid® .55 132

Shlca Aatling peste [17% 3alids |n waker) L] 40 40 40

Figment Grnd (ruiila Tio: + aptionally miked mealal cweida color piinent 140 140 140 1410

Polysiloxane viatting sgent 0.5 05 .5 0.5

Dafoamer 0.5 0.5 0.5 05

CPMM [dipeaprylens glycol dimettyl aibar) CAS 111 108-77-4 & 3 8 3

Walsr 20 20 40 40

HEUR-typa ssoriative thickenar 0.5 0.5 15 0.5
Total A Componant: E06.5 509.5 5339 5427

E Companenl

Wialer diapersible palWsocyanata 15.5 167 42 42
Indax NCO:0OH 14 1.4 2.1 1.07
T Wit solids 488 48 50,3 5.6
val: sollds 382 k) ir2 40,2
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crosslinked systerms of similar blend compos fion—
particularly resistance (o active salvents for the
PVDF copelymer fwhich, being nanfunctional, can-
not chemically crosslink into the network). For in-
stance, in some sarly prototype paints, it was pos-
sible to achigve two-week immersion resistance o
Skydral® hydraulic fluid with certain 50 wi% PYDF
hybrid compaositions. Mot surprisingly, the degres
ol resistance to active solverts depends very much
an the crosslink density that can be achieved. The
density of urethaneg crosslinks in the final film can-
nut be higher than the density of hydroxyl groups
inthe resin. However, since isocyanates aiso react
with water to make urga linkages, overcharding
the polvisocyanate crossiinker beyond the swichio-
metric ratio far urcthane formation leads to even
higher crosslink densiy,

Figure 3 demaonstrates the effect of index (ratio
eduivalents - NGO eguivalents OH) on solvent
resistance for @ typical 70% PYDF-20% acrvlic
hybrid coating farmulation, Whils it is easy Lo mest
the alcohnl rosisiance redquirement for a typical
window profile apptcation, at an index of even less
than 1.0, to achigve good resistance to a more
agdressive solvent, MEW, an index of ot feast about
2.0 was required.

One advanlags of using aqueous dispersions
crossiinkcd with water-dispersible polyisocyanates,
compared to conventional solvent 2K urethane sye-
tems. is that it is often possible to decouple certain
irmportant carly properties (2.8. drving speed and
early hol print resistance), from ultimate properties
which depend en Lhe crosslink density (e.g., chemi-
ced resistance), In these aquetus systems, he
cause of the high malecular weight of the polymer
binder, reazcnably gomd early mechanical propers
ties can be ohtained as soon as the coating film is
physically dry, even before the isooyanale cross-
linking reactions are substantially completsd. -

For the newe PYDF hybrid agueous systems,
we have found that early properties are gengrally
comparable 1o these of cormmeargial acrvlic ague-
ous dispersions using the same 2K crosslinking
approach,t? particularly at an indey of around 1.0.
Howewer, in ;verindexed systems (i, those with
& stoichiormetnic expess of polyisooyanate), cortain
ultimate properttes such as scratch resistance ap-
pear to take fpnger 1o develop®® than they do for
the aquecus acrylic systems. at & comparable index.
This may be related to the higher hydrophobicity of
the PVDF-rich hybrid svstems. Compared to acnylic,
polyester, of PUD polyol dispersions, there will be
less residual water in the drisd coating film which
can react with residual isocyanate, and also less
rmokility of uncrosslinked chain ends and ather poly-
met segments dus to reduced water plasticization.
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Figure 4—MEK resistance of crosslinled formuelations of blends of a PYDF hybrid
latex with a second, lower ©H equivalent weight polyal ar dicl. The same commet-
cial palyisocvanate crasshinker was used in all formulatons. MEK dousbie Tub tosts
were stopped at about 60 double rubs, 56 nio conclusions may be drown about the
relathve performance of the coatings passing more than 60 double rubs.
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Figure 5—MEK resistance of crassiinkesd formalations of blends of a PYDF hylbrid
lates with & second, [ower OH couivalent weight polyol ar diol. The same commercizl
polvisoomnate crossiinker weas used in all formulatons. MEE double tub tests were
stopped at about 6o dowble rubs, so o concusions may be drawn about the relative
pertormance of the coatings passing more than Ga double nibs,

USING POLYOL ADDITIVES
TO DECOUPLE INDEX AMD
CROSSLINK DENSITY

Ta boost the crosslink donsiy of 2K PAYDE-
acrylic hybrid coatings, while still maintaining the
dry speed and garly property advantages of sys-
tems with a lower index (~1.03, wa began inoking
at blends of a specific 2K PYDF-acrylic hybrid (with
a 70 PYDF.30 acrylic weight ratio) with other, pwer
equivalent weight hydrosy-functicnal materials, Both
acrylic resin pelycls and oligomerie dinls and polyols
ware evatuated for their effects on properties.

In ono screening experiment, a series of
Acomponent {polyol component) blends was
prepared, with the majority companent {on &
weight basis) heing the 2K FVDF acrylic hybrid,
and the minatily epxmpoanent being either 2 polyol
resin dispersion, ar a low molecular weight
polyel fadded neat), Severat blend materials in
each categony wers tested, as shown in Table 1.
Two-companent coating fermulations were then
prepared fram these blend formulations, using

Juy 2014



Bl 10

Minutes  Minutes Gaof-off ' Pro
Plamant With 5 24« hr Gevered Hail OFF! MEK Strangth
Table 3—Solvert and ) Valuma ohr HAR Exposure Banana Petiah Daep Dautbile Ramowar
congumert product resis- Concantration  Tebra-gl?  Index Boat” 50 5PF Remgwver Woods®™ Rubs  Double Rubs
tance tests, for 3 series — ——————— =
\ sk rricmabliz F Pans 10
of 2K PYDF-acrylic hybrid 15 Nao 1 DEI'IbET .|| i=lesing B55 28
wilite Farmulaticns. 15 hE:E] 1 Mo visibla changes FR=: Pass st} a5
hoderaty . |
el Ma 1 microblictering Fass PazE 14 T :
a0 N Ny 1 Mo wisibla changes FRzs Pass arF 12
15 Ho A Slight microblialering Fass P 45 450 :
15 ‘Yas 2 M wisible changea Fass Page =100 =100
an o 2 Mi visitie shanges Fass Pt 14 4
30 o 2 Mo Wil chaages Pass Pas= =100 =200

-—0.0
=04

—— 1.0

——1.8 |

Y ‘

% &0 gloss ratention

207 —a-— T hermnplastio |
; PWDF hybricd
y T I B L L ) ]
i SO0 1000 1000 nDD PapG H000 acrylic lates
rantrol

M U exposure

Figure 5—0Closs retention of 2K white PYDF-acrylic hybrid fermuolaticns, as a
function of index v, exposura according to ASTM G-yo solar concentratar
accelerated testing with mighttime wetting. AdMa 2310 Tequires 2 mind-
mut of ok gloss retention after zaoa M LY cxposure,

the same commercial waler-dispersible polyiso-
cyanate as a Bcompanent. Table 2 shaws same
represantative formulations. Formulations were
preparcd at a variety of index levels. Typical resin
hlend ratios werc B0:20 ar 60:40 on solids (PYDF
hybridioo-resing when the higher eguivalent weight
co-resing wore used, o 90010 when low molecu-
far weight polyals were uscd.

The palyistcyanate crosslinker that was used
in this study is believed to have a numbsar aver-
age functionality slightly greater than 3. Since
all tha crasslinks in the costing should come
lrom reactinns of the polyisocvanata (eithar with
Acomponent hydroxyls to form urethanes or with
SOMC other species such a5 waler [ form Ureas),
and since essentially all the isocyanate will ventu-
ally redact over a period of weshs, the pereent poly-
isocyangte on total kinder weight can be usad a5 a
praxy measure of the ultimate crosslink density of
the cured coating film.

Ta probe the crosslink density, after four 1o
six weeks of bench ading, the 2K coatings were
testod for MEK doukle rub resislance, Figures 4
and & show the rosults, plotted as a function of
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index and of wi¥ polyisocyanate added, respec-
tively, While therg is no clear pattern to the MEK
resistance data, far the various formukations at

ar index of about 1 (Figure &), a clear trend is
ohserved when Lhe data are plotted according

to crosslink denstty (as approximated by the %
polyisnoyanate crosslinkar added): at crosslink
densities genarated by 4 with ar more crosslinker
on binder, at least 50 MEK double vubs may bo
reliahly obtained. The two exceptions 1o this trerd,
shown as pink Siuares in Figwre 5. happen to be
the two formulations which also contained a lower
lerctionality diol as the hlend material. This is
readily underslandable, since dinls would simply
lengthen palymer chaing and so would not be very
effective in boosting the cresslink densily of the
material. Polyols with higher number average func-
ticnality are much more efficient in bogsting the
crosslink density.

Fully cansistent with this line of argurment, the
SCHECMiNE expariment showead promising results
for the hydroxyalkylamide tetra-ol as a hlend addi-
tive. This material, which is sold commercially as
A crosslinker for powder coatings, ** was ariginally
developed as a waterbarne crosslinker 2 It has
a number of allributes that make it attractive in
waterbarne formulations: it is soluble in water, al-
lowing, for eagy incorporation: it is low in Loxisily;
and it is aliphatic and reascnably woatheralle, In
clearceat formulations, it also does not negatively
impact film clarity.

Bagsad on the encouraging resukts for this
sereening study, @ second study was performed 1o
ook at resistance to a broader range of solvents,
for PYDF hybrid formulalions fomolated with the
HaA tetrs ol @t @ more modast 5 phw (5 parts by
waight per hundred resin level. Some results for
this study are shown in Tabe 3. It can be seen
that the addition of the totra-ol at a 5 phr level can
bring some chemical resistance improvemsnts
even gt index 1, while some cver-ndering (ora
highar level of (ke tetra ol] s reguired to achieve



good reslstance to the most aggressive solvents.
Further studies are now under way to better map
aut the performance that can be obtlained in the
intermediate formulation space—both uMimale
properties and early properties.

APPLICATION PROSPECTS FOR THE
2K PVDF HYBRID TECHNOLOGY

In an earlier article.= we focused on the poten-
tial of the 2k FYDF technology b reet the physical
praperty requirgments of the most demanding win-
dow prafile slandards, suzh as the A4MA 525-10
Yolurtary Specification for Superior Performance
Organic Goatings on Fiber Reinforced Thermoset
Profiles. Very recently, a series of coatings based
oh this technclogy easily passed the 45T G20
accelergted woathering testing requirermeant for
this standard. Figure & shows the effect of index
0N ASTH GO0 gloss relention for 8 series of 2K
PYOF hybrid coatings (withaw any added second
polycll. While the gloss retention may be seen to
be siightly better at higher index, gven the index
zerg (o crossiinker) PYDF hybrid fermulation eas-
ily passed the A8MA B2E-10 requirement {=50%
Eloss retention after 2500 M1 LY exposure],

Basad on these weathering results, 2K PVDF-
aerylic hybrids are an attractive candidate for high
perfarmance topeoat formudations aimed at all
common architectural window profile substrates—
including primed aluminum. polyester fiberglass
composites, and wingl. Beyend this, with the option
provided by polyol blend approzches far higher
crosslink density, 2K PYDF hybrids would also be a
candidate for applications requiring enhanced sol-
vent resistance and hardness, such as railing and
decking applications. @
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