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Coatings based on PVDF resin have demonstrated the ability to maintain their
outstanding balance of properties over several decades — including the ability to
optimize cool roof properties by maintaining paint TSR values in Florida exposure tests.
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cool roofing is currently one of
the hottest topics in the building

America. While the green design movement has many dif-
ferent aspects, one of the most attractive components from
the building owners’ point of view is the use of “cool roof™
technology to dramatically reduce surface roofing tem-
peratures, and thereby reduce building air conditioning
costs.! Research by several national laboratories, as well as
other institutions, points to the importance of cool roofs in
lowering the energy demand of buildings and mitigating
urban heat island effects.

Cities and states across the country are taking note
of this development and are incorporating cool roof re-
quirements into their building codes (e.g., California’s
Title 24) or offering cool roof incentive programs, often in
collaboration with large utility companies. The cool roof
concept is also being featured in national green building
initiatives, such as the Environmental Protection Agen-
cy’s Energy Star program, and in industry programs such
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and construction industries, as well as in related indus-
tries such as paint and coatings.

The PVDF Advantage

Most conventional roofing materials absorb some amount
of solar radiation, causing a rise in surface temperature. This
heat not only can be transferred to the interior of the build-
ing, but it also accelerates the deterioration of the roofing
materials. Effective long-term cool roofing approaches must
address both of these problems — they must substantially
lower the temperature of the roofing surface on hot days,
and they must retain the ability to do so over a long service
life, ideally with minimal maintenance.

The most weatherable coatings for metal roofing
substrates, as well as for other building components, are
based on polyvinylidene difluoride (PVDF) resin. The
outstanding resistance of these coatings to photochemi-




cal degradation leads to excellent gloss and color reten-
tion, as well as to chalking resistance.? The first polymer
binder for fluorocarbon architectural coatings was intro-
duced commercially in 1965.3# Since then, literally thou-
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the full solar spectrum, including the near-infrared region
of the spectrum where about half the sun’s radiant energy
is contained. Generally speaking, higher TSR values will
produce a cooler roof.

ol

sands of buildings around the world have been coated

with coil or spray paints made with this product. Existing IR 3 B SRV T A 40 ) Coatings
test panels from the 1960s continue to show remarkable 22 YEAR FLORIDA PANELS

color retention after nearly 40 years of South Florida ex-

posure, Most commercial PVDF resin-based paints are | COIOF Lab Retain | Washed | Unwashed
sold as non-aqueous dispersion coatings that require a Black 0.052 0.053 0.047
s}.wrt bake atl temperatures of about %30"(: (446°F) or Gioon 0.209 0218 0.210
higher, so typically they have been applied to metal sub-
strates such as metal coil or aluminum extrusions. Blue 0.278 0.271 0.200

To achieve practical coatings with outstanding weath- Brown 0.471 0.515 0.480
erability, _P.VDF pz_lims commcinly use the most durable Yellow 0.530 0538 0.502
grades of inorganic pigments,®> as well as small quanti- :
ties of acrylic resin based on monomers such as methyl White 0760 0733 0.688
methacrylate and ethyl acrylate. The acrylic resin is used NOTE: These data were obtained fom the ORM.study TSR volis were obtalned using a

per ASTM 1549 (085 Solar sp

to improve a few specific properties, such as pigment wet-
ting and coating adhesion, which are difficult to obtain
with pure PVDF due to its chemical inertness. The acrylic
resins used are thermodynamically miscible with PVDE,
so that the coating binder actually has a kind of interpen-  Total solar reflectance values of KYNAR 500*PVDF based coatings

etrating network (IPN) alloy structure after baking. before and after 22 years of Florida weathering (south 45°),
Because this IPN structure is thermoplastic in nature,

thermodynamically stable, and based mainly on the pho-
tochemically inert PVDF resin, PVDF resin-based paints
have shown the ability to retain their protective and aes-
thetic properties for decades, even in challenging hot roof
environments. This durability is in contrast to conventional
crosslinked binder chemistries, such as polyesters, where the
combination of sunlight, humidity and temperature — which
can easily be 80°C (176°F) or more for a south-facing roof on
a hot day — is known to rapidly accelerate the degradation of
the crosslinked network, leading to gloss loss, chalking, and
potentially the catastrophic failure of the paint.

Kynar 500° PVDF-
based painted
metal roof with
0.80 total solar
reflectance

Total Solar Reflectance and Cool

Roof Technology

Two key physical properties largely determine how much

heat builds up on a surface exposed to solar radiation:

emissivity and reflectivity. The emissivity is a measure of

the ability of a hot object to radiate away heat. It is gen-

erally low (unfavorable) for bare metals and high (favor-

i able) for all kinds of polymer coatings, including PVDF
coatings. The reflectivity — the extent to which radiative
energy is reflected away/scattered rather than absorbed
— depends on many factors that are under the control of

‘ the paint formulator and applicator.

Elastomeric

acrylic over PVC
with < 0.55 total
solar reflectance

A common measure of the solar reflectivity is the total
solar reflectance, or TSR.® Roughly speaking, the TSR is the
fraction of solar energy that is reflected back off the coat-
i ing. TSR values take into account the energy contained in  Figure 1. Dirt pickup of white roofs after nine years of field exposure in Florida.
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@ 94 These two measures, the emissivity and the TSR, are tiall
] B used in many of the emerging cool roof standards, but the diff
E 07 1T specific requirements vary widely from place to place due { reg
L to other considerations, including the pitch of the roof and e
€ 05 +— the local climate. There is also a trend toward requiring not col
.‘_o" 0.4 1 only that the initial reflectivity of a coating should meet cer- ' Gio
o 03 +— = tain standards, but also that the reflectivity should be main- —
S 02 + tained over time. For instance, to qualify for the Energy Star b
P o1 4— label for a low-slope roof surface, the coating’s initial TSR ae
0 : r —El . B | ustexceed 0.65 on a scale from 0 to 1, and must be greater 545
Rutile Ti0, Black Black Black Black Black than 0.50 after three years. Other programs, such as LEED £O0
pigmentA  pigmentB. pigmentC. pigmentD.  pigmentE (Leadership in Energy and Environmental Design, admin- eri

Filgure 2. Total solar reflectance of KYNAR 500 PVDF resin-based paints as a function of the  j¢ered by the U.S. Green Building Council), and California’s
pigment grade used. Title 24, have different requirements. the
Much of the data used to establish minimum standards fros
e ?g for field-exposed coatings was supplied by Dr. W.A. Miller duc
g 80 from the Oak Ridge National Laboratories (ORNL).” ture
@ 50 Miller and his team analyzed hundreds of test panels rep- Plla‘
T 40 resenting a wide variety of resin chemistries and pigment dire
a ¥ types on exposure at various industrial test sites, including THE
5 20 ':l_ a south Florida test site. For polymer coatings, the biggest obs
100 i factor determining the TSR is the grade of pigment that is TSF
_ used in the topcoat. However, recent research has shown is al

Rutile Ti0, Black Black Black Black Black o : ;

pignentA  pigmentB  pigmentC  pigmentD  pigmentE that there are contributions to the TSR from the primer
Figure 3. Measured temperature rise of KYNAR 500 PVDF resin-based paints in IR light box. and pre-treatment used, and also from the polymer binder e
used in the topcoat.? tect
The ORNL studies revealed that the oldest of the his- The
TABLE 2. TSR Values of Tint Paints toric test panels coated with PVDF-based paints retained six
FIVE YEAR FLORIDA PANELS m_ore than 90% of their reflectivity even after decades :Pl
. of Florida exposure. Table 1 shows some representative L
Color Lab Retain | Washed | Unwashed| . including results for dark-colored (low TSR) if tl
Mid-green | 0.590 0.584 0.576 paints, which would be expected to have a much more and
Light green | 0.538 0532 0.524 seyere heat Higtory, ) o
Dirt pickup and algae growth, of course, can substan- par
Lightblue | 0.583 0580 0,356 tially reduce the “cool roof” properties of paints made tion
Light brown | 0.680 0.664 0.648 with conventional resins, such as elastomeric acrylics.’ i
Yellow 0.794 0.783 0.764 Figure 1 illustrates this dirt pickup problem for white test Bir
- roofs after nine years in Florida. The elastomeric acrylic As
it DE0 G7ee gen roof paint picked up so much dirt that the TSR dropped afc
Total solar reflectance values of tint paints based on KYNAR AQUA-  Delow 0.50, while the PVDF-based paint was much whiter wy
TEC™ latex before and after five years of Florida weathering. and had a TSR of 0.80. i
can
. Pigment Effect on Cool Roof Properties pair
As mentioned previously, the choice of pigment has a sig- bee
22 YEAR FLORIDA EXPOSURE nificant effect on the TSR value of roof coatings. This effect 22
Resin Unexposed | Washed Swachad is illLt_stre'Lted .in Figure 2, ‘_z\'hich Shovtfs [h.e TSR valutl-:s fm.' a resi
set of coil paints made with a PVDF resin, along with dif- Bhe
70% KYNAR 500 PVDF | 0.463 0.439 0.426 ferent metal oxide pigment grades. tain
Polyester 0.375 0.346 0.312 From Figure 2, it can be seen that the white coating the
Orethane 0.446 0436 0412 has a much higher TSR than any of the black coatings (not REC
surprisingly, since the black coatings absorb solar energy 4sh
Total solar reflectance values of color-matched orange paints based on different resin  in the visible part of the spectrum). However, it is also ap- tion
chemistries before and after 22 years of Florida weathering. parent that certain black pigment grades have a substan- ter |
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tially higher TSR than others. This disparity is due to large
differences in the pigment reflectivity in the near infrared
region of the solar energy spectrum. Similar differences
are observed with other color families as well. For each
color of interest, the pigment grades with the highest TSR
would be most suitable for use in “cool roof” applications
— provided, of course, that the pigment itself is sufficiently
weatherable. For this reason, higher quality roof coatings
are almost exclusively made with the most durable inor-
ganic pigment grades. This formulation choice ensures
good long term color stability, as long as the coating bind-
er itself is also sufficiently stable.

Because black coatings absorb so much solar energy in
the visible region, they potentially show the biggest benefit
from the use of higher TSR pigment grades in terms of re-
duced heat buildup. Figure 3 shows the measured tempera-
ture rise for the set of coatings described in Figure 2, when
placed in an infrared light box (simulating what occurs in
direct sunlight on a rooftop). For the higher TSR black pig-
ments, the temperature rise is only a little higher than that
observed for the white control panel. Conversely, for low
TSR black pigments, the temperature rise in the IR light box
is about 70°C (158°F) — nearly hot enough to boil water.

Researchers also measured the TSR for a series of water-
borne test paints in different tint shades using a new latex
technology platform based on PVDF resin technology.!?
The test panels had been on exposure in Florida for five to
six years at the time of the analysis. Regardless of color, the
typical loss of reflectance for these coatings was found to
be on the order of 3% for unwashed panels, and even lower
if the panels were lightly washed (see Table 2). The color
and gloss retention were also excellent. Based on this data, it
should be possible to meet cool roof requirements in most
parts of the country, including requirements for TSR reten-
tion, using a variety of pastel and earth-tone colors.

Binder Effect on Cool Roof Properties

As noted previously, recent research has shown that there
are contributions to the TSR from the primer and pre-
treatment used, and also from the polymer binder used
in the topcoat. An example of the polymer binder effect
can be seen in Table 3 for a series of color-matched orange
paints based on different resin chemistries, which had
been on exposure in Florida (45 degrees south-facing) for
22 years.t The table shows that the paint with 70% PVDF
resin had an advantage in TSR over the other paints for the
unexposed part of the coating. This advantage was main-
tained after exposure — and even increased compared to
the polyester, although the polyester might have been ex-
pected to increase in TSR due to its heavy chalking. Figure
4 shows the gloss retention of these same panels as a func-
tion of Florida weathering. Both the urethane and polyes-
ter had completely lost gloss at about 10 years of Florida
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Figure 4.The gloss retention of color-matched orange paints based on different resin chemistries

as function of Florida weathering.

0.66

0.65 -
0.64
0.63 -
062 4
061 4
0.60
0.59
0.58
057 -
1 N S ——

—— Dry film thickness 1.4 mils
—&— Dry film thickness 1.0 mils
—&— Dry film thickness 0.7 mils

Total Solar Reflectance

PR (N TN (U T [ S e 1

PR O |

0 20 40 60

T

L]
80

KYNAR 500 PVDF content on total resin (wt%)
Figure 5. Total solar reflectance value as a function of PVDF level for a series of tint blue coatings

at a constant pigment volume concentration.

weathering. (Earlier gloss data is not available for this se-
ries.) The panel with 70% PVDF lost less than 15% gloss
after 10 years of weathering, and the gloss retention was
more than 55% even after 22 years of Florida exposure.

To systematically probe the binder effect on TSR, re-
searchers prepared a series of tint blue coatings at the same
pigment volume concentration but varying the ratio of
PVDF to acrylic resin in the coating binder. The resulting
paints were then cast on chromated aluminum AA3003
substrates using wire-wrapped draw down rods, and
baked to obtain a series of panels for each paint at vary-
ing dry film thicknesses. Figure 5 shows the TSR values
measured for these coatings as a function of thickness and
PVDE content. The increase in TSR with increasing PVDF
content level can be clearly seen. There is also an improve-
ment in TSR for thicker coatings.
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Reflectance (%)

To better understand the resin-dependence of the TSR,
the specular reflectance of the films at 1.4 mils dry film
thickness was measured as function of wavelength, using
a UV-VIS-NIR Spectrometer with an integrating sphere
(Perkin-Elmer Lambda 19). Figure 6 shows the results.

By using newly developed effective
dirt-shedding approaches, these
high TSR values can be maintained
over the long term, even in dirty
urban environments.

Little difference existed in the visible reflectance between
these films, but the relatively higher reflectance in the near
infrared (0.7 to 2.5 um) of the pure PVDF resin-based
coating yielded a higher overall solar reflectance.

In more recent work, researchers have noted TSR im-
provements of a similar magnitude when comparing latex
paints made with 70% PVDF and color-matched acrylic
latex paints. A boost in TSR of several percent would be
large enough to allow “marginal” colors to meet the re-
quirements of various cool roof standards, including the
California Title 24 regulations — thereby expanding the
color palette for after-market roof coatings.

100
aﬂ -
60
4 -
1 Film thickness is 1.4 mils
pure KYNAR 500 PVDF
Ul ——— 70% KYNAR 500 PVDF and 30% acrylic
] ——— 50% KYNAR 500 PVDF and 50% acrylic
Pure acrylic
0 . : , - : ; , . -
0 500 1000 1500 2000 2500

Wavelength (nm)

Figure 6. The specular reflectance of films 1.4 mils thick as function of wavelength, measured
with a UV-VIS-NIR Spectrometer with an integrating sphere.
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Maintaining High Reflectivity

by Resisting Dirt Pickup

To satisfy regulatory requirements and ensure energy ef-
ficiency, light-colored, high-TSR roofs should maintain
their reflectivity over many years. For this reason, roof
coatings must resist dirt pickup. In relatively clean ex-
posure environments, such as south Florida, test panels
featuring PVDF-based paints have been found to lose at
most only a few percent reflectance even after many years
of exposure. But it is well known that many Asian cities
present a more severe challenge in terms of dirt pickup.
Fortunately, some new developments in “stay clean” tech-
nology, which are aimed at enhancing the dirt-shedding
properties of PVDF coatings, also seem to be effective in
maintaining TSR values.

In order to get “self-cleaning” or “dirt-shedding”
properties, the most common technical approach is to
create a hydrophilic coating surface.!! The hydrophilic
surface is thought to reduce the adhesive interaction be-
tween dirt particles and the paint film, while being eas-
ily wetted by dew and rain. This effect allows the rain to
dislodge dirt particles from the surface, with the rain wa-
ter sheeting off the surface and not leaving water spots.
Since the bulk coating binder normally needs to be hy-
drophobic in order to contribute barrier properties, the
dirt-shedding component is commonly an additive. The
additive should ideally concentrate at the coating surface
as the paint is drying; this means it needs to be some-
what incompatible with the coating binder, with a low
surface energy and a relatively high mobility. Certain
silicon-based products are commonly used as additives,
e.g. particular alkoxysilanes, or methyl or ethyl silicates.
The idea is that these materials will migrate to the coat-
ing surface as the paint is drying; then, once they are at
the surface, the alkoxy groups will hydrolyze, leaving a
hydrophilic surface.

For these surface additives to work effectively, the prop-
er control of the migration and hydrolysis rates are crucial
to achieving dirt shedding performance. Since the additives
are hydrolytically sensitive materials, any hydrolysis and
condensation crosslinking reactions that occur in the wet
paint can prevent additives from migrating into the surface
during baking, hindering generation of a more hydrolytic
surface. If the hydrolysis rate is too fast, the paint effectively
develops a short pot life due to these in-can reactions. Con-
versely, if the hydrolysis rate at the surface is too slow, the
paint is slow to develop a hydrophilic surface, and it does
not have good dirt shedding. In practice, because of these
conflicting hydrolysis rate requirements, typical commercial
dirt-shedding coatings often have had an effective pot life of
only about 24 hours after the addition of the dirt-shedding
additive. After this time period, a loss of both dirt shedding
ability and gloss occurs.
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Researchers have recently been able to dramatically
improve this situation by identifying effective water scav-
engers that can be added to the formulation.!? These
materials appear to be effective in preventing premature
hydrolysis and condensation reactions in the wet paint,
preserving the ability of the additives to migrate to the
surface during baking to produce a hydrophilic surface,

With this technology, a working pot life of well over
one month has been demonstrated for dirt-shedding coat-
ings made with PVDF. Figure 7 and Table 4 show the ef-
fectiveness of this solution in white paints exposed for
five months in Singapore (45 degrees south-facing). After
five months exposure, a standard 70% PVDF formulation
picked up a considerable amount of dirt (AE = 10), while
the dirt-shedding formulations picked up almost no dirt
(AE <2) and had no loss of gloss. The same dirt-shedding
properties were achieved whether the paint was applied
one day after the addition of the dirt-shedding additive,
or 30 days after the additive was added to the formulation.
After five months of exposure, a standard PVDF formu-
lation demonstrated a considerable reflectance reduction
(up to 15%), while both the fresh and aged formulations

COOL ROOF COATINGS

Figure 7. Panels after five months of Singapore exposure, unwashed (left to right): KYNAR
500 PVDF-based white paint (dirt shedding invention), one-day-old formulation (i.e,, one
day after adding dirt shedding additive); control white paint without dirt shedding additive;
KYNAR 500 PVDF-based white paint (dirt shedding invention), 30-day-old formulation.

TABLE 4. Effect of Dirt-Shedding Additive on PVDF Properties

with the invention had only 1% reflectance loss in this ex- AECOLOR | TOTAL SOLAR
tremely challenging environment. CHANGE REFLECTANCE
Keeping Their Cool it S (‘l’l‘mh. h
Architectural coatings containing at least 70 wt% PVDF 2 : : .

have demonstrated the ability to maintain their outstand- gﬂfﬂn;g;l\g;it;azg?paint 10.02 0.790 0.664
ing balance of properties over several decades — including -

th? ability to Uptirlni?.e‘ colnl roof properties by. ma'intainj:ng m:_;:::d%:lfi?g‘ iy

paint TSR values in Florida exposure tests. Coatings with dirt shedding technology,

high PVDF levels also appear to have a small but repro- | gne-day-old formulation 1.55 0.788 0.780
ducible advantage in TSR compared to other resin chem- White 70% KYNAR 500

istries. By using newly developed effective dirt-shedding PVDF-based paint with new

approaches, these high TSR values can be maintained over dirt shedding technology,

the long term, even in dirty urban environments. (3 30-day-old formulation 1.77 0.785 0.778

Min Zheng is research scientist and Kurt A. Wood is prin-
cipal scientist for Arkema Inc., King of Prussia, PA. They can
be reached at kurt.wood@arkema.com or 610.878.6914.
Arkema's website is at www.kynar500.com.
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