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H GHLY WEATHERABLE ROOF COATI NGS CONTAI NI NGAQUEQUS
FLUOCROPOLYMERDI SPERSI ONS Fi el d of the invention The
wOonvEBisn rel ates to an agueous-based fl uor opeLYMsL006/015816
coating that is especially useful for use over flat or
| ow sl ope flexible surfaces, and nore specifically for
flat or | owslope roofing. The coating can be factory
or field applied. The coating offers the advantages of
HIGHDYeWEATHERABIE ROOFCAATINGSCKONT ABNING AQUEOUS
resi stance, water repel ol ar
reflectivity i AN BS&OL%%&E@%SZM&
Background of the Invention Traditional field-applied

coatings for flexible roofs are based upon acrylic,
Field ef theriaventiani | i cone resins. These coati ngs are often

S p r gg‘%ﬂﬁ?ﬁ e a\s{%[tg% '&csl]‘t;el(s% ba&e&% Wn%fr g@é&&@s

esﬂ@@ﬁhg A&t dRdsd KRy faLsoRasldPedithiblé beXices, and momqaeeiﬁcauy
cracki ng or other damage due to hail and othe

fordlay or owrelapatooéing e The aoatingsamy AP facerpior ﬁP]éicalPPB?fi dfhe coating
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wab irégbilege e Ner@yeCotdrsefiyctingly dﬁmmn,n@damdxtml resisiafce. Sone
standards for cool roofs are defined by the Cool Roof
Rat i ngs Council. However, the coatings of the current

Ba@f{ elel I’bqtthpfﬁ‘ﬁéﬁugﬁl ntain their reflectivity over
g in factors: 1) dirt pickup and
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th@m%gmgaeﬂlﬁ thddaiRat i ng | ayer. Thus, protect | ve
Reflectivity can also be lost if the topcoat polymer binder has (or develops
after weathering) inadequate barrier properties to prevent the leaching to the surface
of low molecular weight components, such as plasticizers or colored impurities (e.g.
asphaltic materials), which are present in interior layers of the roofing system. These
plasticizers and colored impurities serve as a food source for fungi and other
biological organisms. When they are near the surface of the roof, they promote the
growth of colored fungi, molds, mildew and algae, which causes staining and further
decreases the reflectivity of the roof. The growth of biological organisms is also
promoted by high rates of water absorption in the coating layer. Thus, protective

roofing coatings are needed which have very low levels of water absorption (initially
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roofing coatings are needed which have very |ow |l evels
of water absorption (initiallyand after outdoor
woeeaiTesisng) and mhlch al so block t he n1grat|BGTmEmmwawsm

| asticizers r r|t| s fr
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pol ymer binder "harder”, either by raising the glass
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temperatures, and therefore they cannot be applied on most flexible roofing

substrates. They likewise cannot be site-applied on existing roofs, for the same
reason.

Surprisingly, it has now been found that a coating composition containing an
aqueous-based, acrylic-modified fluoropolymer can be used on flexible substrates to

provide significantly improved durability, improved stain repellency including the
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substrates. They |ikew se cannot be site-applied on
existing roofs, for the sane reason. Surprisingly, it
wboaso7ensbeen found that a coating conpositi onPCT/US2006/015816

.cont ai ni ng an. aqueous- based, , acryl ic- | fied .
i o PR A B o G ST RR TR, Eolst e Spigkeg nd
lorREONeR B0 bEREELHAR bouplek N Relv TwElsb ViaQs. | mproved
Stain repellency i'ncluding theability to bl ock
pl asticizer mgration, |ow water absorption, |ower
S dirt pi %ﬁﬁuf ang | onger retention of reflectivity,
ug%zmyeoa” HePB™ | evel s of VOCs. Summary of the
| NVt uoBbjbitivesofdlile @M@ N to §roviidd dveaquamesshasedirdod coating
provi de an aﬁéeous-based r oof coatin% havi n i%g{oved
having appoved durpliliss lawyerding piok=upp StalTEF ARG s vates Fepg lency,
. L : ectivity
e e S S A S A
obj &gt a dfirtheh ebjetivefithé tvehtonpio Evodde applyyinylidgde fHwnide-

fl uorjdebased roqf coatin at .can be factory.or
bagerlapd CRBRS D 40 eI FHBR I GIRIFR AR ISG A SR A e
coftthetrh@R15P&JakiAg: These objects are nmet by an aqueous
| Jor opol yner coating conposition wherein said

f | uGheseatbyectsarh st by anedegous Averonelamen PRAIISEOIREFIE PR
f. t 100, 000.. T, i ect 1.t
R T T e L

108,800, fluoropolyner is an acrylic-nodified

fluoropolynmer. Detailed Description of the Invention,
The Thapbieets gre fuathet wst o2 adieauriBuuePely st bRy fepposition

oL AR 5NBOSHLA ] Bl lpomR Lot occs. The

fluoropolymer, with a weight average nol ecul ar wei ght
of eg{eat er than 100,00Q. The term "fl uoropol yner"
Detaijed Rescripfign ohthesInysptien, nol yners (i ncl udi ng pol ymer s

havi n?h@ WReRiod R ReHof dnedRBSusRROTI I Pmel EakivgicBmpbstion for
exanpl e terpolyners) contalnln? at | east 50 nole i
uspeor efiixidé furfioesomondiher fuerapelynmieis @r high molecular weight

" (co) pol s" i.s.used herein.t S
fughipebBie Yiee o @y S eRlt Je{i8 Bl Eredth o TOYPOS The
terd$ eﬂt&ﬁg@lﬁh% rbfRrd 036polyHes tth@ Bopdlghugdinchidingpalymets having

limted to, vinylidene fluoride, vinyl flyoride, ..
two rqrfinersr G&etept Beaomers Hicdding faropgep Fewfgym@‘?key?tammg at

e
herein to denote both polymers and copolymers. Suitable exemplary fluoromonomers
for use according to the invention include, but are not limited to, vinylidene fluoride,
vinyl fluoride, trifluoroethylene, chlorotrifluoroethylene (CTFE), tetrafluoroethylene
(TFE), and hexafluoropropylene (HFP) and their respected copolymers.

In a preferred embodiment, the fluoropolymer is an acrylic modified
fluoropolymer or “AMF” type dispersion with an interpenetrating network type
morphology, specifically, one containing from about 50% to 95% of a VF, copolymer
by weight on solids, plus an acrylic composition which is thermodynamically miscible

with it. Optionally, from 1%-20% of a second polymer dispersion, e.g. an acrylic

latex or a polyurethane dispersion, can be blended in as well; likewise, coalescing
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In a preferred enbodi nent, the fluoropolyner is an
acrylic nodified fluoropolynmer or "AMF' type
wdi2eE@seison with an int er penetrating network tpO®/US2006/015816

rphol oqy, C ope contalnlng from about
S°i%r? 3’%&‘1 o a%ﬁ%@ 39%5 15 7nRAsgh o0 e BERIcRS the
pddidsr @idacr yl i ¢ conposition which is thernodynam cally
mscible with it. Optionally, froml % 20% of a second

pol yiMere mﬁ&p@lsutmw oplyzer famt'cyhs fromaibent %-80% of a

VR BRI g SRR BBl TP e P e e e 15 28

wib. oﬁh&@yﬁ@ﬁﬂhe 0% w@@omﬂéﬂ& MM'AQ Blus®A BmApﬁmg?
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| es¥hé baRlida? Mobide-hexafluoropropylene copolymer latex may be

precharged to a suitably sized reaction vessel equipped with a suitable stirring device,

.l'h

a feed inlet for addition of reactants, a suitable reflux condenser and an inlet for inert
blanketing gas in combination with a free radical initiator, such as ammonium
persulfate and a surfactant, such as sodium lauryl sulfate, a portion of a mixture of
methyl methacrylate (18 parts by weight), and ethyl acrylate (9 parts by weight) and
isooctylmercaptopropionate (about 1 part by weight) is then added and stirring is
commenced at a rate sufficient to mix the contents but not cause coagulation of the

latex emulsion, conveniently about 90 rpm. The reactor and its contents are then
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preferably |l ess than 150 nm so that final particle
size will average |less than 350 nm The vinylidene
wolorisdis2 hexaf | uor opr opyl ene copol yner | at ex Pay/use06/015816
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tenperature, about 20Q0C, vented and the |atex .
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of skill in the art w.ll e 4 0
(cogeitripop gpideld fudide oy HREESAbE Bibet Beribli in US
patbhtd Bld4de0he3,905 7051 0pA7e A1 RADY,M%0, thakgotated herein by

specifically illustrated as a starting material, the
refpigPemt i on cont enpl ates, as equival ents, other known

R i
mefipy niatiedci-date WY @8HBBAAR aaidspecifipaliyddinsirated; eny déthe known

haonopol ynmers,. see U. Pat . s. 3,475,396 d
acry g SPngBPEs AT s el PGS SSRCRERE yner s
copdlyhBez Bk eh d6SGE nRAdmeRaRlY BRsubshifitdd)WeR thOro@dss that the
contenpl ates as suitable seed polyners vinyl fluoride

majepopidinyefithe mandmetsypit be sdedtedi oingsrylisopisst yudapethagrylio
estter@.e815i¥a%?esacgy ?c? rrﬁe?ﬁa%r&lﬂ: a&ﬁ other copolymerizable monomers include, but

are not limited to: ethylacrylate (EA), methyl acrylate (MA), butyl acrylate (BA),

amylacrylate, 2-ethylhexylacrylate, hexylacrylate, ethyl methacrylate (EMA), methyl
methacrylate (MMA), butyl methacrylate, propyl methacrylate, amyl methacrylate, 2-
ethyl hexyl methacrylate, alpha- beta.-unsaturated carboxylic acids (acrylic acid or

AA, methacrylic acid (MAA), fumaric acid, crotonic acid, itaconic acid or IA), vinyl
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patents 5,646, 201; 5,925, 705; 6, 242,547; and

6,403, 740, incorporated herein by reference. One of
wekod7i30132t he art will also recognize that in adUiUS2@6/015816
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oligomemstrhayxalss baineluded hamlay kadwen reagm’m@;lulsllf}'lag h@WSl | ane
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Uuor o
dimethacrylate and diethylene glycol dimethacrylate.

The total quantity of acrylic monomer mixture employed may be from about
10 to about 200 parts by weight, preferably from about 20 to about 80 parts by weight,
per 100 parts by weight of fluoropolymer seed.

As stated above, the seed polymerization may be carried out under the same
conditions as are conventionally used for conventional emulsion polymerizations of
acrylic and like monomers. A surfactant, a polymerization initiator, a chain transfer

agent, a pH regulator and, optionally, solvent and chelating agents are combined with
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nmet hacryl ates, aromatic al kenyl conpounds, for

exanpl e, styrene, al phanethyl styrene, styrene hali des
wand7dswisny|l hydrocar bon conpounds, for exanplecTnmmmwawsm

di vi nyl benzene. | f desired, amun

thesgprbl 7K QUIZHE IodPReYs %qunﬁgiaﬁ Y8581 ﬁé?agh@? is carried
ouﬂh'ldlgpﬁfﬁ]ﬁrt gﬁﬂos@h@r@ apgtnidgﬁfér K Ce@ﬁrenﬁMmWﬁS’W% ne@stht ve

yIng ag ontai ning nore than one
tengielatinen ot frbinyabomis2(° Gria tlealit OONE prearably fipnneloup 40°C to about
8Uggplpyed to create crosslinked nodified fluoro resin
ticles. Desirably, these will be enployed at | ess

th afrhé YoM oy \RicUhisifg tHe FudiBRyTREr ke, emayweewnned
exanpl es of sui tabl @ nononers of this pe .are al
acqpeding by anyaftféhe stamdand techyiessdngivadn Fheoqrh%r Hue bpef éeaaﬁm

i ethyl.en di t
sy BT PRt aer: WG Ee KidhE o e g R pl Rt sl
intd éhd fmcﬁlbﬁlﬂymémﬁsﬁweﬁéﬁ athiite V&gighihg opthe frefrcabh,ysefmanma’nmus
20 to about 80 parts_ by weight, per 100
polyEiegiREtiass WhFiFE} RAbYHhe Fonemdrs i it wed a6 beéﬁ%lng of
thesr%gg 09%}{ BRI G dn D JERYs 18 cSﬂFrfdoﬁQ o In BRERS ahhs % ﬁfé'E%urse
conditions as are conventl ona for conventi onal
of errub&ition ap@bmttmluoumolmmsnmtloacwlyéram thmnhohoﬂnersmtwre kssfed

A.surfact t t h
coRiRRLTE At FoRies STpIBTuL R SoBre AR s EPBnal Ly |
sol ‘I@i%ls@%@ss%l@ kSbdrianAge @ﬁﬁlsﬁflﬁp&ﬁﬁ&ﬁzhﬁdnm by femseed

| atex and, after purging to renove nol ecul ar oxygen,
staigbm If maltitstages iz Qmplpy@u caltstagedesy mtalmﬁmsa@pmm@r

B N

soRegf ﬁlﬁ%tm{nﬁﬂ Eﬁé&t@@igen’éﬁk@s&rﬂjedb@uﬁe BOOE sTie stRgE pioOess,
itself, using the fluorog ymer_ as _a
AL

d, b
or p@@ pbmﬁ@doféhe;@gmdt@t& maRhg vEted: Hsed PRKkBaYH PHECARS digasthe
artbgr?%f;bt%g tﬁ:ﬁe ﬁé g dﬁfﬁ &%§ dp:éﬁ%ﬁ cf ﬁ(ﬁ@%;f bORe fﬁx r@éles of

erern e totality of
thmmﬁrfemlem dﬁrmgeha =aciitde El‘he final latlee pﬁﬂmmm@oquposed of one,

di spersion at the, be h
BRI U S T Fieianst TP Foeh APt erigns
ge0RBREE rs%c%%ﬁdiﬁ@geh@o@qﬁﬁﬁl@%ofehﬁleheiﬁb&ﬁpl@& dobe-EHL, 1nverse

reaction and then the renmainder is fed continuousl
corenstsdt hdiémOGmrﬂtmg’bt:m m@meyetr@fngtnﬁ;éwrka@ti itleriilgn @l t ese.

S O R R S
préfeing Fhbns MBS paﬁ"tﬁkﬁllz{r%aﬁmleﬂy andl/br hﬁrp&iol:‘dgyﬁ@ﬁ@ﬂ doheenipdated as a

erformthe emnul sion nerization in one_or nore
cn%cal limitation by the present mve %/ ion, but the preferred morpho{o gy 18

homogeneous particle.

It is not clear exactly how the fluoropolymer phase and acrylic and optional
other monomer phase are arranged in the final particle, but it is thought that the
monomer mixture is mostly absorbed or adsorbed by the fluoropolymer particles and
polymerized while swelling the particles.

As the emulsifier, an anionic emulsifier, a nonionic emulsifier or a
combination thereof may be used. In some cases an amphoteric or cationic surfactant
may be employed. As the anionic surfactant, one may employ for example, a sodium

salt of a sulfuric acid ester of a higher alcohol, a sodium alkyl benzene sulfonate, a
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and diacyl peroxides in general, peroxy di-carbonates and peroxymonocarbonates in

general and peroxyesters in general including the t-amyl peroxyesters which have
found use in assuring low residual monomer content. T-amyl hydroperoxide is also
useful. Mixtures of initiators may also be used. Preferred initiators are: cumene
hydroperoxide, isopropyl benzene hydroperoxide, ammonium persulfate, p-methane
hydroperoxide, 2,2'-azobisisobutylonitrile, benzoyl peroxide, t-butyl hydroperoxide,
3,5,5-trimethylhexanolperoxide and t-butyl-peroxy-(2-ethyl hexanoate). The amount
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50nm the resulting aqueous dispersion has a high viscosity; accordingly, it is not
possible to obtain high solids dispersions, and if higher shear conditions are applied,
coagulation results. If the particle sizes are greater than 400 nm, poor storage stability
of the latex results.
The average particle size of the acrylic modified fluoropolymers of the
invention may be controlled by appropriately selecting the size of the vinylidene

fluoride polymer particles.
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2084 RIREPvist @f%'ola!r ¥ B8R atibh! i @MIRER IO, and particular
classes of mixed metal oxide pigments such as the “Arctic” pigments sold by the

Shepherd Color Company. Extenders and fillers known in the art can also be used
including silica, calcium carbonate, talc, barytes, other minerals such as the “Minex”
materials (nephylene syentite), and glass spheres.

The general process for forming a coating formulation involves the steps of 1)
forming the fluoropolymer latex; 2) neutralization, 3) optionally adding a coalescent
(solvent) and a thickener; 3) neutralization; 4) addition of a pigment dispersion (for a

non-clear coat); 5) optionally adding a polyurethane dispersion.
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are heated after application — such as by baking at a factory, or by flashing for a few

seconds in a field application. For coatings that are air-dried, best film-forming
results occur when 10 to 20 weight percent of coalescing solvent based on the weight
of fluoropolymer solids is part of the formulation.

The coatings may be factory applied or applied in the field to flat or low slope
flexible roof substrates, such as sprayed polyurethane foams. The coating is typically
applied by spray, brush or roll-coat application. The coatings may be applied directly

to a flexible roofing substrate, or on a of primer or tie-layer. A preferred embodiment
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In a separate vessel, a monomer mixture of methyl methacrylate (67 g), butyl

acrylate (17.0 g), methacrylic acid (8 g) and isooctyl mercaptopropionate (0.35 g) is
prepared.

After the reactor and its initial contents were flushed and purged for 30
minutes, an initial charge of monomer mixture (50.35 g) is introduced into the reactor.

The mixture is then stirred for 60 minutes under argon at ambient pressure and
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.0l |- i [ Th ' i o
regiTya T e WA P v Py g e R SeeP i PP 79 o
anfidiIRhalor2 0t thBrutedY Elie redetidhehigture & BobeshleERtansbiddie

application of this coating as_a high performance

tenippratae, Ve and Sisrisienpraued Moo reastipn SlripddioBai ecoat
LB, Bor MY LSRG BIAAREDy T o e

latek lafd waslieg fieatesvehddsofidowithbatdr aGd Gryife. Mhk $inkbsolids content
i gment ed coatings, or fr abput 0.2-5 mls in the

of dhs teéfbegore seligs 1EeRyenhYas %&e@gwﬁ%%e of the coating
conmposition of the invention is that factory applied
coatings containing AMF are inherently bl ock

Exaggpils2ant, as opposed to conventional acrylics,

t il .. Thi.s | ticul arl f .

bencY ¥ R oo RrBraRee at s ($ Bl b S laigs rosin

codlpasitiof a6 13 SRV el 28 derREnt BARL 138 WeBhap&cdit 85I €400
The applied fluoropolynmer coating has very | ow VOC

g)laes/prcehaggedl iafcha kettle equapnedwaith feendeaseathibh pyritydigan and
' resi st . . i n bl ocking properties

m@%o?n%%?%lg tagaggﬁ%glﬁ?l?%%g% Igcr ylic, urethane and

si | ila@epaartves@s . a Mionter agature|gbmeihgl mathactstkaf190 g), butyl

reflective retain their reflectivity |onger  thus .
acrydeta 63§ 2)-mecthsraylifaqdER)raed isacsly! risreagtopramnate (0.85 g) is
prélfaﬁ&fi ated building. The foll ow ng exanples further

ITTustrate the best node contenplated by the inventors

f or Afier the mmtior endits inftel contems were Hushed rad pargbéfor 30

oS S0 b e s 30 b e
refb1Y TRE RiixRARPAS stirre¥ 8B 0-Rihutdd vadeh) argSiPst auibidr Presbure
sulfate (8.0 g) and fluoropolyner latex (resin

and dempypure A hes thefreguonsad dis sonignts werp Beated: ioeiff CHicfrer 35
i.ght. r 1 r har

mithed SERaR PR T Bl 2 B0 B 3, WA RO

mifigeha@Béekn added, residual monomer was consumed by maintaining the

reaction temperature at 70°C for an additional 60 minutes. The reaction mixture is
then cooled to ambient temperature, vented and the latex produced by the reaction
filtered through cheesecloth. The final solids content of the latex before solids

recovery was 49 weight percent.

Coating Composition:

Formulation of AMF elastomeric coating involves several stages:
Neutralization,

Clearcoat Formulation, Pigment Dispersion, and Final Formulation.
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nmonomer inlets and a nmechanical stirrer. In a separate
vessel, a nononer m xture of nethyl nethacrylate (67
Wg)2007h]3013512 acrylate (17.0 g) nmet hacrylic aci dP(:%/Ug)006/015816

IR T PISE BB e el SIS
seﬁ)!aﬂd?eha? %%f 396 %%1{ g%re%gseﬁge'aQB BRanaa ééi %lﬁgb?%x@eEach

of m)n m Xt |S|ntro
alratwey mea”stueedﬁox initia pitb(vitherragged batatedro?. 86 Gndrl 949), @ad was

under t anmbient p u andt enper ature. Then
thep Bt rbpndes aSitiondn minEhE-S ik R ARER 28wty Coc
N&tkize60 m%wteﬁmrﬁéiﬁmﬁmdmg nononer ni xture was
fed (42. 8%2}, The nononer feed rate was adjusted with

Nﬁlﬁ@h&ﬁroﬂ do Wlm@gé methyl. L-propanell (AMB96 fem dingus)r e
N RS R0 B b T o PRR LT B 7R 150 ey gy

addi ti onal 120 m nut es. The reaction mxture i s then

cooled to anbient tenperature, vented and the |atex
Clearsgatommplation o Anpreimatelyr 0ztaficach nowtislieed leirsaeasdhan h.

;
oKL SRR AU pLREUREERIRSn B MR/ i e
(DEB)itd 4 0% Bihweizhton sesth wiigs togornd heldardvat. Thedd a&rmltd weére
of the |ate sol i s rec was 44 wei g
drgwp dawp., OV@W&%&%WCS agHp r{lﬁ\@%)to dgfslamaﬁ]theamry ffilm
o
D e R M P A Sy S g BF il gving no
stupgs @a@@n@mcrpwhngnt solids, 1400 g) are precharged
into a kettle equi pped vvlth a condenser, high purity
argon and nononer inlets and a nechanical stirrer. ma
Pigepay Giitd ReSpEA- The TOINWTRE CidyGHAE r&dh d'ﬁ?ishi}{ﬁtlally used to test
met hacrylate (190 g), butyl acrylate (50 g),
Pawttbgasgn in eardy repfie ngint derenulationst yI  mer capt opr opi onat e

(0. prepared. After the r r and its
|n| t%fl%gwa{eﬁtents were flushed and pur 158%ed for 30

t e of monongr. i xture (124.85
g) i ISP?P}?IB%L}%&E%éﬂ?IH )reactor. Phe8mixture is then
st i rifasgek@r 818 (Aegit es under argon dt2 &nbi ent pressure
and TrgopR®t@FU0€DoFhen the reactor add gts contents
wer ROk alddi®o MileniwAGhemicis) m nut0d) gt he remai ni ng
nonatephdrt Blagkel 0@pHof ed (123.0 g )roowhgn al | nmononer
m xture had been added, resi dual nmononmer was consuned

b>{~ mai nt ai ni ng the
hese materials were Cowles Ground to a Hegman reading of 7.5 or better

Coating Formulation 1 ~15.6 g of this Grey Grind were mixed with 48.0g of each of

the Clearcoats listed above to make the first coatings. These were drawn down over

LENETA charts to test for adequate adhesion and film formation.

Pigment Grind B- Many of the formulations with Pigmant Grind A failed due to

excess internal film stress during drying. Therefore the recipe was modified, by the
addition of 3g of MINEX 7 (an extender) and 0.4g Acrysol RM 825 (an associative
thickener from Rohm and Haas).
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reaction tenperature at 7Q0C for an additional 60
m nutes. The reaction mxture is then cooled to
wani7@ae1se enper at ure, vented and t he | at ex pro#aTas2dg/015816

yjéhel)reactlﬁn T Iw thr ogg sfese@;aq?%gqeggg%%mr

tofd ré¥Rictibe RRFLCRANulateddk 'f(’61!§bv($§9”poSI tion: Fornulation of
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AMF el astoneric coating involves several stages:
Neutral i zation, C earcoat Formnulation, Pignent

Di sper si onD.aNdatsi nal EXk4gil ation. Neutral ization - 1400
g of the AMmniatiex |istddl gbove was run through a 5m
filter andDB3p&bprnste al2ifgots of 350 g each were
reserved |Fbag,{e@<ag10 cappgdy gcl ear glass jars. Each

al i quot a8 for itial pH (which ranged
2?%%% égelg)4 sd

bet ween gfi was then neutralized under
agi tation o~pH85vv| one of three agents:
Neutralizer 1: 28% wt. Ammoni um Hydroxi de, Neutralizer
2 1 TRt @HlNRereSdRENBlound 105 PR3ABK rfLAME $57.5 bPRRtter
Angus) Neutralizer 3: 100% n-Butyl "D et hanol am ne
(Vant ex(r) T fromArkema, Inc.). Cearcoat Formulation

adm Xeg’éieﬁﬁg%%ég% e}lag Pngﬁ‘%ﬁ%eg?\}t@% @%‘?@&M ﬁﬁﬁb&%ﬁ&ng
diANTFBRERA/ DY avlo d@mpyd wmtmgm(ea&a)auh@ ForBfE Y Ricathade

on resin solids to forma clearcoat. These cl earcoats

wétreeagh glfarcaatnanovih MBNENA Tdfihelo)windiong withop MINEXdE A

S DA SONCORL T L 5 (LS0E  an

h av‘V%g)ymmgMc&sxs:smrsaﬁ&é togramnote hakdsicig anPstgbitiné therfilme and
The followng Gey Gind reci pe_was

e, A
Ez th terdimforpagtipn. gh ?@&neﬁsvwwns@ﬁa%ngan?rh(P\é@) iy shoyt fasgach
p@m{efgﬁnﬁ Asigisy: D.1. Water 266.5g Armonia 0.1 g
Di sper byk(r 180 (BYK—Chem e) 12.5 g Foamex(r) 810
(Tego) 1.2 g Triton(tm CF-10 (Dow) 5.0 g RCL 6T (TiQ

| en iym Chem cal s) 400.0 g Shepherd Bl ack 10C909
1%@@9@.

Clearcoat (AMF/BDEA/DPM) 70.0 g
Pigment Grind 233 g
RM 825 06g

(No Minex, PVC=17)
Example 4
Clearcoat (AMF/BDEA/DPM) 70.0 g
Pigment Grind 233 ¢g
Acrycol® RM 825 (Rohm and Haas) 0.6g
SANCURE® 815 (Noveon) 6.1g

(No Minex, PVC=17)

Example 5
Clearcoat (AMF/BDEA/DPM) 70.0 g
Pigment Grind 233¢g
RM 825 06g
SANCURE® 815 6.1g
MINEX® 7 144 g (PVC=35)
Example 6
Clearcoat 12473-32-1(AMF/BDEA/DEB) 70.0 g
Pigment Grind 233¢g
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These materials were Cow es Ground to a Hegman readi ng
of 7.5 or better Coating Fornulation 1 -15.6 g of this
warey/o@isad were m xed with 48. Qg of each of t ReT/US2006/015816
Clearcoats |isted above to make the first coatings.
TR¥E5mer e drawn down over LENETA Lﬁn%rts to test for
aSANGRRE®BMhEsi on and filmfornati®3.8 Pignent Grind B-
Many of the fornulations with Pi gmantNarMimexAPVE&HLE
dBganfifle gxcess i nter naI filmstress during drying.

Therefore the reC| was nodi fi ed,7 the addition of
3glearcom (N4 )ender) and O, gﬂ &crysol RM 825
( Q%@En@t i ve th| ckener from RoRmshd Haas). Wit e

PRYh&ft Coating - Wite Titani um Bi%%i de formul ati ons
desN@URE® @15hi gher total reflectafdewere formnul ated
apriekieows: D. 1. Water 129.4g Ammodidg O(PNV@=33)sper byk
| 80 12.5 g Foanex 810 1.2 g Triton(tm CF-105.0 g RCL
6T 500.0 g These materials were Cowles G ound to a

Heg Mibeser ehide q:tgltmgs wers awhdove ovan O AREEESprimeyethe had

%‘%}%’f@%‘%ﬁggge WAL Zfﬁ%d %IW%ID %ﬁ?@gg{@ayﬁnpﬂgd using a

20f1ﬁﬂ BHd8 bih Ié%efﬁ%@léiﬁ@eﬁe@ﬁorﬁﬁﬁbh hﬁéleBPDD’.E)I bltlﬁﬂﬁl 1Wbﬂ]lﬁied with
M NEX(r) (Sibelc %) and one wi thout M NEX 7

acpm wmpnﬂﬂ@e R 60 Whhite Sraumoriastipeplyplstie GRPO) 'ﬁ@ Grey
avg a%? dfr&% ﬁn%thgusQQLﬁgo @o/fh | SiRfan@NP A e?l#&e were

eS8 o tabilize the
all@ﬁz@d hﬁdﬁy&j\/eﬁhgﬁn £l thed the Ii'our'ﬁ?iﬁtep:ogn‘mgst desafihedmbove were

ch of
AR AOVROT OSBRI StoR 4 L B oG AR SN
drg,\?eglega,\@r%xggﬁttp (?ee%dé&{] dE:?a?hp'ie g (\BMI&% 3 ANEURERND Y& by

exhibiting cracks. The other formulations (Examples 4-7) gave a good, crack-free

coating.

Example 8

A. AMF clear coat formulation was prepared using RC-10206, a neutralized AMF
latex of 70 wt% fluoropolymer, 30 wt% acrylic at 48 wt% solids, as described the
Clearcoat Formulation section above. The formulation was further diluted with D.L

water to 43% by weight resin solids.

B. White Titanium Dioxide formulations designed for higher total reflectance were

formulated as follows

D.I. Water 133.96g
Ammonia 0.1g
Disperbyk® 180 75¢g
Foamex® 810 12¢g
Triton™ CF-10 50g
RCL 6T 500.0 g

16



10

15

20

25

30

35

Cl earcoat (AVF/ BDEA/DPM) 70.0 g Pignent Gind 23.3 g
Acrycol (r) RM 825 (Rohm and Haas) 0.6 g SANCURE(r) 815
woORorz@an)s26. 1 g (No M nex, PVC=l Exanple 5 C eRCTm&ER006/015816
( AMF/ BDEA/ DPM) 70.0 g Pigment Grind 23.3 g RM 825 0.6

C. WhiSANGARG i) afidibat@VIC gf MEKEXE prepared by mgixfrp\ize-glsyr coat

_Exanple 6 Cearcoat 12473-32-|.( AVF/ BDEA/
witbg a0y foamilegion Bicatigf) 98 LK EhReRe TS o,
M ne = : € AMF/ BDEA/ DEB

and %%V@Sﬁ?&%@%ﬁa@% ﬁ%ﬂ@%l%gfﬁl% 825 8%%11& SANCURE( 1) )
815t5.1 g M NEg(r) 7d14.4 g (PVC=35) These white
coatings were drawn do over SCOLARFLEX priner that

C_leﬁefgapabé%)_tl nted gray V\n%ﬂgglwater based bl ack pi gment

TiOgpigneent BHRndER) was appl iBPIE P ng a 20 nil bl ade

Ac@ﬁdﬁ‘?/RMéQﬁ)ropyl ene di erddh#Roner |iner (EPDM), bitumen
nodi fied with active pol ypropyl ene (APP 166), Wite

o e S B et dr T S AT LA b
pair\é%‘éﬁxﬁgtﬁo%wed to dry overnight, and then the four white

: gs descri bed above were drawn down over this
primer using a 10 m | blade. The coatings were all owed

to airdry, . .
White paint Formulation( C) 290 gm
Sancure®-815 26.54 gm

E. Five different phosphate surfactants were added at 2 wt% solids on AMF solids to
five subdivided parts of the white formulation (D)

White paint formulation (D) 50 gm
Trition™ X405 (Dow) 0.48 gm
White paint formulation (D) 50 gm
Strodex® SEK-50D (Dexter) 0.68 gm
White paint formulation (D) 50 gm
Strodex® NB-20 (Dexter) 0.35 gm
White paint formulation (D) 50 gm
Strodex® PK-0VOC (Dexter) 0.85 gm
White paint formulation (D) 50 gm

Envirogem® AEO1 (Air Products) ~ 0.34 gm

All the five final formulations were stable with respect to settling and

syneresis.

The five paints were applied over Henry Solarflex® acrylic based elastomeric

base coat. Formulation with Strodex SEK-50D and PK-0VOC and Triton X-405
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and exam ned for defects. Exanple 3 (w thout

SANCURE(r) 815) failed by exhibiting cracks. The other
woaomease ons ( Exanpl es 4-7) gave a good, cracRermsenn6/015816

coating. Exanple 8 A. AMF cl ear coat fornulation was
formed paeedlantuesaokgfreCHiln op@6drymgn dite rest iof the twivFoinatlationsf

70 W % f | |ymer, 30, W% acrylic at. 48 w % sol i ds,
shofted faileprd O AR SOR B B ORS Rt B f on above.

The formul ation was further diluted with D.I. water to
43% by wei ght resin solids. B. White Titani um D oxi de
Exampled ati ons desi gned for higher total reflectance

0. 1 TR e M ot B e L Eq P RIABTRES? 1n
twd forin@fibnY S&culds B VagreRatedwith 0h& Aysolhin S 2p @R 6lim and
formulation at PVC of 18% were prepared by m xing the

Hags) oa Nee Gritl OnKKHQ (REMNsRrasm aiil Gwidrsolidnen SM8disclisovidird

whig b BER N 5 S oo T30 At b 37 Ve 22 R 00t
Neb@yI®38@-9gm Ti 2 pi gment grind (B) 93.33 gm Acrysol (r)

RM'825 2.41 gm D. Sancure(r)-815 from Noveon was added
at Alvh&dlsed formultiondvFers@bitdd bn tathef thiaFterypSolatflex® acrylic

based BapBicHy baseosh VBion PR Lol eYidhice ghatphaTek

surfactants were added at 2 w % solids on AMF solids
to five subdivided parts of the white fornul ation (D)
ExyhpledOpai nt formul ation (D) 50 gm Trition(tn) X405

( DOM bl%gr & formulation was prepared as described the Clearcoat

Formulation section above. The formulation was further diluted with D.I. water to
43% by weight resin solids. White Titanium Dioxide formulations designed for higher

total reflectance were formulated as follows

Water 135 gm
Disperbyk® 180 (Byk Chemie) 12.5 gm
Ammonia 0.2 gm
Foamex® 810 1.2 gm
Triton® CF-10 5gm
TiPure® R-960 (Dupont) 500 gm

White paint formulations were prepared at two levels of Sancure®-815: 10 and 25

wi% solids on AMF solid. PVC levels were at 18% for both formulations.

A. Clear Coat(AMF/DPM/Water) 232.56 gm
White Titanium DiOxide Formulation 93.5 gm
Sancure®-815 : 28.6 gm
Strodex® PK-0VOC 5gm
Byk-346 (Byk Chemie) 1.08 gm

B. Clear Coat(AMF/DPM/Water) 581.4 gm
White Titanium DiOxide Formulation 233.75gm
Sancure®-815 178 gm
Strodex® PK-0VOC 12.5 gm
Byk-346 (Byk Chemie) 3.02 gm
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10

White paint fornulation (D) 50 gm Strodex(r) SEK-50D

(Dexter) 0.68 gmWite paint forrmulation (D) 50 gm
warowdaxise) NB-20 (Dexter) 0.35 gm Whi t e pai nt PCT/US2006/015816

formulation (D) 50 gm Strodex PK- OVCC ( 0. 85
The@hahi\iuperupetien? visspsity eftthoiorn ‘ﬂses yﬁﬁeém wgﬁ?rﬁ( % AEQ

ts t
R i
castddBn ftde@f P& e ammcuba@bmﬁmommm b!asS@barWére gxXaejlent

acrylic based el astomeric base coat. Formulation with
andStresscbeackﬁEdedeaﬁug PK- O\/CI: and Triton X-405forned
ex I crack f j
Sl SR ablRE L R 4860 st it a0 s

on §cﬁ€b DPRSETAOREre W% hidyli. % wﬁnam:rhmﬂ&ilﬂ’iwaghﬂrdﬁetemmta]ee of

pai nt forrrul ations were prepared simlar to %\fﬁ% %t
Herlry SolenfléxSravatings wers Eheetnes o8 152-haso Mt 2Ee 0 weight.

ei ther Acrysol (r) W5-24 (Rohm and Haas) or NeoCryl (r)
XK-90 (DSM Neoresin) at 10 wt% solids on AMF solid.
%%1& g1 WAl th rétFinRtpal i pedpbued avesrdingrtotheafolldwisigttbeipe:
blend ratio of W5-24 and NeoCryl (r) XK-90. AU he
three fornul atlons were coated on top of the Henry
Sol A |c baseq T I ¢ base coat,
whi c Wg%ﬂng showed e\ﬂ?‘ggﬁéglﬂgf stress crack.
Exampfaeer10 AMF cl ear coat fornul @.bon was prepared as
desicri bed the O earcoatfFormatien{secti on above. The
f or nDispedbgk-18@s further diluted WPh D.1. water to 43%

by meight resin-seot-ds—WWhite—TFitanijum Di oxi de
for nﬁ@é’?‘i’%‘ﬁs desi gned for higher q al reflectance

wer i as tolTows Water 333 gm D sperbyk(r)
180 %ﬁoehemﬁg 12.5 gmAmmmnia 0.2 gm

Triton CF-10 3.0

Meteor 9730 (Engelhard,

Inc.) 36.0

TiPure R-960 TiO2 (DuPont) 264.0

Total 383.30

Water 67.5
TAN ROOFING PAINT
Ingredients Amts. Gm
RC-10206 872.00
Tegofoamex 805 1.40
DB (8% on resin) 35.00
Water 105.00
Pigment Grind 330.00
RM-8W (0.25%) 2.20
Total Paint 1345.60
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Foamex(r) 810 1.2 gm Triton(r) CF-10 5 gm Ti Pure(r)
R-960 (Dupont) 500 gm White paint fornul ati ons were

wonepgasedzat two | evel s of Sancure R-815: 10 aRrdTAS2006445816

solids on AMF solid. PVC levels were at 18% for both _
f or rHie Rein had a pignnbwelums sopssRiaDPM Aab@i | 8%3 2 WeEshy felids

, Ii . - o 5
°f§‘§“n‘%§%§<%?%?%%‘%%@@P@SE@% Yool gm Byk- 346
(Byk Cheme) 1.08 gm B. C ear Coat(AMF/ DPM Wat er)

581,4 gm Wite Tjtaniym D Oxidg Fornul ation 233, 75gm
Sandi#f %@\n} wag ppiieg 1o, ﬁwubf’l}% g)comdmsq@t@teg@a/al able

frolY thie 34 jg'rﬁ)dr?ed SO rag,rg
Oviglgosiﬁ?t)%@%a@ﬁg or mul %tgfons{b\%ér%gd@g?gﬁag n ﬁ;g.g%lmgss
wag aspeutd tebe/30 Batrbnd. drhen it ot solhaxtflgaanteESRI) bfithe paht

syneresis resistan ' casted op .of Henr .
Wa AR R B IV G G s SR asomeie (piees
an@BERAdeE TonfRfly IDAIBS STxbHCK TIRRGaIHPB 03481 ob Bl RAdY

state water uptake of filns casted fromthe two

formul ations (A and B) on scrub LENETA were 0.8 % and

%wat er per unit filmweight. Water uptake of

Eﬁél‘é‘ﬁ%%f%m arflex(r) coatings were in the range of

1. 2Cleh chatwairRiilafd@ls woié brebhletusiRicGhY folloxaimlotmdld: A

tan_roof i rg)'g ai nt was prepared according to the

f ol B e é@ﬂp‘ét:e?he pai nt hd80 ®i gnent vol une

conéeOrfepBGiMerssi about 18% &MeEght solids of about

519%Pipnogdylany glyaolenebylietierof &Ppg oxi mately 35% The

pai icrysabRMpEW ed to a "LeneO8 ghart" coated paper

substrate (available fromthe Leneta Conpany) and
dried at roomtenperature. The dry filmthickness was

The SeraHalione & efretesiol it MERE usipsarsbeprMER Hpardayaieble fom

Gar &k kﬁ&ﬁﬁ%‘éﬁt T 3 ' sured according
to eASTM g&gﬁ@fo%gw%ﬂ%@g%&s%&r%@?ﬁa@%? onet er (Devices
and Services Conpany, Dallas, Texas). A TSR val ue of

N 746 \Wwha ht a1 nad Evaml e 12

Exarnple. . | Co-resin |~ o
dispersion Formulation Clear coat 20°
(all from DSM | MFFT, °C gloss on black
Resins, Inc.) glass

12A No co-resin 7 60

12B Neorez R-960 <0 68

12C Neorez R-9000 5 66

12D Neorez R-9649 9 64

12E Neorez R-9679 4 69

12F Neorez XK-98 6 64

12G Neorez R-9603 1.5 62

The clear coats were also used to prepared white roofing paints by combining
them with a white pigment dispersion, as in example 8. All of the paints were glossy
and had good hiding and good adhesion to a flexible acrylic primer/basecoat and to a
commercial KYNAR 500® PVDF based paint on a steel substrate.
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Cl ear coat formul ati ons were prepared using the
follow ng fornmula: RC- 10206 AMF | atex 200. 0 g

w@aen7as0132di spersion 29.7 g Di propyl ene gl ycol paetisyios/015816

ether 9.7 g Acrysol RM8WO0.3 g The fornul ati ons were
Whabistedaimiedds:MFFT usi ng a Sheen MFFT Bar (avail abl e from

Gardner Instrunents). The following results were

obt ai ned: The clear coats were al so used to prepared
1. whi A& agaedusrtgs@pfladisle Byofeosingdongpdshpmdohiphisiagahi t e

pi gnent dispersion, as in exanple 8. Al of the paints
flugrepelygies Baying A Wsieht avsarecrmelesidatel shicddrenin daano 00 0n

flexible acrylic prinmer/basecoat and to a comrerci al

KYNAR 500(r) PVDF based paint on a stee
2. sub%he adof ch¥itiatg dompokisibmeficiasn 1 Wwhefein agjd €mosopbhaet is an

fl.exi hle roof coating conposition conprising a
ach{I‘fIB’Pngﬂdy‘ﬁ@FO ¥y an wei ght average nol ecul ar

wei ght of greater than 100, 000. 2. The roof coating

conposition of claim1 wherein said fluoropolyner is
3. an #be ydaf coating dongpdsitipu of olpimhy hrer 2 wherciihsuid Sudropolateng

A i ti f clai 2 . i d
corfPRS Bt Jivef elabpreat of pofihieon i Bt plicamprgns,
(HMi’)ra()Fb@m};e, f1 uori de/ hexaf | uor opr opyl ene ( HFP)

copolyner. 4. The roof coating conposition of any one
of the previous clains wherein said HFP is present in

4.t he}rﬁé’Po%'tf%'E{n aéonfg%&ﬁb&%f %ﬁréﬁ%&%@ ﬁli%(ll %QE}?]IAZS v\xﬂ&gm said
roof coating Conmposition off any o alns Z- erein
HFBas preasatt yih thenopolfymerlatffrono 8128 weiglit feagnbeen
neutralized, either partially or entirely, by an
organi c am ne conprising at |east one al kyl group

5.h aViFHQrd‘o@!éBatﬁ%oéggfg%siﬁ@ﬁ BORS, 6){1:1:51{11% 284 (e efidal acgylic;[h €

roof coating [

( sition of  claim5 wherein sai
modrigdrilvorepolyneeriles bednewurdlifadpeititch pariny pr emsively sty gy  of

- but yl. di et hanol .am pe --but yl. di et hanol anmi ne,, oct
g R PP RE BaryT St AIRE otRbiie Gaor bre tatboas i fhe
sid@cliih.i sopropyl am no) ethanol. 7. The roof coating

conmposition of any of clainms 2-6 wherein said acrylic
nodi fied fluoropol ymer conprises from10 to 200 parts

6. PY YL Ak c&(tin%ccro}ﬂpiogitigﬁ bE &lgﬂn 5 wherein said organic amine is

selected from the group consisting of -butyl diethanol amine, (2-butyl diethanolamine,

octyl diethanolamine, octyl amino ethanol, and 2-(diisopropylamino) ethanol.

7. The roof coating composition of any of claims 2-6 wherein said acrylic
modified fluoropolymer comprises from 10 to 200 parts by weight of acrylic portion
for each 100 parts by weight of fluoropolymer.

8. The roof coating composition of any of claims 2-7 wherein said acrylic
modified fluoropolymer comprises from 20 to 80 parts by weight of acrylic portion
for each 100 parts by weight of fluoropolymer.

9. The roof coating composition of any of claims 1-9 further comprising one or

more adjutants selected from the group comprising pigments, dispersing agents,

21



10

15

20

25

for each 100 parts by weight of fluoropolyner. 8. The
roof coating conposition of any of clains 2-7 wherein
weaiw/aersyl i ¢ nodi fied fluoropol ymer conpri sespPCTmse@o/015816
to 80 parts by weight of acrylic portion for ch 1Q0
thickemetss dbfpamiriggentsf anfit-ivszBlgReyptsy extendempgmeRiss g 3y
C ositign of any of clainms 1-9 further conprising
ﬁlm&ﬁgglggaﬁgqt% adj utants sel ected fromthe group
conprising pignents, dispersing agents,thickeners,
def oam ng agents, anti-freezing agents, .extender .
10. pi gifh@rrpei;g cqagng eoraposiinn afiamof HIeAIRHO AT WhEEen $3d
rqof cpating co Liin i LRVhRHENE SV &R,
fom\?\}ﬂ@tﬂ%ﬁ ﬁmilgﬁ %W%%ﬁg%%nzgﬁ?t%%r@{%& r ioggs from% -20
basRESIC @R twdiaht\WEflgbtopolymer sdalsesci ng sol vent, based on
the wei ght of fluoropolyner solids. 11. The roof
coating conposition of any of the previous clains,
wheg.el ' :d | Svibligtlhims, wherein said
11‘cogﬁgesﬂég?l?éag}lég{.ﬁyé@éllﬁgdﬁ%&?%%?gti ng conposition of
forratilaiion is, substatiedly coglawentsfreqy up to 40 wei ght percent,
based on fl uoropol ymer solids, of one or nore
additives. 13. The roof coating conposition of claim
12,12, THORIE L ShH@IcomBesliibh yedaia & faghacbagriingmptité0 gradghs
consi sting of "coal esci ng agents, pol yurethane
perchinsfessl anyorapelymirsaids, o ehE104 24V Sow MFFT, and
surfactants that are effective in |owering the MFT.
14. The roof coating conposition of any of clains 12
13.01 1Be roMFesLing coaipdsidolbf éluies 1 Arehqeieseidadditivenare selgeted
coating conposition at from2 - ]15 V\%aghé Fer.cesnt ervlic
fromtbe grasp CPNSIFHGRSICOHBICIEAFEH'S, PAlEureRae QRPHFIEy J5F

iSSQURAL R4 h | byt thd 6.
dlsl%){gi%l% %ﬂ%] 18w Mggf,%e g?ﬁg?ftarﬁ§ tHaP SrelePRotiRSH 1dvMatelg t

exibl'e ro m 15 wherein said
MHHATUor opol ynmer is an acrylic-nodified fluoropol yner.

14.  The roof coating composition of any of claims 12 or 13, wherein said additives
are present in the roof coating composition at from 2 -15 weight percent, based on
fluoropolymer solids.

15. A flexible roof comprising a fluoropolymer as the top-most layer.

16. The flexible roof of claim 15 wherein said fluoropolymer is an acrylic-modified

fluoropolymer.
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