b (CEline Auiran, . oly{vnylidens fhioride) (PYTIT) cleqroedls Tue Deen vsed foe over 20 veites w egtentd
Ravi Gupta, and Kurt Wood II_’:lﬂw.Sm-E:e life of archiltectural coll cogtings, and e waterfame VI techteelzgy aow pre-
Arkema, Tne.* deﬂs a dmp- VO route 0 externd Mhe samre proteciive frropeTiies To hegl-sensitive subsimane of
Call types, incligdimg fexible PVC, feleaonal paiius contatning organis pigeerls aud wond,
I'*'H’ur use of o and gt WY absorbers can provide a further level of subsmrate pro-
'-.ijﬁ!fmt i these spsters, but for indy lorg-term UV prodeceion, the chemisiry of the TV ab-

Ehgurbzr itself within the fopeoi alsy steeds 1o be cmtiidered, Bt particudar, we il present
}_ﬂi@me-sur{-riﬂ'ng festides, conrating the perfortrance of organic and Rorganfc Ratiorarticle

| LIV abserbers I MYLE Tox coaiing,

INTRODUCTION

Clearcoals containing TV absorbers ave widely used to extend the lifetime
ol LIv-sensitive moaterialy, sueh as wood and plastic subsirates, as well as LIV-
sensitive pigments and binders in basecoats {notably in the automotive
industry). ' Lhere are two basic tvpes of TV absorbers that are commercially
available for clearcoas organic and inorganic. Organic UV alsorbers are
typically desizned [or use in solutbon, so they have outstanding transparency
in clearcoats; however they also have two impartant limitations, Tirst, the
LIV absorbers themselves are somewhal susceptible e photochemical atlack,
and s cannod be reasonably expected to provide quasi-permanent UY pro-
Lection. Second, as matenials in solution, the precise grade of TIV absorlwer
used must be maiched cotrectly o the [ormolaton's solvency properties, in
arder to gel an appropriate amount of TV absorber into the tinal clearcoat
[ilm. For many water-lased fermulations, the choices Tor organic 1Y als-

Presented at FulureCoat! 2004, sucnsared by FRCT, October 15-1%5, 2908, i9 Chicaga, IL
SO0 15t Ave., King of Frossia, P& 18405

44 February 200% JCT CoatingsTech



sorhers ave particularly limited, as dispecsibilicy rather
than silveney becomes the impaorant factor tor good
performance. |lowever, wilh these limitations under-
stood, the ability of crganic LY absorbers 1o exlend the
liletime of coatings can often be quite dramatic,

Incrganic LIV absorbers ofler the gprospect of Louly
lomg lasting UV protection; thus, they ate ol more in-
Lerest, depending uppm the weatherabilite of the
binder. Being senerally pacticulate in natare, however,
they in turn suifer from thelr own sel of powential
drawbacks. As materials designed to work in disper-
sion, they must be [ormolawed (o stay in dispersion
during coating storage and drying, withoul compro-
mising any o the other propenties of the coating, Also,
being pardculate in nalure, they can potentially con-
tribute some opadty to the inal clearcaat, becawse ol
ligh! seattering, The visible oparity can be minimized if
Lhe particle size can e cedhiced into the nano-scale
{and if particle reagglomeration can e prevented).
Hernwewer, as the particle size becomes smaller the col-
loidal slabilization jrrocess becomes more diffical.
Some of the inorganic hano-materials, nalably Vi,
can also have photacatalytic surface activity, which can
in L aceeterate the photodegradation of the binder?
Neventheless, a variety ol nanoscale inorganic LY aly
sorhers are hecoming comimercally available in aque-
ous dispersion, ina varery of chemistries (e, nano-
Zn, nanc-Ti0,, nano-CeC, ). In addition (o these
products, manoscale transparent iron oxde grades have
been available fora loog tme, and while they con-
tribute some color to tormulations, they are widely
ssesd i serni-transparent formulations,

In this anticle, we report resulls for evaluaions of
varicns inorganic nano-LIW absorbers, with a view to-
ward developing opimized dearcoat formulations for
V- sensiove substrates based on a new, highly weather-
abile, PYDFE-Tuased Tatex technology

Technology Today

acrylic ure renowned for their excellent exterior
weatiierability, which is based in Targe patt on the out-
standing resistance of FVDIT resins to waler, to [V radi-
ation, and o other formes of photochemical and envi-
renmental attack, When formulaled with highly color
stable inorganic pigments, these FYDE-bagsed Binders
routinely meet the 10-vear South Tlodda “Superior”
weathering requirements for the imost durable baked
architectural metal finishes.*

While most commerdal FYDIT-based coatings are
pigroented with inorganic pigments,® FYDE clearcoals
are also wsed in specilic silwalions; Tor instance, when
there is a need to protect sensitive basecoal pigments,
like metallic or organic pigments, or wlhen an aulo-
motive Class A Tinish i cegquired, eg., in the case of
paint tilm technology® Lhe use o PYOF hasecoat-
clearcoat constructions takes the weatherability w even
higher levels, with panels showing minimal gloss and
color change even after more than 20 vears of Florida
CEPOSITE,

Im rerent years, new developments in PV hyvbrid
latex techinology have taede i possille w0 exend the
weatherability performance of baked solventlorme
FMYTIE fimishes to low- W00, waterborme coatings. Ivpical
walerthorne syslems are predominantly based on hybrid
latex particles, which contain boly PWOF copolymer
anel aerylic polymer in a 730 weight ratio, and where
the polymers have an inlerprenstrating networle (IPN)-
tvpe stuctire inside the latex particles so that o Muoro-
ralymer continueus phase is fonned dudng the larex
[ilm lermation process” The PV Tatex dispersions are
anicnically stabilized, and can be combined with water
L] pigmess dispersions, and fornnulated with com-
mon coatings addilives designed lor waterhome coar-
ings, similarly to the way acrvlic lateses are formulated #

NEW PVDF-BASED LATEX
TECHNOLOGY

Paly(vinylidene fluoride) (FVDI) is

Figure 1—Effect of 2 clearcoat on the color change of a phthale green paint, for twe dif-
ferent latex tesin types. Coatings marked “PYOF* containce £3% PYOF, 37% acrylic, The
clearcoat with B absorber costained Timwvin 1130, 2% solids on solids.

a semi-covslalline Maonepolymer that is

unique in its ability to be compounded 14 A T B
with cerlain armylic resins, such as W 17 e — . S ] —H—E’:aieﬁuwml
pols(methyl methacrylate ). This pron- 2 04 1 - F || e ol
ety has been exploited for decades in d | o | T Ao
the: roetal cisting industry; in fact, the % o D = gt
orginal VDL erade tor coatings, Kvnar £ o1 = _;_--:_—”;:;fr I e 1LV ke
0% VDT, has been in continuous 5 44 e e E——
caomumercial production since it intro- s = i e
duction by Pennsalt in 1965 : }z;_i.'.;?!'—c-—oh-a.f*—" ==
Commerdal coatings based on F0-50 o ¥ : - R
Wit PVDIES20-30% compatilile ¢ S 000 Ey ey

Hours QIUIV-B
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Figure 2—Fhthalo grean tint lalex formulations with clearcoat of he
same resin after QUV-B {313 nm) exposure (7000 hi for PYVDF-hased
eeatings, 5500 hr for acrylic coatings). Butmom porbon is unexposed
paint coler, Mo LY absorbers were added to these formulations.

[A=27,26=15 | AU=104E=8

Figure 3—Uv-wizible transmission of free films (25 microns dey (lm
Lhickness] al & waterborne PYDF-based cloarcoat formulation, at 2
wl% UY ahsorbar on solids.
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CLEARCOAT PROTECTIVE EFFECTS IN THE
ABSENCE OF UV ABSORBERS

Tor paints made uging amganic pigments, clearcoals
an be nsed to provide greater color stabilivy wo the
painted object. In addition 1o reducing the rate of TY-
induced photodegradatinn of the pigment {through the
user 0o 1Y absorbers in the clearcoal), cleamoals cin
also reduce the rate of color fade by two other mecha-
nisms: by reducing or eliminaling color fade due te
chatking {poorly incorporated pigment particles and
possibly resin fragments on the paint switace, created
by binder degradation processes), and potentially alse
by reducing the rates of pigment and binder degrada-
tion in the color coat by providing a barier to reactive
spedes such as oxygen and waer?

Figure 1 shows one example of these prolective ef-
fects, [or the case of phthale green tint paints exposed
in a UV fluotescent cibinel. For a weatherable acvlic
Litex binder, the color shitt alter 5500 houms exposure
falL* = 10.3, AE* = 27) s dramatically reduced by the
addition ot an acrylic clearcoat with the same Iatex
(AL* = 2.7, AF* _ 15} without UV absocber. ‘1he direc-

Table 1—uv Alvorher

tion ol the principal color change in this case, oward
the red {ie., less green), suggests that the color change
1s mainly the result of bleaching of the green pigment,
amd that the clearcoat bamier properties are imporant
iy this insance.

A B3 PYDF lalex paint with the same pigment mix
shows much less color change than this, even without a
eleswresal (AL = 1.8, AR = 97, and it can be seen [rom
thgure 1 that the addition of a 3% PVDT cleavcoat
without a UV absorber only conlerred very modest ad-
clitional lienefits in this case. However, turther signili-
cant redwrions in color Lade were possible by adding a
LIV ahsorber into the PVDT clearcoal.

Cine potential dangex of using clearcoats with con-
ventional resin systerms can be seen in Pigure 2, which
shows the visual appearance ol two of the test coatings
al the emd of the test, The acvlic dearcoal {lelt) was
rather ellective in reducing the rate of basecoat color
change, but after a certain exposure pericd, the
clessrcontl reachedd the point where it began w exhibil a
catastrophic flaking fallure. One major advantage of
PYTIT-based clearcoats s that the PYDF resin conpo-
nent is completely inert 1o UVCB radiation, hydrolyic

d i this Study and Some al Their Properlies

Propertics -
Particle Spectfic wrface
- % Splids iameter (nm) Area (BET) (m*/g) Sulor
Mana zinc axide Supplier A 50 35 G-40 Reige ‘creaim-cowgred
Supplier B il Beige foream-cn:ored
Hane ceriuin uxide Suppli=r A an 10-44 P59 Beige  oocan-cawerad
Nang titanium oxide Supplier 1n Transpazent
Hylroyphend —henzotriazole class Supplicr [ 100 il Lere
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lermulaticn at varicus levels,
and twe Uv-visible transmis-
siom specta ol dearcoat free
[ils weas measured, o onder

npie Waterkorre PYDF-Based Clearcost Formulaticn with an Tnorganic

heano-Ly Absorter

Ioedierts Amourt: (9) Deactiptint to determing appropriate
Kynar Aquatec® RC-140, 206 3790 70% flunropolymer lates, 47% solids lixaching fevels for further
Diethylenk glyrnl monabubyd ether (DE) &.70 Coalescent [15% of solid resin, w Ly w) sludies. A standard loading
fierysol RM-B26 0,20 Thickener (Rohm and Haas Compay] level ol abown 2 with [active
BYE Chemfe BYK-346 0.0R Wetting agent. mmgredient) was used in sub-
Rohm and Haas Rhoplex 56-10M 7.50 Aergle coresin (20% solids on resin golids) sequent studies as Lhis Toacd-
Man parlicle dispersian 045 2 active ingredient an solids ing Fewel 14 effectve o reduc-
Tatat 48.11 Solid content: ~44.7% ing the UV-B ransmission in

attack, and olher commmon environmental degradative
agents, As a result, PYDE-Tased dlearcoats have heen
shuown 1o last literally decades in the ouldoors, with-
out exhibiting any loss of mechanical integrity, or
even of gloss,

STUDIES OF IHORGANIC LY ABSORBERS
IN A PYDF LATEX SYSTEM

The priocipal goal of this study was 1o evaluate a va-
riety of inorganic cadde "nanc” dispersiong that have
berome availalile from a number of supplicrs in recent
years, The inorganic UY almorbers siudied here wers
all supplied as agueous dispersions [or easy incormpora
tion inte waterborme coating formulations. Table 1
shows some data aboul these materialy, as provided by
the supqliers. A water dispersible crganic LIV almorer
of the hydrosyphenyl-benxotriazole class, Tinuvin
1131, was also incladed in the siody Tor comparative
[T RSN

Table 2 slunws o representative waterborne, MDE-
bascd dearcoat lotmulation userd in this study, for the
rise where the 1TV absorber is a nanoparticle dispersion.
Some acrylic oo resin is used in this pamicodar formuola-
tion, giving 4 PYDOF content of 57
wi%h on total binder The addi-
tional acrylic co-resin can be uge-
ful in modifring certaln coaling
properties  [or instance, in this

the films 1o less than abnat
[0%, Tor nearty all of the ad
ditives. Figure 3 shows sample
LIV wisihile fransmission curves tor many of the systems,
ata 2wt loading.

It can be seen [rorm Figure 3 that there 1s excellent
1TV Blocking ability of the solar LIVE specimm (be-
Gveen aboul 295 nmandd 330 nm) tor afl of the LIV ab-
sorbers. excepl the nano Ti0), systen, The “out on” be-
havior in the TIVA region of the speclrum shows
corstderalle differences, howewer with the nano An)
shewing the sharpesl “ouwl on® of the inorganic ab-
sorhers tested,

SCREENING OF UV ABSORBERS
FOR PHOTOCATALYTIC ACTIVITY

To test for photocalalylic aclivity for these TV ab-
sorhery, clearcoats were applied al constant thickness
fapproximately 25 microns) over a black 70% PYDFE
solvent paint, and mass loss rales were measared for
the panels during exposure in a LV NMoorescent cabinet
(313 i bullss]). Figure 4 shows the mass of the test
panels as a function of re; (the: sy Toss rate is the
slospaer o the tnass versus exposure time curves The addi-
don ol the organic [V absother was found o have oo
significant effecr on the mass loss rte. Several commer-

Figure 4—Weighl loss ol panels coaled first by black PYDF paint and then by clearcosls conlain-
ing LUV absarbers an their contrls versus exposure time in UY fluorescont cabinet.

case, in improving the wlhesion

— 88— Mo W

of the coating to flexdble YO

AIRNIRT

—F—Crjenic UV

subsieates. However, ax the overall

whisaraer

VD content of the binder is re-

Marn Lall:
| (Supaliar Al

e, # iy alse tor be expected
that there will be a cerlain
dirninution of weatherabilivy
praperlies, compared 10 a system
with 70-80% PYIYE
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Figure s—aspect of nff-white PYC sheets after 300 br of expasure in
LY flugrescent cabinet.

Exposed Part

-
L B e e ]

{
)

Topcost | Tepecat | Topros No
with 2% | wih 2% without fopcost
Neno Znd) | Tinuwin UV Abs

Unexposed Fart

cial grades of zinc and cerium oxide had only, at most,
o very small photodegradative effect (increasing the
miass loss rale Ty no muore than aboot 10 mgf LOO0 L
exposuee tor a 34 cn® exposed surlace area panel), By
contrast, the mitile nano-Ti0, grade used in these sud-
e was Tound o have significan) phaotaadivity, with
mass loss rates superior to 200 mg/ 1004 hr, ar a 24%%
solids-on-solids Tavel,

W have ohserved similar phetoactivity prreviously
in our lalworalory, with other nano-Tic, grades. (1t
should be noted that TiC., photoactivity is most evi-
dent when highly weatherahle binders such ax PYDE
are used. " When binders with poor LIV resislance are
uscd to test this property, the beneficial effect of 1TV
absorption by the TiO), will tend to mask the pholo-ac-
Livigy eflecl.) 1L is nod surprising that nano-1i0, grades
should exhibit significant photocatalytic activity, For
the: minst weatherable pigmentary TiC) grades, the
photocatalytic activily is suppressed by the use of sub-

Figure 6&—Calar chanoe of PYC sheels eoated or nal versus exposuic *ime in DY fluorescent

stantdal layers of silica, alwmina, or other oxides. 1L
winld be cifficult to maintain a similar thick protec-
tve laver on a L0, nanoparticle, while at the same
time reducing the overall particle size 1o nanoscale di-
METISIONS,

VISUAL METHOD FOR ASSESSING THE
EFFECTIVENESS OF UV ABSORBER PACKAGES

‘Lo tesl the protective etficlency of different LY al»-
sorber packages over a FVC substrate. a simple visual
test method wis devised. A series of waterhorne PVTIT-
Trased clearcoat lormulalions, containing dilfersnt UY
ahsorber packages. were applied at conswant thickness
1o the back side of a white TV residential fascia swip.
Thexe were then exposed in a UV luotescent cabinet,
and the color change wersus tine was moniloeed. 'Lhe
LV absorhers tested were one organic and theee inor-
ganic dispersions: wo nano 2y and one nano-Celd,
tigure 5 shows some of the visual resulls, aller 306 b
exposuLe,

Figure & shons the color change as a function of
time, as measured wilh a colorimeter. The organic 1Y
absorber and the nano-Ce0., were both extremely etfec-
tive 0 preventing color change in the PVC substrate,

The data also shiow thal the protective effect is the
same, whether or not an aaylic co-resin iz used in con-
junctien with the 70% FYDT latex, at levels of up to
it ane Lotal Binder (corresponding o a final PYTOF
binder lewel of 57 witi].

Based on these data, clearcoats with UY absorbers
were applied to a number of commercial flexdble PYC
subsirates, bolh those pigmented with 1901, ar arganic
pigments, and multicolored printed substrate, The out-
door and aceelerated weathering codor retention of
these samples is excellent. Work is now proceeding on
developing optimized UV absorber paclages tor wood
ansil other cellulosic substrates.
Tlese subsiates are much more
challenging, both because of their
livweer dimensional stability uncler
condilions of varying humidivy,

cahinet. . o
a0 —t and hecause of the sensitivity of
s * D“L‘;_ e wonel Lanming ke visible light, es
—F— ’-| " r N -
50 _/‘tyz; ] e L pedally in the 400-300 nm wave-
Uk, 2 T
ol : 20% BC-10n length range.
[11] F E' lIELan |,
E }A/? 10 -
= A0 4—— _1‘__'_,...‘.2' = r-.vME'K.IlrL.r-'n.l'ﬂ‘.'l.
g - S CONCLUSIONS
2n —‘zg . — | —#— o,
PO CC Coh _ _ .
ol _,:/j,_ —— P 7ane Nanoscale inorganic oxide IV
2 EG I '
7 _,__,.,_,-F—r—_'_‘:"_’_"’_ _i . abmorbers, wsed Do cler opooils,
0 " - . o EG I can provide a signiticant degree of
o = 1o 150 <09 =50 Sl a0 LTV prrotection to photosensitive
Expogure Time (h) substrates. lowever, Lo benelil
48 February 2009 JCT CoatingsTech



from the photochemical stabiality of these materials,
and the conseduent Tongevity of LY protecuon that
ey can provide, il is essentlal that they be used in
conjunction with binders having inherently high pho
tochemical resistance, and thal the inorganic oxide it-
sell oL conuibule w binder degradaion through sur-
face photocatalytic activity, In this respect, nanao-cerium
owide andl cine oxide grades, as well ag transparent ieon

cxide grades, seem o e much preferable o nane-TIO,,

When these incrganic nano oxides are used in con-
juncton with binders containing high levels of TYDF
coprrlymer, the Tevel of Y protection prowided Ty the
lopenal should essentially be retained penmanently.
This durability property can be used to greatly extend
the color retention ifefime of hasecoats or subsitales
conlaining neganic planents, as well as subsiraces that
are inherently prone to discoloration, With recent ad-
vances in waterhome PVTF Auorepolymer technology,
the same level of proweclion s now available hodh [or
baked finishes on metals, and tor waterborne baled or
ait-dhy coatings for heat sensitive substrates,
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