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‘ INTRODUCTION

The effects of TV exposure on coatings and other polymer-sysiems are

- well documented. " Phowdegradation occurs when polyiner systems absorb

| photons causing the molecules @ becnme excited, Fxcitation leads io chemi-
cal renctions which cause degradation.®” Degradation mechanisms may in-
clude chain scission of covalent bonds, formation of [ree radicals, and ab-
straction of hydrogen, Oxygen can enhance degradation by reacling with frew
radicals (o form peroxy radicals and hydroperoxides. At this point, many re-
ACMONS Can occur o produce even more free tadicals leading 1o further
degrilation of the coatings®7 [0 general, shorter wavelengths ot lizht, such
as uluaviolet light, have the abilily to break many polvmer covalent bonds.®
Tn some cases, such as when clearcoals and suring are applied, underlying
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substrates also can be degraded by exposure to UV, es-
pecially with wood and plastc subhsmates,

T minimize such failures, coatings that are exposed
o UV during their service Tife are lonmulated with TTV-
resistant polyioers, such as aceylics and aliphatic
polvirethanes. Although these systeims ave resistant Lo
UV, they provide minimnal TV prowdion (o the under-
Fang sulmirate. Coalings dsed in more demanding ap-
plicatlions, sucl as autcmotive, aerospace, and exierior
wiood, also contain additives which absorls 11V Lo assist
in provtection. These additives nol only protect the coat-
ing, lua they also can protect the substrate, which may
be wulierable to UY degradation {e.g., wood, plasiics,
and textiles]. Typirally, these additives are incuded in

_____Tech ﬂolngy_ _Todﬂ,r

coating formulallons at concentrations of <3%, Some
of the more common chemical classes of crganic LIV
absorbers are henzophenones, bemaotriaeoles, Lriazines,
malonates, and oxalanilides.? 1 lowever, due to their rel-
atively oy molecular weight, these additives can mi-
grate out of applicd coatings, either Lo the coaiing su-
face or into the subsloale '™ Also, because they are
nrganic, they are susceptible to a number of degrada-
Licn mechanisms,

Many metal cxddes also are known w almorly LY xa-
diation; the most common ol Uwse are zine nxide
{Zn(3) and titanium dioxide {Ti0, ). With the develop-
menl of nang-particle techpology, nane-parhicle Znc)
has the ability to offer UY proweclion while also being

Table 1—Epawy Clearcnats Evaliated in Prase 1
Frmulatian
Designatians 28 228 P 220 22E 22F 220 2:H 2
Adidikiva Ho i 4% i ] 1% VA & I wif 2% Zn0 wy
Package adiitive Zrdl Init Il WA HALS HALS A LA & HALS
PART 4
EROIM 825 . ... ... 10000 100,00 10000 104,00 100.00 100,00 100,00 146,04 100,00
Tolusne , ... ... .. L] 300 160.20 300 4,50 5480 §4.80 3200 1200
BYk-333 ... ..., 1.6 (60 0,60 .60 (.50 0,50 .40 0.6 0.0
£mit dspersion

LT i — 6,00 32.00 58,00 — — - 16.00 1g.00
Tofal Pre-Mix _ .. . 145.40 148,60 151.80 156.60 145.40 14%.40 145,40 148,60 148.60
PART B
bnecamine 2143 ... BOLOO G000 £3.00 B0 6700 &0.00 G005 ala ai.00
Tiewwin 282 .. ..., - —_ — . — 1,00 1.6 1.60 160
Tinwwin 1130 ... .. — — 3.20 —_ .80 — .20
Tatalwr. o . ceatvies 206,40 208,50 211.E0 216.60 206,50 207.00 210.20 210.20 213,40

Al kemnlasinn Pk alse and e g baseoo s e L

tr Phases 1 znd 2

Formulatior
Dacignations 1A 2B *1C 210 21F 21F 216G ¢1H I
A e Ho 2h 4% T4 2% 1% s & Ind wy Ind wf
Package aldtive Znl I} Zndl LA HALS HALS L LA & HaLs
FRE-MIX
OPnB . ... on. GG 983 9.23 .83 083 0583 0.53 0.53 0.83
BYVE-34R ... ..... iy Qadh o D 0.4 [ 0,44 0. dd
Tinuvin'282 ... ... — — = - 0.3 .3& 0.3& 0.3z
Tinuwin 1130 ... .. — — — .64 — .64 — .64
Tokal Pre-Mix .. ... 1627 10.27 180,27 10.27 1.91 10,58 11.23 10,54 11.23
LETDOWN
Hwbridur 5700 .. ... 74,73 T4.23 T4.2% F4.E3 T T4.23 Ta.23 23 T4.23
DecFoPT & ..., 0,22 0.2z 1,72 o2 022 nae naz n.az 022
£nlt dsperaiun

AE2) - —_ .50 .ol 12.27 — —_ — 250 3.50
Water L. ..., 16,28 12,01 0.53 e 15,28 1520 1528 1241 17,01
Tt .. _....... 1,60 16063 10126 e 21 140,64 106,32 HIG.96 100.95 161.58

wwwe coatingstech.arg

April 2008 43



Figuin 1—fing-coal system with cpowy

clearcoat. clearcoat,

Ficqure 2—0na-ceal system wilh Hybricor

Figuro 3—Twoe-cust system with cpoy
ciearcaat and Hyhridur ciear overcoat.

Epoxy [B28/2145) clearcont

Hybridur 570 cleavcoal

Hybridur 570 clearcont

2K prulyurethana topeoat glogs Whita

Substrate: Zn phosphated steel

transparent in the visible specieun. Farticles with di-
ameters loss than M nm can be included inlo a poly-
mer matnix {e.g., coalngs) to vield visibly transparent
marterials. The ransparency is possible due to the pami-
cle size being considerably fess than the wavelengihs of
visible light (400-800 nm). As a result, nano-Zn0) par-
ticles have herome an option as o fommulating material
for UV provection. Due 1o the fact that they are inor-
ganic and particulate, they have added advantapes of
being stuble and non-migratory within an applied coan-
mg, thus allowing them to potentially offer Betler effec
liveness and a longer service life.

The abjective ol this work was to assess the effective-
ness of nane-Zno to protect coatings and underlying
substrate trom UV degradation, as well as determine
the effects on other common coating properties.

EXPERIMENTAL

This effort was performed to assess nano-Znd as an
addilive Lo enhance UV protection of caatings and un-
derlying subsiriles, as compared to traditional crganic
LIV absorbers {(UvA) and hiedered amine light stabiliz-
ers (1JALS). The work was completed in two phases. In
the first phase, nano-zinc oxide dispersions were evalu-
atex] and compared o a radiiional organic UVA and a
LHLALS ina LIV exposure chamber T this phise, nano
Znll dispersions also were fomulated with the UvA
and HATS 10 determine the efiects of combining these
additives. The second phase was an assessment of the
¢ffects of these additives on other coating properntes,
such us adhesion, hardness, Texibility, and chemical re-
sistance.

Phase 1: Nano-Zn0 Compared to and with
Organic VA and HALS

The: additiee packages were assessed in two clearcoat
polymer sviterns # oycloaliphadc amine [Ancunine
M43} jepoxy (Epon 828] high solids system, and a
polyurethane-acrylic hybrid latex system [Hybridur
5370). Lhe epaxy represents a polymer that pholo-de-
grades and severely vellows upon exposure to UV The
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Hyhridur is fairly weather resistant without addition of
L absorbers, ™ The following additive packages were
assessed in both the eproxy and Tvbridue 570, respec
tivelsy:

* o additve {control)

® 2 wi% 7m0 based on towal resin salids (4% by
volume on Lirlal solids)

* 4 owtta 2o [0.8% by volume on wotal solids)

® 7 wiln Zndy [ 1.3% by volume om 1otal solids)

o 2 wi% LIVA [Tinvin 11430}

® 1 owrth LALS (Tinuvin 292)

o 2wl TIWAS 1 withs LLALS

® 2wl Aot with HALS

& 2wt AnCH 2w LIVAST widd TLALS

The epory and [Hylridur formulas were prepared as
ilescribe in Tables 1 and 2, respectively, Note once
again tha in addition to comparing nano-“n¢) 1o the
tradiional WA and LIALS additives, it also was as-
sesee] when combined with these additives,

In additiom to the UV absorbers being assessed in
the epoxy and Flybridur coatings separately { noted as
one-coar systems and illustred in Figures 1 and 2),
another sel of specimens was preparad that consisted
af the [ybridur clearcoats with the additives nnted
ahorve applicd over wop ol Lthe eposy ¢learcoat contain-
ing no LY additives, This is noted as the two-coat sys-
tem, referring o the epoxy and Hybridur elearcoals
{Fiyure 3), This configuration allows assessment of any
IV absonbers in the Hybridor dearcoat to shigld un-
detlving coatings and subsirarne,

UV exposiure test panels were prepared by applying a
highiy westher resistant two-component gloss white
polvurethane woponat {Rustolewm Iligh Merlormance
Indusirigl Tow-VOC Urethane 9700 system gloss
while) (o xine phosphated steel panels [Bonderite 952)
to a dry film thickness of spproximately 2 mils.
Prevtous stkdies demonstrated that this coating does
not change appearance Juring long-tenm exproriure (o
accelerated weathering (e g, (HIV-A), Atter allowing
the polvurethane white coating Lo cure lor a snitable
period {e.g. seven days al reym tempelralure, or some
ecnivalent cute schedule at etevaled remperamrc), the
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eposy and Lvbridur coalings [vom Tabies 1 and 2 were
applied as descnbed belowe

Prepaparios oF O L-Cosl Sesltas (Higuies 1 and 2}
the epoxy coatings desoibed in Teble 1 and the
Hybridur comtings noted in Ledde 2 were applied over
the polyurethane basecoat o lorm “one-coatl svstems.”
The epoxy coatings listed in Tabie 1 were applied using
an R385 rod nnber 44 10 an approsdmate wet filin
thickness ol 4 mils. This coaling was cured al room
temperature for approximately 16 hr tollowed by cur-
g for approdmately 16 hr at 43°C, The uldmate dry
(1 thickness of the epoxy coatings was 3 mils.
Ilvbridur coartings listed in fable 2 were applied using a
wite wound rod manvtactured by BDS (rod number
700 which provides a wer film thickness of approxi-
mately 6.3 mils. Lhe Lybridur coating svsiems were
died for 5 hr at room temperature, tollowed by ap-
proximalely 16 hrat 43¢, Ty film thickness for the
Lwbridur eoadngs was approximately 1.4 mils, Fimere 4
illustrates scanning elecron micographs of the 4%
ZnO-Hybridur coating, which demonstrates the size of
the nano-Znl) pacticles (30 nmediarmmeter} aned 1hal
they are well dispersed throughow the polymer systenm,

Prrrabsion oF Two-Coar Sysieas {Filoure 3} a sec-
ol series of panels were prepared by applving and
cating the contrel epoxy clesrcoat formula (neo addi
tives, 224 in Teble 1) to the polvurethane topeoat as de-
serilel alwnae, A this point, the Hybrdur clearcoats
listed in fabie 2 were applied aod cured over dop of the
epOxy Ccoating using the same metlyods as the one-coat
hybrd sysien.

Afler allowieg these canlings o dry and rure, o seriey
of specimens was placed in a LUV-A 340 cabinel with
LIV exposure {contimuous UY 340 A bulb cxposure
will irradiance of 0.8 WmI) The specimens were e
moved periodically to measure color and gloss. From
these measurements, celor change {AL) and gloss yeten-
Lo were citleulaled versus pre-exposed samples.

Figure 4—SEM nf Hybridus caating with 4% nana-ZnD,

1 reHeron
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Table 3—Tust Praperties ard Methods

Fraperty Methad
Gloss—White Leneta [207) ..o oo e ASTM D w23
Gloss—While Lemuia (807 _. .o ASTM [ 523
Gloss—yhite lengta (3571 ... ... o o o iariain ASTM 523
Gloss—EBlack Leneta (20™] . ..o i AETH D 525
Gloss—Black Lenala (BO°) .o . i ASTH D 523
Gloss—Rlack leneta (55Y] . . oo ia e ASTM 523
Contrast ratic [w blacksy white) o . 0o v e oo e =
Dire SCrape | ... o oL e e e m e - A5TH D 2197
Wet sorapa (B4 HR/RT) oo o ASTM 1 7187
Tt T hSTH D 3355
Wk Lapw (24 HEART) oo oo ASTM [ 3250
Water immersicn (24 HR/RTY ..o oo oo e —
Humidity [(100°F100% BHY ..o oo ooy MSTH [ 4585
IFA double rubs o oo A5TH [ 4752
Inene danble-ubs . oo AHTM 13 4752
MEK double mubs o e e ASTM [ 4752
Garde ot mpact k) Direet Lo oo oL Ll ASTH O 2794
Gardrer impact {006 Rewerse © 0oL ASTH 1 7794
Persoz nardress ..o ASTM [t 4366 NS /IS0 1522
Poncichardness o oo oo e ek A5TH D 3383
Phase 2; Assessment of Effects on

Other Coating Properties

In addition to QUV-A cxposure evaluaticns. an u-
exposed sel ol epoxy and Hybridhr-dased coatings were
tested tor a number of common coatng propertes.
Epoxy and Hybridur coatings for this phase were ap-
plisd directly onle stee] panels and cared as deseribed
above. Lhe properties evaluated and associated test
methods are listed in Table 3.

RESULTS AND DISCUSSION

Phase 1: Nano-ZnQ Compared to
Organic VA and HALS

Carlor change of the one-coal epoxy cleareoals as i
result of QUV-A exposure duration is presenled in Tie
4 and Figare 5. As is commaon with epoxy-amine sys-
Lerms, these coatings vellowed quickly armd severehy
upen UV expasure, This vellowing is caused by the tor-
mialiom of eenjugated chromophores during polymer
degradavion.” After just 20 hy ol exposure, AR color
change values ranged from 3 to 3.7, which is quite con-
siderable [or such a shord duration, After one week, AR
values were 16-19 and after six weeks { 1000 he) tey
were 32-39, a1 which time the test was suspended.
Lhete was minimal dilferendiation Debwern coalings
with the vaxious additive packages, probably because of
the: extreme smsceptibility of these systems o vellow,
and the quick and extensive extent of yellowing. The

April 2008 45



Table 4——color Cnange of Epoxy {ma-C

LOLOR L.a.h AF AE

Exposure Time 20 ht 1wk
Cor:Lol—rn additives . . . .2,99 1586
2%Enll e e 1.G3 13,00
L 0 4,05 1854
A% EIND L e e 5.01 1949
Uva | sesae o e - A.04 1817
HALS .. oo 3.00 16,32
UaeHaLS .o 4,50 1602
e InO HALS ., L, .. A ER 1605
2% Tl AUVAHALS . L 573 16,095

AE
2wk

MAET
31,33
31.41
o.zo
25,72
29,499
2437
20,70
26,34

b Systems Dusing QUY-A Exposura

AE
3wk

AEE
37.24
E )
3699
240
Jh.bh
31.09
3655
32a9

Figure 5—Color change of wpoxy coatings doring QUV-4 exposira.
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Table 5—-Color Change of Hybridur One-Coat Systems During QUY-A Exposure

coralings industry has
desiraed a “weatherable”
FPOXY coaling lor some

AE AF af

ok 5 wh Gt timme and there have
37.41 3744 37,99 l:leeﬂ I'H..I.I'.I!["I'ﬂ'l'li\' nt-
3816 . T tempits 1o provide sach
4505 507 18,17 performance through
36.71 2653 .05 polymer chemistry
3285 32T 33.08 changes and addilive
35.91 35.97 36,55 miackages, These at-
32.84 37,06 1198 LemHs penerally have
G217 38.4b 24.60 been wosuceessiul, This
33.28 .25 33.58 evaluation indicates

Lhal incomovating

mann-Luld ws a formali
tion additive dispersed throughout the applied coating
is an approach which alse will nob provide the desired
leval of LIV predection o cpoXy-anling svilers.
Hewever, as will be discussed Tater in this article, i is
prossibler that improvement may be obmined by tormu-
lating such that ZAndYy concentrates at e surface of the
applizd coating,

Coler change in the Lybridur 570 clearcoat systerm is
presentecd in Table 5 and Figure 6. Lylcidur 570 1y
know wr be a Lairly weatherable system and has been
usedd in comumercial coatings for exterior (UV cxposure)
applications.** As apposed to the eposy systemn, color
change in the Lybridur clenrcoats is quite low. Aller 24
i, AR values tange trom 1o 1.5 and after this time
they increase only slightly over a 1000-hr exposure. At
40000 hr, AL's range [rom | 3, which is guite amaring
for suech a long exposure period e QUV-A (24 weels),
Again, there was liule differentiation in color dhivrmge
hetween coatings and additive packages,

Another potential etfecl of weathering is gloss reduc-
tion due tor roughening of the coating surface Mrom
polviner degradatinn and erosion, Twenty degree gloss
resulls for Hybridur coatings over the 4000-hr exposure
are presented in fable 6 and Tigure 7. Lnilial 20° gloss
For the contmol with no additves is 749, with gloss lor
mosl ol the other systems being 78- 80, Therefore, in-
corporation of the nane Andd
Al coneentrations up ta 74
does nol adversely affect gloss,
The mly formuladens which

DOLCOR Lak AE AE AE 4E AE AE dizplayed a slight reduction in
Exposure Time for) 24 20 e 208 e A gloss are those contiining 2%
Control no additives ..., 1.12 L&2 2.04 1.7% 1.55 2.:7 ZnOHATS and 2% Znlf
PeInd oLl 1.14 153 1.07 1.64 1.24 1.9 LIVA{LIALS. Thers was 1o ob-
L I 1.15 144 2,13 1,99 1.52 223 vious visual cause Tor this

T ZN0 e oo - 1.6 2.00 2.69 2.34 2.10 512 aloss redction, but it may be
WA e 1.06 1.34 2.03 a4 1.75 ?'2? due to an incompatibitity be-
”M'S, e 100 Lag 202 .1_4;-; ?'25 SL tween these additives, causing
UAMHALS e, 1.07 1.57 1,04 1.54 77 2.51 surface toughness and/or

My IndSHALS Lol 1.2h 1.43 1.98 1.63 Za5 £.00 haze. Thr ! 1 '( LIV. A
20 Zn0UNAS IALS 1.5° L2 2.5 2.2 2.0H 265 aze. Througheut the (LIV-
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Table 6— 207 Gloss of Hybridur ine-Coat Systems During OUY-A Ex

207 Glocs Avg, Ag. Ava. hyg,  Avg. Mg,

Gloss
Expocure Time (hr) Initial 500 1000 2000 30C0 4000 Ret. (%)
Conlrol —nn additives .., ... 202 TE.A 4 75.2 73.0 70,8 [
L Ry | R THT FEm FLR 9.4 7B 4.7
A% I ol TR Té.3 75.9 5.5 7.2 4.5 04,3
TwmEed oo 8.2 134 T6.4 ThY Tl 40,5 BEA
VA © . s ot 1 o r e I Tal TrT Th i 4.8 12,6 Lo
Hals . | fessomphas i - 0% T 75.4 T4 0.6 0.7 &S
wasdials - o, G4 fa.5 TiE Tad 53.1 65,3 o
2 .EI'I':'JI."'HN e e e rth.? Tal Tig TE. 4 T™.T 735 w1l
P ZIn0AUNAHALS oL Tr3 73.7 T3 7.3 5.5 Tk 4.2

exposure perind, the conrol reduces gloss from 79.2 to
NLE, an 892 gloss retention, certadnly good perfonn-
ance for such an extended cxposure. owever, Jormuala
tions with Xny, UVA, andd HALS, respectively, have
even higher gloss retentions. In fact, the 2% and 4%
Zndy formulations have gloss retenlions of 94. 7% and
31,3%, respeclively. This s remarkable, especially con-
sidering that 20° gloss readings are severe and discrim-
inating any degradation or roughening of the couating
surtace will eesull in a considerable veduaion in 207
ploss. These results dlearly indicate nana-Zny is pro-
viding benefits during this exposure duration.

‘The two-coal sysleans (L, epony clearcoar with
Hybridur clear overcoat) were prepired to assess the
ability of the LTV absorbers in Liybridur o protect the
underlying eposxy. Colar change and gloss data tor the
twio-coat systems are presented o Tabley 7 and 8 ay well
as Figoures & and 9. As expeced based on the epoxy one-
coat results, the conlool system with no additives has
rapic and severe vellowing, with a AE a H06H) hr of 53
Coatings with 2% Znd), UVA, and I1ALS, bolh sepa-
rately and combined, also display considerable color
vhange with AFs of 49 or higher. 'Lhe 4% Zn(} has a AR
of 43 alter 4000 hr, which is improved over the control
and the traditional erganic UVA/HALS additives, The
7% Yn) caating provides exceptional color relention,
with a AL ol only 6.1 aller 4000 hr, In fac, color
change for the 74 200 tormulalion wis remarkable
Lwroughout the entite exposure duration. Figiire 10 is a
photograph of selected sperimens after 2000-hr QUV-A
exposure, ilhstrating the severe color change of the
conlrol versus excepivomal color retention of e 7%
7n() specimen.

Kimilar trends, but with some dilferences, ace oh-
served with 20° gloss and gloss retention (e B and
Figure ¥). Gloss of the control dropped considerably,
with a gloss retention of onlby 37.1% after 4000 he. 'The
e Dy and 2% A0 UIALS swsterns also did not fair
well. The TIVA, HALS, and UVALLALS systems hiud

WY, SO g s tectT, org

Figure 7- 207 gless tefention ol Hybridur coatings during OUY-A ex-
posuTe,

Ona-Corl Systern—HYERIDUA 570
207 Glaes Relention
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fo o
A
Ldd
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20° Gloss.

LTI 10 L

QUY-A Exposure thr)

3000 A0

gloss retentiony of 85-%0%, which is consideralily good
for this exposure duration. However, the 4% and 7%
7nly, as well as the 2% 2ol LUVA/HALS, had excellent
eloss retention thronghout the exposure time, with
neacty 100% alier 4000 Tir.

The tesults of the two-coat systems clearly lustrare
thiat the name-Zn0) s providing LY prolection to
[Ivbridur and also the underlying cpoxy coalng, even
maore so than the waditional organic TIVAFHALS addi-
tves. This is indicated by excellernt gloss rewention of
the [Iybridur and minimal calor change of the epoxy. 1L
shonkd be considered that 2002 is guite stable, both
chemically and physically, especially compareed 1o or-
ganic UVA and [TALS additives. Previous reports™ 7
Beave documented that TRA and 10ALS additives can mi-
grate oul ol coaling systems to the surface, or (o the
substrate, Peing oqganic in nalure, they also are suscep-
Lible 1 degradution. Theretore, although they have
been used extensively and are effective over sholler pe-
riecdls off time, they can be rendered ineffective over
longer durallons. In contrast, nano-£00d pariicles are
more prone to be anchored in these polymer systems
and will noet wigrate, Also, they are chemically stabile as
dispersed in these polymer systems, 5o, as the resulls
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Ea Values

Table 7—Colar Change of Two-f,

g Daaring Exposure i LA-A

&E
20K

46,33
S0.07
23.09
2.42
3552
44,60
3558
4550
2291

AE
EL il

4591
54.00
3480
355
cf B
LR.55
NbA2
51.70
3727

AE
4000

RATT
5825
43,0/
513
49,77
51.56
4922
5473
40,45

Figure 8—20* gloss retention of two-coat systems during OLY-A
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Fiqure 10—0UV-A two-coal syslem specimens after 4000-hr exposure,

lerein Ulustrate, they are effective for much longer ex-
posure periods.

It is imteresting to compare AR results from the epoxy
one-coal sysiem W those rom the two-coat system.
As noted abovwe, ALs for the epoxy une-coal syslem
were all above 30, even aller just theee weels [~300 hr)
exposirg, indicaling that none of the UV absarbers
wele providing much protection in the (onmulaticon, In
corrast, some of the Lwo coal syslems had much less
color chiange over this time, and the 7% system was re-
markably better, even at 4000 hr. Cine nain dilferentia-
tion is that in the one-coal systemy, the WY absorbers
are dispersed throughout the coating and therefore nol
concentrated at the surface, Thiy allows LIV rays to pen-
etrate deeper e the coaling where they can cause
photadegradalion of polymer chains closer to the coal-
ing surface where they are exposed 1w UV, In the owo-
coat systern, the 1Y absorbers are in a coating above
the epoxy, and theretore have the ability to abwsorl
considerable TV radiation before penetraling into the
gpoxy caaling. This is suspecled o be the difference.
ITiL is possible wo formulate the epoxy coating, or any
othier coating, such that the LIV absoers {nano-ZnC
in thiy case} rise o he sweface of the coating and are
concenuated there in the dry, applied coating, this
may provide substantial absocpion of incddent WY ra-
diation and thereby protect the underlying pohbmmer
even further.

In order to undersiandd he Tundamental canse for the
protection ohserved during the JJUV-A cxposures, some
of the Lvbridor coatings were evaluated [or transmis-
sion through the [vovisilile specliumn. These results are
Mustrated in f9gures 11 and 12, Figure 12 magnifies
transimission in the TV region. The control wilh no ad-
ditive has well over 2000 LY Lansimission at wave-

* lenglhs greater than 230 nm, The UIVA/HALS coalings at

www coatingstech.arg
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bexth 3% and 8% Lotal concentration hawre a large spike
in the 240 to 290 nmi range. The 4% Xt costing has g
transmittance of <% ihrowghou nearly the enddre LIV
spectrumm; the 7% 2Zn0) systemn has vimally no wansmit-
tance aver this range, which explains such exceptional
LI protecion in the coating systems evaluated,

Phase 2: Assessment of Effects on
i(tther Loating Properties

The second phase of (s ellort Jecused on determin-
ing if other coating properties are aftected by incorpora-
tion of nano-Znd. Tbles 3 and 10 list results [or the
epoxy and Hybridur syslewns, respectively. For the epoxy
system, nearly all of e properties remain consistent,
will the exception of scrape adhesion and especially
wet scrape adhesion. The dry scrape adhesion values
range from 6.5 kg (or the conwol to 8.5 and 9.5 kg for
the coatings containing 1% and 7% Znok. Trom these
results, it appears that the nano-Znd i improving Lhe
toughmess and/for adhesion ol the coating, [n the wet
scrape adbesion, almost all of the adhesion values de-
crease considerably relative to the dry serape, wilth most

Figure 13—Lv-vis transmission of Hybvidur coatings,
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FigLre 13—Hybridur specimens exposed in humidity chamber.

Withook reaie-2ho @ § ey

Wit paapo-Z00 [ 30 Says

vesnlts being in the 3.3 w 4.5 kg range, which is ap-
proxdmately a 50% ceduction. This is somewhal ex-
pected. In this test, a coated specimen is immersed in
water for 24 hr at 70°T, Upon removal, the specimen is
tested Tor serape adbesion of the coaling (o the sub-
strate, Water will plasticize and soften many coatings,
as well o decrease adhesion, so it is expected f have
Teveeer values for the wel versus drv scrape adhesion. 1ln
general, the overall results for the epoxy coatings are
it good and somewhat expected due to the excellent
lhardness, adhesion, and waler-resislance ol epoxy coat-
ings. Ilowewer, even more Dotable s the dramatic im-
proverment of wet serape ndhesion of the coatings with
4% and 7% Znd) [relalive o those wilhow Zndd],
which have values of 7 and 8.5 kg respectively. Not
omly are thexe coatings nalably harder than those with-
ol Dano-Lnd), there is only a minimal redoction in
scrape adheslon due to water immersion (e, dry
HITA| I VETHLES Wil S[Tiiﬂfz“.].

Results with the [ybridur coatings are presented In
fible 10, In these tests. ZnQ had the most notable ef-
fects with improseed aleohiol resistance ([PA dodile
eubs] and humidicy resistance, This polyurethane-
acrvlic. as with other polvurethane-acrylic hybrids and
polyurethane dispersions {PLIDS) in general, are sus-
ceplble 1o aleohols as observed with double ub tests,
spot tests, and immersion, Tn many cases with these
polvioers, alechols severely solten and sometimes actu-
ally dissolve the polvimern In these cutrent evaluations,
all of the roarings without nang-Za have 1IPA double
rulys < 100, while all of te |ybridur coatings wich
nano-Znd have IPA double mubs of 200 o1 greater,

Ter assess aleohol resistance further, we perfonned
spol tests by placing a 0.5 = 0.5 in. non-exiractable
towel, soaldng the towel swith IPA for 30 miam, remey-
ing, and then assessing effects on e coalings. Again,

www.coaiingstech.org
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dramatic improvements wers observed with coatings
coriainmg nares Andk Coaliings withoul Zads soitened
dramarically and were easily removed from the sub-
strate, while coatings with nano-7n0 softened and
swedled omly slightly and hid a crosslinled character.

The: ather property thal was substnially anproved
wilh inclusion ol nano-And was humidity resistance.
As illustrared in Frure 13, the non-Znd coatings
formed Blisters within 24-hr exposure inthe huomidity
chamber, while the Zn0) coalings lasied 30 days wilh
no blisters or other coating defects. The coatings were
removed from the chamber at 30 davs.

To further study elfects of nana-Znd), other water-
lorne polyvimer systems were evaluated, including
P1IDs, other hvbrids, acvlic, and vinyl acetate-cthylene
co-polymers. All of the waterborme polymers tested that
had carboxyl funcdenalicy displaged improvements in
alcohol resistance.

Based on all of these test resubts and observations, it
clearly appears that the nane-Zndd has a sell-erosslink-
ing eflfect on carboxy lwncdonal polymers, swhicl signif-
icantly improves chemical resistance and homidity re-
sistance from the propemies tested, and possibly other
properties which have not been evaluated 1o date.

The potential of self-crosslinldng of these polymer
systems led to g quesiion of their shelf stability as a raw
raterial and in a formulated coating, Se1s of the pre-
pared Hybridur formulations containing 4% and 7% of
the 5447 nana-Znit were placed in sealed containers
and kept at room lemperalure {707 F} for siz months
and another set was placed in an oven at 124°T for
four weeks. The contiainers were evaliated periodicoatly
(o viscosily and pll and the coatings were applied and
tested for IPA denble rub resistance. No substantial
chanpes were observed in either the room wmpenlune
ol elevared temperature coatings and all of the applied
coatings comtaining nane-Fnd passed 200 T'A double
rulss. These results provide evidence of shell-slable, sell-
arosslinking polymer systemms,

CONCLUSIONS

» Lpoxy coatings (one-coat systems) yellow severcly
when exposed 1o UV withoul 1Y absorhers and also
wilhh LVAJLLALS and nane-Xnd.

v [Ivbridur coatings [one-coat svstems) maintain
color and gloss very well withonnl amed with TV ab-
sorhers.

» Tiwio-coat systermns contalning an epoxy clearcoat
with a Hylbridur clear overcoal yellow severely with no
Y absorbers and with UvA and LIALS. Coaling sys-
tems with 4% nano-7nl in the Hybmidur clear overcoat
harve: less vellowing, especially over extended duraiions
[up to 1000 hr) in QGUV-A, Coating systems with 74
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Zn0 have exceptional color and gloss tetention over
the 4000 hr GUV-A exposure, UV Lransmission resuits
indicate that this exceptional performance is due w
nearly 100% absorption of LIV, espedally compared to
the organic |1V additives.

+ Hybridur coatings containing 4% and 7% nano-
7n0 have dramatically improved aleohol and humidity
resistance. Similar improvermnents were observed in
other polymers such as polyurethane dispersions,
acrylic latez, and polyurethane-acrylic hybrids. 1% dou-
ble rubr and spot test resulis provided clear indication
that systems with nano-Zn0 are self-rrosslinking.

* The 4% and 7% Hybridur coatings were shelf sta-
hle at 70°T for =6 months and at 123°F {or =4 weeks,
indicaling a shelf-stable, self-rosslinking polyroer. [
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