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Principles of Accelerated Wethering:
Evaluations of Coatings

Mk Nichols, Ford Rasearch and Advanced Enginearing

INTRODUCTION

Clnw of praine’s minal imporiant actribu tes is s shility to main-
tait porformiance for an extenied perind of time o s intended
soreice cvirontnent. That ewvfronment way be oo incerior wall
i a single family home, the outside of wp underg round pipe-
line, ar the exterior of a vohicle, The sersipo wavironmenn 1s
differer in all three cozes, Tue the ahilite to mainlain the paing:
Manccioms—aesiherics, adhesion, comrosiow protection, und
mrechanical performance -is still reguired.

Objrcts thar predaminantly reside ouldoors are subjeered o
o o thee riost challenginy service cnvironments for coalings,
Exposure to sular radisbion, emperature fuetoations, ran,
st and envirenmental Gallout Qaeid raln), challeage rhe
perinrmance: of most coatings, Examples of painicd objects thut
are expnscd o such environment s include sulomabilos, sireraft,
infrawmactire (hridges and roads), howses, and Twildings. To
achisve long-term performance, exterior comtines requite resis-
tanes w degradation by UV radiacion, resistanee Lo ledealyeis,
ard resis(unce iy eroaion by rain and snow.

Thu durability ol s coating iz tepically nssessod by expos-
it it at seleeted surdoo locations to guani ify the eoatings
real-world performance. While nacueal exposuire vutdenes iy
a raliable nwtlond of azessmend, nataral ow posure provides
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litl e aceelcration. A coating Lhat pecfors seceptably after five
vears af Florids cxposure means Hiae che coating will sureive
five wears ol exposy re in Floctda, 1nel this savs nothing about

itz performanse atter 5.5 vears or I vears, 1odoes mean thag
th conting may sevive longer chan five vears na less harsh
envi reumeent, but the filure miode may chang, 2: envi ronosen-
ral loads can vary drmmalically from region to region, Thas, it
impractical lo develnp eoatings using netural cutdoor ceposare
as s merhed to agsess their long-lerm du rability, as prodoce
dewelopment Hme cycles are not compgrible with test meheds
that take five-plus vears 1o perform,

Coating formalaions, thercfore, rely leavily on accolerated
weeathering teals to develop amd eptimise coating formu-
lalins. Aceelerated weathoring teats attempeto degrade o
voating at a laster tate than chal wwhich veeurs durng natural
e postre. However, to ke relinble aod use b the inereased
rate ol degradation must oo suerifice the aceuryey of the
results, meaning the corraelation hegweeen seoeleratod weathor-
ing teeules amd patural weathoring resalts must be quice Teigh.
TUnreliable rezulis produced gquickly are rot useful, awd can
pocend iy e quite damaging to a eompany’s reputation and
Tstrown line, The bull: of this artiche weill Jiscuss the seience
behiird pain degraduiion aml the various methods used Lo
assesd [aint weasl herahilily,



PAINT DEGRADATION CHEMISTRY

When coalings are cxposed outdones, the elecrs of mnisiure,
heat, wud UV radiacion can cause various compaonents of the
paint o degrade. Generallv. the most susceplible components of
a paine film e he Bender and the pignents. 1TV radiation and
watel can cavse these materials wo chemicslly degrade and cliese
reacions ave often aceslerstod when the temperature rises,

Treyeradativn by L3 radiation 1s trpicatly termed photon=i-
dution, as L'y radigtion indliates the reactium, but acmyspheric
e parlicipates inthe chemien) deprodation pathwaes,
in shor, somelings in the paine system must abenrb a photon
ol eudintinn to starl he degradation procesa. These ahsurking
specics are termed chromophores, and cun be @ piygnent par-
tfele, The main chain, or an cad geowp of the polymeric binder,
irnparities, residual aolvent, nran additive. (oce the phaton s
absorbed, the chromaophore must dissipale the energy, Often
this ocours by eleaving a covalent homd to form teea radical
wpecics, Lhase vudieals are tvpicallv highly reactive towards
neygen i comline with asvgen oo form oxveen-centered
radicals, Omer these radicals arc formed, thes can propagate
Vi warings steps 1o cleave additiongl bondy, resulting in achain
reaciion thal degrades the patyvimer. The full deigils of the
phetonsidation process sre bevand the scope of chis article, hot
several bocks and mmmaseripts ave ayvailalle lur the inteested
reader A simplified sehemaric nf che process iz shown in
Figaure 1. The specilic degradarion pathways thut apaly mer
expericnees ate strongly dependent on vhe nature ofthe poly-
e AN increase incrozslink density or a decrease in crosstin
densily or molecular weight can be obacrved depending nn
the pralymer, The former can give fise to cracking concerns,
and the Iatter a1 resyle in tackiness, loss of solvent resiztanee,
or serateh resisianee. Color chiange and gless logs canaceur
reunrdless of the spocific dogradation patlay,

5esl chrable coating binders veed to e made (rom plio-
tosdable polvmers. Thus. aervlics are often vaed in the mnst
dematling applications where mytdonr weatheraliality iz
cssentiol. When synthesized properly, acrylics are essendially
fransparent to LY radiation, and o their ow weould absaor

FIGURE 1—feaction schemalic for phatooxidation in pokymers,

l Chromopiomn - ke ——® Ty |
| Yo+ gy ———= YOO- |
| ¥OO-+ ¥ = YOOH - ¥+ ’

l IO o  peoducls
' YOOH 55 e Y0 r=0H e 7Y
YOOH -+ Whw b e non-pmdital products

| S

e

alinwesl no UV radiation. At che ather end of the spectrum, avo-
matic epos y polymers and polyurelhanes crosslinked with am-
ratic isoeFa Nales have verw pout ontdoor duralidlivy due to The
aromatic grngp in 1he main chain of the polymer thal shsarbs
stromgly in the lerreatrial UV region of the specttm,
Tnaddivion w photeoxidation. Maders can degrads ¢ hrongh
hwdredysis, particulaly if the iemperatore of the coating is

To be refiable and useful, the increased rate of degradation

must not sacrifice the accuracy of the resuits, meaning the
correlation between accelerated weathering results and
natural weathering results must be quite high.

elevarcd, as ona hot sunery day Tnder these condivions, waer
rmotecules sbsorhed inthe coating canartack the covaloat bonds
in the binder s eleave the polymer chains, resulring fn s loss
of nolecubar weipht, Polpesters and ulirds are more suscepribly
t this than polvurethanes and cpoxics,

COATING STABILIZATION

Ta addition to the composition of the binder and pizmeots, stali-
lizer udditives have a pootound cfect on the lomp- e woeas b-
crability of coacings, Ulcraviolet lighl absarhors (1WA 5} nud
hindered artine ligh! stabilizers (HAT.S) con otk sfgniheantly
watend 1 he lifetinnge of coaniges ex posed culdoors. TTVA: work by
abenurhing 1T¥ Lghr bwfore it esn be alworbed Ty che other coating
componentz. The absorbued ght is then dissipated harmlessty as
bwat, Uhus, UvAS provent photooatidalion from starting, Ther
worh, bestin che top layer of 2 comiing sysiem and prevent dep-
raclaticn from pencloating Jeep into Lhe coaling syatens, They
cannot prodeed the vere surface of the costing, acafinice path
Teerth is reguired for theee to achicve signiDoeant ahsorbanee.

TPALS funcrion o radical scavengzrs and discuapt the propa-
wation sleps in the phioteoxidation process, Thew are vary effac-
tive throughout the coating systern amd can significantly redaes
the rare of degradation of a coating, Boch HALS and UVas qre
lorrmulated do perform for Tong tines, Howaover, thes are slowTy
coasumed during weathering and dao nol provide mdefinile
prevection. The loas of UV and TTALS can e quaniified via
LY spocivosenpy and FEE spoctreseoy, tespectively. Thelails of
the mechanisims by which HALY and UVas worlt aro reviewd
thoreupghly by Valer®

NATURAL WEATHERING TESTING

Al coatings thy e expreered t be nsed outdanes ghouid bo
esled outdoors e yndersiand and confirm their peelormanes,
A mendioned carlier, natural weathering prowides litcle acceler-
atiom, but it is inarguably the trath, with respeet oooutdoor
performeance.

The de Tacta stamdard bocation ln outdoor exposure testing s
south Florids, LEA dire o its relatively harzh elimate compared
tor most onbier beealions. Miami receives over Lo m of tainlall
o average each vear, more than ooy olbher majur ity in ihe
continentsl Lnioed States, Lo addiion, itecceives on the ardoer of
a500 ¥ of total radiatinn (283 2300 oo} snnually, among
Lhe top (0% of radiation deses recoived Tndhe conlinenta)
Unfled staces, Thus, this climate provides bonh strong Uy, high
humidine high wroperatytes, and simificant tiowe- of-aretness
due Jor both enintall & nd nighme dew formation.

Matnral weathoring tesHog occurs ool her loea Hons as
woell, PFaintod] panela are ofien weposcd outzide of Fhocnix, A7,
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11948, whicl is representative of @ deser climare. The radiation
dnse is -10% higher Lhan that in south Florida, burthe ran
anel humidity are sulsianiafly lower, For fBolure medes whior
% radistion deminares. expozure in Arizena iz logical. Other
exposure locations aroand the workl exist ad can be useful
for dilferent types of coatings. Cold resistanes can he coated ac
exposure sices v the northern United States. Lropical expo-
sure cuil take place it northern Aaslealia, Vavioos Tocacinms

in Asia and Burepe can also be used to assess performanee in
thess areas. Ourdoor wesn hering servives are offered by seyv-
eral comnpanies who specialine in maintaining expozuare sices
around the weaeld, smd they record environmental variables,
track sumples, and evaluate 1he puinls progertics during and
after capnsure,

Omee the locacion is chosen, the type of caposure needs w
be deliozl. o the northern hemisphere, panels are cepically
exposed facing south Lo ensare they are pointed toveurads L he
sun during the day. The apposile is rue [nrsamples exposed
in the sourhern hemisphers, The maximuom annuad LY dose
i ohtained when one exposcs pames “an laliiode,” meaning
the panels wee held ot an angle from the horizontal that equals
the laritnde of the exprsure sive, Tosouth Florida, thic weuh]
mezan paneds wonld be exposed facing south and 267 from the
horizomtal. Ocher te ey cxposure conditions are 5% soulh for

AGURE 2—Fainted panek in exposire racks in south Florida, (Upper) automotive
coatings exposad at 57 south, and flower ) architeclural coatings enposed at 907 south.
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aylomecive coatings, which allows Tguwiad waler o rermain on
the zarface and move slvinaply participace in the degradarion
process, and M7 for architeeto ral coutings (facing south te
cmphasice degradalion and faeing north 1g aceentuare mald
and algae attacld Ocher condilions are alse possible, Examples
ol lypical cxposure racls are shown in Fiyre 2,

ACCELERATED WEATHERING TESTS

The goul of sccelerated weathering testing is 5 prodiviion ol e
leyg-term pewlormance ul the coating swstem In a short ameunt
of testing time. Aceurate results reguine that the seeclenired
weatharing comdiljons elosely match che natural weathering
conditions. ot alse enalile s o geceleration inthe degradation race
cawrpred Lo patural weathering. Becanse paint product deeel-
opinent eveles cannol by oficietly executed onthe tme scale

ul natural weathering, mueh develomneny work uses aoeeler-
ated wearhering loin form fonoulation development Tdeally, an
wecelerpted weathering test will wecelorare the sane depradaciva
chamishiry Thut oveurs during narural weatheeing es posure and
provide similar physical soresses such that the ulthmate failure
rcndens ohserved during nataralweathering are reproduced with
high fidelite. The realivy is Chat many of the mast common aecel-
craled weathering tests distort eicher The chegraclalion chemisiey,
the plegsical failuve modes, or both, such thar false posicves and
fulse negatives are a common occurrenee, Forme Jators ander-
srand this discom ncel and often rely on direccional dilferences
when conparing twa formulalions, TFfonmulation B sheas botoer
perlorinancy than formaulation A, which s koo n o peeloerm
well for seven vears in 1he held, e formmalacion B should per-
frrv e sl fon muore than seven vears in wervige. While this malkes
inmuicive sense, ollen sulile fonmolation changes can reaultin
Jrwmmiic differences o in feld porformanee,

I gencral, acoelerated testing instrumenes need o be capable
uf supplring: (12 concrafled amountal Uy and visible radialion
at the speciinen sutfae; (21 controlled t2mperature or cempera-
ture exeles; (3 hwmidics and Nl wacer applicarion to the test
sperimens amd (41 relisble, long-tevm aperacinn, as accelerated
weathering tezcs often fun e chousasds of hears noovder o
simulale veuts of outdeor exposure.

FIGURE 3—QUY* accelerated weathering chamber,
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Ther el cralical Taclor o conural 15 che ntpoet of che Tt
source (nside the weathering chiamber. The tse of 2 lighl seamce
that doos not clescly maleh the spechral powor disieibodinn
(SPTH Al snnlightcan reanlc inunrealistic degradation chemis-
v acenrring during the sceelecated weathering wes!” Changes
i The degradalion chemistey can then lead to dilMTerent changes
it phrsical properties (gloss, color, mechanieal propertios as
compared 1o Lhe changes thal coour during nalural weathering.
Always by to wae a tesc that uses a light source that most closelyr
muatehes sunlight,

Fene mva iy wears, he instrnments used o perform aceelerared
weathering drove or defined the aceelerated weatherineest
mielhods o protecals, Curveat tese meched Tinkiog s driving
teracards performance based protnenls, where the test paranu-
tors wre first defined and then instruments capable of mecting
these merrics can be rignreusly qualified as capable of per-
forming the test protocol, Histeriealls, aceelerared weachering
devices ard ves) preolecols have Tlbon Tnle veen calegnreics: those
bazed on instruments that nsed Avorescent bulb light sources,
anil chose baged on instruments that nsed xenon-ure Hght
aenrizes, Borh will T discussed Dielow.

A tvpleal flusrezcent bulb accelerated wenthering device
15 shmeen o Figre 3 The TThs aee aligned in powes inside the
charnber and the panels are placed onthe ontside of e cham-
Taer Tacinpe irvwea rels, TTuarndily is condealled T heated warer in
the bettom of the chiamber, or oprionally through the adidivion
ol spray bewds, A number o B3TRL TS0, wnd SAR atandards are
written around these types of devices, and theze devices have o
mrabier of advantases, First, the insrrumments gee relanively casy
o operate and have seeaightiorseard facilicies requivements.
Tley do nor consome large smnounts of either cleomicn] poseor
e deimiecd (T wator, The nlhs are relatively inexpensive,
and the deviees are easy to maintain. Thos, these instournen s
B Tomg been nsiced Ty peaind enmpanics and paint chd-users o
qualify paints for uze.

Howeven, Lhese devices have serious Jdevehacks iTaceurate
service life prediccion iz the vzers gnal. While o few different

FIGURE 4—The spectral power distribution of UV-8 and LY-B bulbs used
in a QuY accelerated weathering instrument. The spectrum of sunlight is
also shown as & reference.
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types of fuorescent bulbs are available for these devices, nons
ul The Lot peovide s goed mateh woche solar speciram af
light. The output of the tao most popalar balbs (LY-A and

Uy -By also callod UV-240 and T7W-213 bulbs} are shoeen in
Figore 4 along with the qutpucof terrescrial sunligho Teis
obrious the U wv-B bulbs outpur o significant amout of et
bulorss 295 mom, Torecstrial sunlight Tas no eadianion Taelow

295 . Am this low wravelength et 1s the mose energetic, it
can b qguite damasing o organic naledals Thal absoch inrhis
regicn ol the spectrum. The wse of this wnnacoralls harsh light

aotree el distort the chemical degradarion that cecurs during

wegthering wngd provide wmigleading resoles.” Tooaddicion, liguid
warer 13 typically only supplied to the surtace of the panels via
cundersation whorn che prnel iemperatore drops el the
dewar poine ot the chamber. Thiy s not an acenrare representn-
tiom ef rainfall in the naiorul world, s rainfall induces smme
crasion during its impaet an the surface of snatings. Ttis iz
difficulr to control the ameunt of water on the surtace of the
panels because ol e snechaniam ol welting and theie verci-
cal oriencativn. Theze halbs should be avoided in accelerated
weathering tests if the user's goal is g sccura peadiciion ol
Tong-cerm performance. Tf wour custmner or supplier indicates
that tleir test mechods requive the vse of Uese bulbs, vou
should augment yowr tesing plan with additional tests that
more acenrately predicet
-0 g e Tarma n e,
The srbofthe L v-A
buThs malehes the sundizle
EPE nuch bhetrer than the
- baelbs, Thus, v dege-
radation chemistry driven
by the Lv-2 bulbs 1s 2 much
Berver mareh oo chat driven
by sunlighe. Unfortanatels.
e sl gl ol che
SPECTITNDG §5 2 ool miatels 1o
sanlizght, arnd this matlers
aswell Ior the aceelerated
weeal hering ol cleareol s
the use of UV Ahualhsisa
wighle oplion, However, for
pigmenced svatems oo those
systeims whire clearcosats
arc applicd meer pigeenied
syEtelns, Ly-2A bulbs can
pronvide misteading resnlls,
Accelerated weather-
ing instrdments Lhal wsy o
wenon-are lirht source can

FIGURE 5—Yfeather-Ometer

prevvide s muoch cluger mach =

top the solar specteam than

can Mugrescanl bulbs, Dl leht ihal comes divcetly from vhe
wenoa are lamp onitaing quite a bit of radiation heloer the 295
nm cudef. However, glass flvers ave always vsed o surround U
mencn-are lamp, and the compesition ol che giass Moers deter-
mines the oucpur of the lonp assembly, A tvpical rorating rack.
wenen-a e weathering ehamber is sheraen in Figee 5 Thevices
weith Hur srraws where the paels ae stationacy are also avuil-
alle Tnche potating rack desicoos, the pancls are rounted on che
rack and face inweard toweard the light that 1s vertically alipaed
in e cznoer of the deviee, Spravs heads are oacd 1o0sprasy Tiquid
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werlen onle Lhe speeinens as chey ave rotated slowely within the
chaanber. TTumidity @ condrelled through vaporiclion ol wares
i the air handling system. Various TS, SAT, ASTH, and D1
specifications have been wrirten around these instruroenis,
Histerieally, the most popular flicr comdidnation to nse in
xerian-ave devices was termed che quarts/horosilicate combi-
nation (quartzhern, lor shore), The inner Gliee s made Teom
cpuarte, which is eszentially fransparent to UV, and the ourer
Alter is made Mrom boresilicare glass, which remmoves nst light
belww 280 nin. The SPT ol this and other filcered wenom-are
lights wre shown in Figmee 6. 4 cloger approximation to sunlizht
et be made waing bore-tovo RlLers, whoeee both Dllers are made
Mromn borosilicare glass. This conmbination has been favored by
E0T0e AUnmin v OF W, gind tesearel shoses thai 11 provides
a neh betrer reproduction ol degradation chemistry in many
AUbamoL v col Iy, However, even the small amount of unomar-
uralky occurring, short wavelength TV present in bora-hors
MMered Tight can canse false negatives n some coaring systems.’
Lecenthy, new glass choemisiry by alloscd Torthe croacion ol a
(Mer tha provides a precise maceh to sunlight. This filter is nvail-
able for rotating rack inachines noder the name of Righilighi
and for flat array machines undes the name Traylight-I07 Research
Tias shorwen Lhal Che wse of Llight fileered to marel sunlipht allows
for 2 very close match between the Jegradatinn chemistrs that
necues in The weeelerated weathering test and narural weathering,
L comtbivation wich improeed vhernnal ansd moisonee ceeles, the
iriproree] filter has been used in a new accelerared weatheringe
protoenl, ASTRT D7E6Y, which has shown significantly friproecd
verrelation between aceelerated and nacwral weathering for avte -
rackinas coalinees and plastios, Ios vse tor nom-antoneedve coling
systenus has alan been investipaled with mixed resules
Acevleralion inall sceelerated weathering testing s typieally
achieved through increased light indensly o md elovared tempera-
L. Cave must be taken to ot over incenstfy the dght or rajse
ternperatires hevond capoecled daily masimmes, For asample,
the rayxirmnm intensity of sunlight in souch Tlorida during
simmer iz approsimaicly 4055 W measured al 340w, The
inlensity enly reaches this level near noon. Threoghmat the rest of
the danric s less, wnd daring the niglt it 5 cero, Ina vepica ] aeee)-
vrated test protocal, the lightintensity wold e held constane at
055 W @34 0nm during all pares efthe test, which provides
significant aceeleration over nalural ex posure. Tr addition,

COMPOTENE ternperatures outdones Lypically olloe e dioe]
cerle, undd sew g muximnn shortly after noon. Tinr ng accelerated
cearing the masimum Lempeealyre is hald threoglour the evel,
or through the part of the evele while the ligh s on. Ty pical
pane] famperatures sme 7O or 80U, as measured by the blacl
pael standard in thesweathering chamber These lemperalhoas
arein line with the masinnom pare temperatures observed on
ohjects inwarm swn iy climates," Thas, neither the gl inensicy
10Tt temperature 1s nereased beyond vy pically experienced
valwes, Uk e duration of che cxpesare at the masxdnmms is
mwreased to provide acceleration. A cummyty of some ol e
e popralar gceelerelod weathering tests iz given in Table 1

1 principle. aceelzration could T furtlr iereased by wsing
a hipher rradianes, Data suggests thac degradacion chemisory
iz notdistoreed when going lo -3 emdnal sun incensite” and
ASTM D7H6D nzes 1.3 stms 080 WM GE3HInmm o provide
addicional seceleralion. Wost mainline weathering deviees have a
dithealtrime producing irradiances inuch higher than this Jue
prreerr am] sumple heating issues. Thus, machine limicacicns set a
practical Timican the amnnml of scoeleration readify achicvable,

Taple new to wearthering testing a e ollon confuaed by the
different reems and unils wsed when disenssing test mnechods andd
results, This s particular]y crue with respeect looweathering Hime,
dise, and intensiiy, Tests are often run for a specitic dme (orpi-
cally davs or howrs) or dose (Fepically in kI The Uiz velativel e
slraiph forweard, but the dose quoted {s meaningless without an
understanding of T the: Tighl vess racasared or controlled, T
develorated weathering, the lamp outputis typically controlled
wia marroee-Trand mmcssy remmen G U, the intensity (also called
irradiance) is contralled at 033 Wne GE340nm, [nr example.
S beal trcelhods cull Bor e Beht oo be controlled ar 420 no,
Due to the SPO of the TanpAitoer combram ions Depicalls gsoed
in aceclovaled woathering protocols, the incenstte ac 420 nm =
approsimacely twice thatar 240 nm lur g pisen poveer lesel To
adddivion, sonwe devices contrel vin awide band wotal 17 ovtotal
radiation measurement. This is also tepically troc of nadural
cepsute tosting, which malies it ditHeulr to compare accelerated
te narural weathering on a dose Basis. A peur cxposure inosoath
Floricla provides - 6500 33/m® of total znlar radiacion (290 3000
) bt che value at 340 nrm s raeely reported, Uhe translacion
of outduor exposiure times to equivalent accelerated weathering
times ia cornples and will b Jiscussed larer i this artiele,

FIGURE 6—5pectral power distributlon of (a} xenon-are lamps filered with boro/boro and quarizbars fitter cambinations, Sunlight spectrum also shown

for reference; (b} SPE of sunlight, Rightlight*, and borofhori filtered light on log stale to demonsirate the fidelity of the match betwaen sunlight and
Rightlight=filker combination.
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TABLE 1—-Acceleratzd Weathering Test Condtions

DRy WET HOTES
Tradianes . dlack Panel Irradizaee | Bl Panel l Tinie Dors Tusip
Tl Merli:d Fitler e | Tewpericure | CiHurnidiy T | et Tenperature | % Hoamidice e jklim? f |
340 m! [T IR il | 30nm |
' i
#2830 Deredlicr e .5 58 T 02 15 Bh Wistkr Sy T 43 |
JSTM DGGAG Y | Cuarzlons . . . iyt )
- E— (L] LH an i 134 51 Waler Spray 18 10l
_ Mula: There it aleo g 20r ™l
. E1anz'fe . . . .
AT 1In2T “Bara: 155 | 50 120 1] 3B walc Spray £ nI waterspraywltvthe ghtanin b
SEEAILEIN itk k<l ligal cycle
FighILight | MNaee: Thec 240 substznal
. ' |eklas) ar e ) ’ snibteae ared Innps within Hiis by,
I Dagleght F N A 0 a0 b # Hater Spray | 4 #4 This juzt provides a ze=nmary of e
[0-Laksd [ annesk sheps,

Alrhesph 1l 8T ol Thie light is o mapar variable inoaccel-
erared testing, ocher environmental loads are also eritical.
Toparbivalar, waler plavs a key vole inmuny ol the degra-
dacion processes that cecur during weathering. Water acty
as i plasticizer for mest coaring binders, which redoces 1he
glaga transition femperature (T2 ol the coating. Coatings
that are plasticized are more prons to migration of smull
molecubos wilhin vhe comn ing Watoer can also displace ncher
maiecules fromn nterfaces within o coaring svstern or between
che couting amd Ve subshate, Teading oo a less ol adhesion,
Additionally, water can induce stresses in coarings when the
costing expands becanse of moisture uptakes buy = consirained
due toics adhesion to the substracc.

11 xenen-ars weathering instranwnts, warce 151y pica 1y
applicd via apray noeeeles. Some insteuments contain nozzles
that can sprav both the front and back of the specimens, Uhomgh
The clTect ol he Tack apreay is ol dubions value. Studies have
ghowm thar conthyy svstems can becmmne saparated with winer
during vernighl dew cyvents in Florida," TToweeor, minsn speagy
cyeles in accelerated weathering protocols last for vue hour or
Tews, proveiding inuch less waler uplake than oceues in Florida,
1 addition, nwst weatheving protocols requive the water to be
sprayedl while The semou-ure larap s en, The demperalure of the
cnatings is quite high when the lamp is oo dae to the high ina-
dioee, ‘This forther provents the smnples from absocbing waler
during sprav events, again diminishing the match between
the avceterated weathering tests and natural woeathering, The
newiest aceelerated weathering protoen], ASTX TA7EAY, arternprs
to correct ma of these error states, 1t uses much lonwer waler
apray cychos, and watee 1 only applicd whils che Tight iz oft?

Lo aaleditienn to xemon-are and Huorescent Lunp teehmokowies,
there are other inarrnment s used lor aceclerated weathering
testiny, instruments that vsed 2 eacbon are Beht source were The
indust ey standaed lor many decades, and weee the first aceel
erated weathering chanbers nsed, The Light produeed by these
innaLrarnenl s Tt norgscndsl= nce losunlight and can dramat
ieally distort the degradation chemdstr of most coatings, kos)
sppect Neat s have wharadoned thaese instrumencs, Butone sl
oeeasionally mun into a eustomer or supplier whe still does this
Pemilimg Besmialls Troeen hiese Tests sToonld be fzwered.

Metal halide lanyps are used in some exposure chambers to
produce high inlensiie Beh These chambers sre ofien ysed
i golar aimuekators to test the resistance of entire syarems or
devives o solar radistion uned bear, They are popelar in the
phatesrnltaic (PV) indusory for assessing the perlormance
and durability of 1'% nwedules, They are alsoused in clinate
chatnlers toassess The porformanece of vehicles ina simulabed
outdoor environment. However, the 51005 of wuetal halide bulbys
are nol well malched Lo the solar speclrumoamd solur simulalors
should noc he uzed in place of dedicared accelerated weathering
devices toassess the serviee e of coatings,

Althowgh most autdonr exposure testing doos nnt acceler-
ate the degradation process, tliere is one important exception.
Trevices that use a combination ol mirmes b concenirane e
sun’s radintion eato test panels have been commercinlized.
Thewe devives wee olien called Tresnel devices, and are [ pically
nzed o1 Arizona doe o the low incidence of cloud cover. 4 com-
merzial devive is shown in Fiynre 7 These deviecs vse sensors
and motors ro track the sun acrozs the sy o ensure the mirroes
are dlways poinced roward the sun. The reflected light (wilh
the samne SPD as sunlight] is then concentraced antoa narraw

FIGURE 7—Fresnel-lype accelerated outdoor exposure device,

Ck A2 ac,
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Analytical Series

sample board. The higher intensity light provides an sceelera-
tien taclur of 1-5 over tvpical zouch Florids exposure, Howewer,
the hear zenaerated Ty e gh magnification prevents vyl
from beiny absurbed into the coarings duriny sx posure. While
Fans beepr the s elace lempecgture ulvhe epatings to -800C,
the only oppovtunity for water exposiire ocenrs duving
evening or iFuimee is ken te reorient e samples awoy from
the sun and chen expose them o wacer. Por these redsons, the
results obrained from these devices ofren display the correct
phnteehiermist ey, Bot do nol exhibic the proper physicad failures
compared to natural outdoor exposure

Tempuerst ure clearly plass w rode in the degradation of coat-
ingz during both natural and aceelerated weathising Wos
of the degradation reactions are therimal b activated and will
proceed a1 a higher rare achigher temperacures, Color alse
plovs o role, as darker panels reach bigher temperalures during
win Thering Than lighiee panels, The wem peracure of the paing
on awhite vehicle during summer Arizona 3s -25°C lower than
Lhal o a black voehicle, Activation cnergios [ne mast cliemical
reaccimma are nfren quated as 30k mal, whicl would Tead 16 a
dunlaling of the rencrion rate for evoery W0 increase in the tero-
[rwarure. TToreeeer, This overeshimaces the degradadon react ion
rares i minoy ¢ases, 0 has been reported by Pickeoe

POST-EXPOSURE TESTING

Sample exposare is just the fitst step 10 scovlovated seathering
leating AfLer coating samples are ox posed, they muast be cvalu-
ated versus some acceptance criterin, Uypivally, the appearance
ol T sanples is the Gest ching 1o T evaluated, Qualitarive
dezcriptors such as faded, dull, cracked, peuled. amd ot her
Leemns ean b pged W pive an overa]] evaluacion of the samples,
Ilowewer, chis i= often not sufficient to determine whelhee the
panels mect 3 particulur specificuiion. Color is often quantified
with a eolorimeter ar spectrophocometer, Gloss s mussneed
with n glozs merer: the angle of measurement depends on the
initial gloss of the samiple. Changes in gloss o colur aee valuahle
menns of assessing the long-term appearance of coatings, as
these proper s oliem change ina Sows, monotonic fashion
during weathering, and thus, exrrapoelation to lenger sneather
ing vimas con he reasonable soemped.

tther failure modes can be less predictablic. Mechaniza)
ot calasiruphic filures @l inng this caregnrey. Coatings cun
possess acceptable appearance afrer long scccleraied weath-
et Lrmes, but ehen fail due Lo cracking alter a relativelr
small ineremencof additional exposure. This could nol T
anticiparcd by simply Yoeoking at 1he ssinples afrer a given
cxposure. To undaratand chese failure modes and Lo peovide
carly insiglt into degradation, docper posi-cx posure sam-

e intzrragation 1= requived. Caution should particulady e
applied when gloss isused as o meteic lerthe degradation of
cleareoats, Clearenuts s re desizned to maintain high ploss for
a long tine, even while underzoing degrada on, Tailures in
clearceata are nfen sudden aad provide no hiar of imminent
failure via wloss measurements.

FigniNean! researeh has beow condocted on the use of
different experiniental methods to medsaee the amount of
degradution Than bas ocegnecd in coating zamples afrer seel-
erated weathering, Infraved spectroscopy haslongheen a
crireertient rct e ol messuving chemical changes that eecur
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in coatings alter exposure. Carbone] grow h as well as growth
of the - (H,- M H vegion in the spectrium can be wsetul merics
T wgsens coabing degradalion ' -ray phodoclectron speciros-
copy L KPS thne of Hight secondary Ion moss speetrome ry
CTuR-8T3 8, and UV spechroscopy bave also beon siceessfully
applied.” Some of these technigues can be adapeed to quan-
bty not only the uramen of depradarion, but also the leeus of
degradalion within a painc syatem, which canbe nseful for
predicting failure modes thar tale place beneath the surlac,
such as lows of adbesion =

CORRELATION TO OUTDOOR EXPOSURE

There s an obeious questicon thal wae b vl o sddeess in chis
article. TTow does exposure inan accelerated wearthering devies
correlate to exposure i service o Juring nutara) saiic weach-
cring axposure? This s the teickicst and muosr controversial part
of accelerated weathering testing. Certainly to be valuuble, any
acreleraled vt lering protoeed regst repeadoer che failures
(or good performance? that ave observed by those samwe coaling
swsloms when oxposcd pnder ratutal weathering conditions.
dmall, explainatle variance is aceepted {unld often grows on
spevimens during narural exposore, but never during aeceler-
ated cxposueed, ur general Tailure modes must be reproduced.
The question then beeeines, how many lours of acoelered
wontherimg Iesling is cquivalent e cae e 5 o 107 years in
Florida (or Arizonn, or Shanghail?

1w readuce chis quesdinn 1o i siimplest faem e many
hours of accelerated tezting are equivalent to me year of -
sure in Florida—ihe arsweer s stilk nol shraighiforward. Studies
have zherarn that simply exposing to che same equivalent dose
is not appropriane " As discussed, outduor radiatinn is tepically
meaaLred in awide hand and noc at 340 nm, where most wealh-
ering Jevices contrel the Trradinmee, bu we ke 1Tt approse-
imately 2.2 MW I ol radiation at 340nm is delivered to a spee-
imen facing south at 3 in souch Florida, fwetnke SAF 12527
as anerample, itrakes -100 days oo deliver the equivalent dose
{310 nop (SAE J2527 muns in athree-loar evele, wiih Twn
Pt rs ol Tight . posure followed Dy ane hour of darle) However,
sxposure for that period of tinw would lead to subsianiially
rnre damage than veeurs inone year in souch Tlorida,

‘Uhe more rational way to think abour accelsrated weathering
viengs wnd thede eorrelation ts malural weathering is chrough the
use af m equivalent damage moedel. Lo this case, we ask our-
sehves how mich aceelerated ween horing ceposiure is reguired
o induce the same desradation az is ohserved outdoors® 'Uhe
dlamuape: retric e bre gloss loss color change, or prolferably,
semme chemical merrie of degradation such as achange in the
L or LV specerum, Theough s comparison of changes in the
TR spectruin acToss o range of automative coatings, 1250 hours
of 5AE J2527 {hore/ boro) has been shown to be cguivalent to
o yed 1 in aauth Florida® A similar soody has been done for
ASTR 7469 in which 750 hours of sceclerued woathoring
prodoced equivalent degradacion o ane vear in souch Florida
Erwn o, it nmist be rernembered thar not onlye Uhe serewnc ol
damage, bor alse the sarme damage, musthe observed in both
the ontdoor and aceelevared exposures, For cxumple, s coating
eapoded T QUUV chamber wsing TTVT Tulhs will show o loss
of uloss over time, The sanw coating sxposcd sutduges will alao
showe adecwease in glosa, Qe could axpose the enatings uoril «



sinilar level of gluss Tess 15 achicveed and deline the aceelerated

tesrs acceleration Factor hased on that equivalency, Hoveever,

for many coatings, (HU-B exposure iluced choemical chanpes

Thal arediMeeent than choese expericheed by the same conting
expesed ourdones, Fhus, other properties may chamee al o

diMerent mate, god dilerent Tilores nasy ooeur in che own tests.

Therefore, hoth the anount of change and the type of chanye
age important sud most be understood,

For fnrmulacnes, the besc appeoach is to generace a stamifieant

librarv of coatings whose performance outdoors 1s ke and
whone changes in propectivs (eloss, changes in TR absorption

.

Tands ...t has been measured in the same way fin each coating.

Thar thata can be nsed to calibrate the tate of deyradanion of
the: coaling antdaers and can then e cotm pared to the rate of
change in an aceelerared weathering device munning an vl 13-

ety clesfinged woaihering tes mgt g, The acceleration factor

between the pucdoors and the accelerated protocol can thea b
calouldted for thae tamily of coaltings, umd used wanticipate che
degradation raoe of newly developed formulations.
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