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ignificanl eflors have been made over the last decade 1o improwe ac-
celerated weathering of automotive coatings by improving the fghi sources,
filters, and comelation of the light exposure to culdoor conditions.! The de-
velopment of (illers has been a comtinucas process with irmprovements he-
ing made in terms of duplicating the light specita of actal sunlight.
However, unly in the last four-to-five vears has the coalings industy started
to realize the imporiance of waler in the weatherng process. In order Lo wm-
derstand the role of water in the weathering process, techmigques aeed to be
developed that progretly measure waier levels under [ield conditions and re-
late those levels o speciiic coating lilm properics and deliecls.

An antomotive clearcoat is a semi-permeable membrane and Lhere are
many factirs that determine the degree of permeability. These factors inchide
such things as the glass transition temmperature of the tilm (1), the degree of
aosslinking {arosslink density), and the relative hydrophobic or hvdrophilic
nature of the coaring hased on ity chermisty type. A siwdy was performed on
varlous auomotive clearcoal sysiemns using a Tisher pennealaility cupp (Figure
1), The data is shown in Table 1. The cups are Olled with equal weights of
water ard he [hins tested are all identical in film dhickness. The cops are
placed in a desiccator to initiale the water permeation through the fito The
desiccator can alye be heated to accelerate Wie process. The clearcoat samples
include two-caormponent polyvurethane (A), one-component urethanes
{BE-I*), and an acwlic melamine clearcoat (K. The permeability data shown
in Tate 1indicates thal Clearcoat I is the least permealsle priot to tempera-
Lure exposire white Clearcoal I has the highest level off permeatility.
Clearcoat A is atfected less than Clearcoat D when the apparatus is heated Lo
143°F All of the permealility rates increase signiticantly with the exposure
of the cups to elevated temperatuge.

Ay water penneates through a tilm there are enential hydrolysis reaciions
faided or stacted by impurities in the water, Le. acid rain). The movemnent/
migration of components in the coaling which ocours with waler exposure,
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dees et occur ina dry climate. Lxposure data col-
lected by tie coatings Industty as indicated that dry
exposre (e, Arizona) does nol cause different fail-
tres, ul rather the probabilite of ailures is decreased
signilicanty. Theralore, the foms should be directed
toward climates and exposure comdiions that maxi-
mibee and present the worst case scenarior foo waler and
humidite exposare for resting of automotive exterior
coatings, Jacksonville and South Flarda are kown en-
viromments with high levels of condensition and waler
exposire aned are good ATeas to monitor water exposure
levels tor coatings.

In an etfort 1o beler undersiand the effecrs of
weathering on automotive coatings, a wealher stalion
wias sel ufr o The Baver MatetialScience test site in
Tacksonville, 'L [Ligure 2} Lt was colleced every five
minutes, 24 hours a day, for a Ld-week pennod each
stmmer bevween May and Aggust, 2004-2007. This re-
search-grade device measured the raintal), relative hu-
midity, dew point, solar radiation, ambient lempera-
ture, wind direciion, and wind specd. Tabe 2 shows a
portion of this data. The west panel sunface temperature
wits momnitored on a 107 % 107 cold rolled sieel jmned
coaled wilh 4 standand atemotive black basecoat and
a two-component polyurethiane dearcoat, Two-cornpo-
nert polynrethane clearcoats typically show excellent
etch resistance and durability, thus it was the cleancoat
chosen for the study. Bayer built and desigued a pH
meter e measure the pH ot the rain. A phone modem
connected o the data logeer was ysed 10 monitor the
operarion in real time.

A metherd was needed to measure ol only ow
long the coated panels were wet, but the ameunt of
water 1o which the coating syslem was expuome]. Tey ae-
ceamplish this, o scale was built with a coated panel
suppored o thtee stain giuges, The detection limit of
the water measurement was 0.44 graims and Lthe scale
was caprable of measuring events ranging from the tor-
mation of light dew Lo ey raingall. Figures 3-5 shenw
1he apparatus and examples of condensation {dew)
and heavy rainfall oo the panel,

The load cell was designed and buily o measure
the timne of wetness and to ascertain the amaunt ol
water regiding on the est panel durning the season, The
load cell was calibrated with standired weighty aned an
erpuation was derived to convert the voltage ouyputl
o the cell o grams of water. The scale was cali-
brated at regular intervals during the season amd the:
Lest pane] was cleaned hefore each calibravion. 11 was
found that the data lrom our setap could be mathe-
mualically reproduced,

Figtire 6 covers a five-day period wlen there was dew
formation. The random noise in the signal that is
prevalent belows 10 g scale weight is from the wind hit-
ting the panel When dew starls to form the wind dies
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Figure 1—Fisher permeabilily cup.

o~

Migure f—Bavar wedlher station.

Fiyu-e 3—Loac cell apparatus.

Migure 4—Panel with dew

formasian. Figurz & -Panet affer heavy rain.
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Tahle 1— Permrability Data on Autometive Clearcpats

ght loss in grams)

Cleavcodt  Day1 Day 2

AL - 0,0039 0.173a
R 01185 0,2405
C amaiiome - - 0,140 nAvas
1 0.n9ge G163
E ... ... D.1400 0.30R/%

TabLE‘ £2—FPortion of 2004 Summer Water Data

Day 3 Plus 16 hr, 146°F
0,208 0.6491
1,354 1.5385
N.4154 1.1
0.7 444 0.0gD
D.dd24 1.3803

A, Wet Max, et A, Wet Wet Time in B, Dalight ek [aytight Wet Rain Tatal Ay, Fain Min. Rain
Date Pl Temp Mate Temp ~ Losd/Day Min/Day Laad,/ Dy Times in Kin mimffay pH/day pH/ /Dy
Biooo. 2030 GO.Ed &4,53 BAG.00 E 7000 £.05 5.9% 5,14
T2 2A.71 G784 3541 010,90 In.38 anc.an 9,00 .00 0,00
[ 28,09 30,31 grrz badl.ak 3622 3750 3811 5.0 4.61
Tia oL, 26,35 R7.05 4085 11a5.00 S0.98 2000 1321 503 4.78
LR e G000 2b6.78 47,945 20,30 00,00 I9.LR 23504 [EREI] .00 .00
/0 2817 13,31 1,45 585,00 0,95 F0.00 (.00 0G0 0.0
T a3 2781 17.09 HAG.00 11.%2 23%.00 5.33 5.8 525
&L 2a4, 20 51272 3ir.ay 115010 gaz H05.00 330 q.57 5.7
T e 20.71 G011 2521 BE5.00 2804 20500 Q.00 oo 0.0
TAd .. 25,68 31,93 0.1g Li6.00 .34 Bl .00 .00 .00
Tile oL 24,33 AU.ET 2678 104500 40,28 44, 10 £5.15 4.99 4.33
E N i 2559 £58.07 856 315,04 2068 30000 T.87 4,71 4.15

Table 3—water and Methyiene Ledide Contact Angles with Yarious
Waatharing {ycles {Measured In Degrees)

Xanpn e SAE
ha ks inl. H0 Hagg
Panel # 0 eh L, H 0 €HL, HA tH,L,
11 ] & T2 &0 BE 42
31 o3 34 75 3 g1 46
45 o4 3% 13 40 52 an
a7 0 EE) b 41 74 43
73 Y 34 % 42 &0 A
T4 a2 T T 40 17 L
fon ug 365 753 4.3 8a 44 R

dowwn and remiting calm during dew formation, Dew
formalion has a characteristic inftial ramp (between 4
and B, Duwring this periad, no rain bucket sensor evenl
oeentred that would have indicaled a heavy mist or very
light rain. Ome explanation mav be water absorbing
[3-5 g] inte the surface of the panel coaling. When
dew starts to condense on the panel {between B and C)
the wind has stopped. When the sun tises the dew
evaporates tapidly (between Cand ). When all the
dew huas evaporated the absorbed water evapeorates a3
slovwer rate (hetween [ and T). AL point E the sun s at
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full exposure and the remaining almorbed waier vapidly
e afroTales,

Aa impaortant variable in the algorithm for predict-
ingr standing water 18 the maximuin amount of water
tral can reside on the panel, and how that changes
with tirne As the pane! weatliers, the surfice energy of
the coating decreases, the water does not bead ap and
will Dow off the panel easier. (ver a 41 dJday period be-
by June 30 and Augour % in 2006, the maximum
amount of water that could reside an the panel de
creased at a steady rawe A value of 20 g was used in the
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model as the MaxwWaier constant. In developing the
mudel, to determine the time wel rom des and from
1abn, any watel an the panel after a rain event wax com-
sidered rwin umtil the panel was fully dne

-

Pigitre 7 prowides a detailed loole at the water expo-
sure in the summer of 2008, There were monm dew
evells than rain evenes in the sunumer of 2000, Also,
the derived model was a pood match o he aceual
values for overall waler exposure.

The weathwr station data shows hat on most days
the coated test panel was wet more thin half (e time
and that most of Ul Hine was at nightl. The maxtmoem
ternpetatnie when the panel was wet was reached when
the panel was heating up in the morning, The largest
weakel weight shown in the data is approximately 40 g
Figoy # shows what that woudd ool like on a non-
oxldized coating suface. Laboratory Lests on some oFi-
dized coating surfaces show that It is possible Tor less
tham 44} 2 ol water to wially cover the surface, Notice
howe the 2006 water model shows g Jdecreasing mazi-
mun in water weight/volume {Figure 7). This could
very well be due 1o coating oxidarion and sunface ten
ston changes that oocuy daring exposure, Lhe amount
uf water regquired fo totally cover 2 coating surlace will
depend on the coating chemisiry, surfactanis used in
the fomoulation, and the extent of surface oxidition,
This can be visually neniced in ihe fleld s many panels
exposed in Florida do change twir wetting characteris-
tics to as little a4 theee to six mans after cxposure,
What is important is that some of this water is permet-
ing into the coaring layers. This is not onby denendent
o e elearcoal, bt also the tvpe of asecoat used. Tor
examiple, a waterborne basecoar will absarl mote waiter
than a salventhwnme basecoat,

Higure 4 is Lhe water mode] for the 2005 season.
While there were e rain events i e 20405 seasor,
there are almost twice ws many waier evends related to
condensation versus rainlall. The ralofall warer volumes
are typleally higher meaning diat there is probakbly to-
tal surface coverage and sigoificanl warer uptake during
those events,

Whal effecs does water aciually have on the coatiog
surface? We knune that one effect is aoid etch {Figume
107, Danna from the weather station has led to a more
detailed understanding of the erch phenomena.? 1t is
well kneavn in the coatings indusuy that acid ewh is
caused by hydrolvsis reactions that ocour rvpically in
the top 0.2 mils of the dearcoat (ilm. The rentions are
caused by water containing protons (acids) and wsmally
ther lons Irom salts. When high levels of water conliae
the snrface {such as during » heavy raindall}, the water
approaches a newtral pH and the teaclions are less se-
veres However, where there are large amounis of water
these reactions can tale place to a lesser extenl Tt
vogled possibly ocour deeper inter the coating film. his
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Figure 8 2006 dew fammation,
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Foure 10—ELch defect,

Figurs 1t -Cracking deflect,

I
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could lead to gloss loss and delmminalon. Another ef
fect of wiler exposure iz humidity related effects such
as whitening. When water penetrates inlo the coating
surface, water-soluble materials can be dissolved inte

an agueous phase and these microscopic pockels ol sol-
uble materials cause the whitening effect.

Blistering is caused by large pockels of water forma-
tjon in the conling when water s in contact with b
tlrophilic components in the coating, These Lliswers can
cause large areas that will actually cause localized stress
in the coating and can lead o cracking (Figues 11}

Waler exposille causes a loss of materals in the coat-
ing, resulting in surface enetgy changes. When watex
penetrates the coating Nlm, e water-soluble materials
and other components not reacied into the crogslinked
network of the film migrate thronghout the filim, These
materials inchade acids, surficlanis, UY absorbers, Tight
stabilizers. el One way to observe this effect is by
measuring the contact angle or surlace energy, The data
in Tadre 3 shows waler and melylene iodide contact
angle measurements wich six different panels (ditferent
basecoat and cleavcoat compositions). The amount of
LW exposure in the Xenon AlC exposure using an in-
£12a50d water amount versus the UV exposure inthe
SAR]T260 methaod iy the same (same wtal kKT and light
filler). Since the contact angles wall alse change with
different light filters and irmadiance, any experiment
should be well conuolled w ensurve that the differences
observed are due to only a different waner exposure
leved.
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This avticle illustrles the methodology in which o
delerrming the ellects of water and how w comelate
them 1o actual field results, This information will be
vaiuable in determining how L propecy bnplement
the: wrmound of waler needed 10 an accelerated weasiher-
ing test. An earlier publication addressed ihe measure-
ment of water uptake in aceeleraled weathering tests.”
Using all ihese (ools, it should now be possible to con-
irol the wetling aspect of weathening o the sine extent
as the light portiom af the test,

In comnclusion, it T been showin hat water docs
permente through coating films in ditferent ameouns
and rates depending on the exposure conditiong and
the coating chemistre. A mathemalical waler model
can he generited [or a specific time period and lociion
with use of the proper outdoor monitoring devices.
when cxposings cowbings (0oa conlrolled water exposure,
a number of film changes and defects can be created.
These changes and defects can be seen wisually bud also
can be measuved avalviically depending on the test
e,

A high level of activity is in progress in the roalings
industry to improve correlation of accelerated Lests to
outdoor exposnre. Wilh a clearer understanding of wi-
ter and il role inthe weathering process, devedopunents
ol improved accelerated weathering methods are possible,
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