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Real World
Performance

of Painted
Plastic
Components

he automotive industry is the largest manufactur-
ing industry in the world. Over 70 separate companies
employ more than four million people. At current
build rates of 17 million units annually, there are esti-
mated to be over 350 million operable vehicles on the
earth today. While steel still accounts for approximately
90% of the weight of a vehicle, plastic usage continues
to increase due to styling latitude, cost and weight sav-
ings, and low temperature impact performance. Of the
nearly two billion pounds of plastics utilized in auto-
motive applications, approximately 30% of plastic
components are painted. For the painted applications,
performance attributes are governed by the environ-

ment to which the component is exposed, e.g., interior
versus exterior.

Key attributes that must be attained in painted plas-
tic applications, irrespective of the environment, in-
clude adhesion and abrasion resistance. Additional per-
formance requirements attributed to exterior
environments include chip and “gouge” resistance.
Gouge resistance is defined as the cohesive behavior of
a painted plastic when exposed to compressive shear
events, e.g., a shopping cart hitting a painted bumper in
a parkinglot, a low speed impact between two vehicles’
bumpers, and the like. All of these performance behav-
iors are linked to some property or properties of the
plastic, the paint, or the paint/plastic interface, but little
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has been done to understand the influence of process-
ing parameters on the performance of the painted plas-
tic composite.

A plastic material known as thermoplastic poly
(olefin) (TPO) is gaining acceptance in automotive ap-
plications due to its light weight, low cost, and recycla-
bility. TPO is a blend of elastomer and poly(olefin),
most often poly(propylene) homopolymer or a poly
(propylene)/poly(ethylene) impact copolymer. The
TPO's performance has been found to be influenced by
the fabrication methods (such as injection molding)
commonly utilized in forming automotive parts. Since
the injection molding process retains a high cost of
capital due to the equipment and tooling utilized, en-
gineers would like to produce as many parts per hour
as possible on this equipment to attain payback in
shorter periods of time. The high shear rates utilized to
accomplish high filling velocities of the molten pellets
into the tool impart the shear dependent morphology
within the injection molded fabricated TPO parts.'-3
The shear induced morphology resultant from the in-
jection molding process imparts “boundary layering,”
the thickness and intercompatibility of which deter-
mines the ultimate cohesive tensile strength of the
plastic alloy.* The cohesive integrity of the TPO compo-
nent is affected by the degree of dispersion of the elas-
tomer within the poly(olefin) matrix and the degree of
crystallinity of the compound within the injection
molded substrate. Processing parameters that influence
the performance properties of the plastic include melt
viscosity ratio of the poly(olefin) to the elastomer, melt
and mold temperature, and rate and temperature of
cooling.

Thermoplastic poly(olefin) still remains somewhat
of a nuisance for painters due to its inherently low sur-
face free energy which often results in poor wettability
and low adhesive strength. Adhesion to an untreated
(e.g., no flame- or plasma-pretreatment) weak bound-
ary layered TPO plastic is dependent upon the ability
of an adhesion-promoting primer formulation (of
which a chlorinated poly(olefin) resin is most often
the primary component) to wet the surface, diffuse
into the top subsurface morphology, and swell and en-
tangle with the amorphous regions (e.g., elastomer or
amorphous poly(propylene) of the plastic substrate).>®

The type of chlorinated poly(olefin) (CPO) utilized
in enhancing adhesion to the TPO substrate is influ-
enced not only by the crystallinity of the CPO, which is
influenced in part by the degree of chlorination, but
also by the degree of maleation on the CPO
backbone.”® Higher maleation levels provided greater
topcoat interlayer adhesion with the CPO containing
adhesion promoter, while CPO formulations with
higher chlorine levels resulted in poorer gasoline resist-
ance of the topcoated composite (higher chlorine lev-
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Figure 1—SLIDO compressive shear delamination apparatus.
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els resulted in greater solvency of the adhesion pro-
moter in gasoline, thus resolvation). Solvent levels in
the adhesion-promoting primer formulation were also
found to influence topcoat adhesion.

The effect of topcoat type on the adhesive/cohesive
integrity of painted TPO composite was evaluated
through the use of a device capable of applying a com-
pressive-shear load to the part.! A schematic of the de-
vice, herein termed SLIDO, is shown in Figure 1. In the
SLIDO CSD testing protocol, the sample (e.g., a
painted TPO plaque) is placed on a translating stage
(referred to as the “test sample” in the figure). A load is
applied to the top surface of the test sample through a
10.2 cm (4 in.) aluminum “bob.” The panel, heated if
desired by infrared heaters located directly above the
panel area, is then translated under the bob at a fixed
acceleration and velocity, producing an instrumented
load/displacement profile.

When damage is incurred within a painted TPO
part, e.g., the fascia, the customer cannot discern
whether the damage is adhesive or cohesive (Figure 2).

Figure 2—Compressive shear damage inflicted within painted TPO.
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Table 1—~Regression Analysis Parameter Eslimates of
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As depicted in Figar 2, the damage incurred within the
prainled TP subsirate s maost ofien cohesive {as ovi-
denced by the dark grav 1 PO “ripping” cohesively un-
der the white basecoat/clearcoat painted substrate]. The
corrective netion lken by the milomaolive supplier to
alleviate such damage shoutd be one in which the
painted substrate is made more robost “cohesively”
Farly sidlies indicated, however, that by simply chang
ing the topooat, the early damage resistance of the
painted TPOY could be made meere resistant to abrasion.
Fatned 110 damage, howevel was not alleviated cotmn-
pletely Tt was still noted that feld relurns were colie-
sive, and thal “Ixes” impared w the clearcoat, namely
decreasing the coefticdent of friciion by increasing slip-
aid concentration, provided only o Lemporary lnprose-
ment due 1o e loss of slip-aid cver time in the field.

Upon exposure to compressive shear events, failure
within the painted substrate is most ollen the result of
coliesive ripping within e T weak boundary Layers.
Failure results from remaoval of wopeoat and Mlrillalion
oof the elastomer or amocphous poely {propylene) from
Lthe top plastic surtace,

The ability of a coated plastic to withsiand sionef
gravel impact has been studied exlensively by
Ramamurthy' and Byurz.'* Test methods atilized o
simulate coating damaye inourred as a resuli of slone
impacl or gravel abrasion were developed and incluade

Figure $—aFM of represenlative basecoat/clearcoat suface.

. wan 9
BAGY ha Yham

e e Sxivky
A oy

wBE

32 July 2005

jectile, ez, a rock or steel shot,
The damage observed is ofien in
the form of paint Toss (rom the
sulmsiraie, windd v charactedzed in
termns of chip density. An in-depth analysis of such imn-
pract damage on patnted thermoplastic olefing often
displays cahesive “ripping” within the substate, which
can e numerically simulated through delamination
undder compressive siress el TP weak boundary layers,
Scratch durability of clear coatings in antomotive
applications has been ranked ay ome of the meos im-
portart performance parameters of 2 painl svseem. Yet,
no characlerizaton methodology for scratch resistance
has been totally accepted by the sdentific and indus-
trial commumities. Scrleh and mar resistance have
bevn he subject of numerous research efforts in the
past tew vears, both by research instifutions and manu-
factuming industries. This research performed has estab-
lished a series of correlations between certain scratch
parameters and field performance sumveys resulls.

Several researchers relaled the varlation ol
mierlulugt® loughness,)”” and hardness' of the coating
1o a scratch resistance rating. Comventional jesd meth-
ols wtilieed o quantily e scratch resistance were
measurements such as: reduction in gloss of a coating
atter being subjerted fooa raversing langential load of
known prarticle sive abrasive {orockmeter test]; meas-
urement of damage depth and recovery after exposure
to a single point indenter {nanoindentert™™); or quan-
tialive measurement of elastic response, viscoelastic
creep, and fracture response of a coating after exposure
to a single poind indencer seanning peols mico-
segpe ]

Courter’? evaluated several acnligimelamine fonmu-
lations for mstomotive sheel metal and proposed that a
mitr-resistant coating should possess a low-modulus,
which translated into a Tow vield stress amd high
toughmess. She atribuied the higher mar resistance of
such coatings to their ability 1o resist cracking when
scratched,

However, conuradiciing results were observed in
ehver studies relating the soatch/abrasion perfonmance
10 coating rmaterial alirilules analveed.

Through the work described above, much has been
elucidated reparding damage and test methodologies
utilized to depict damage. Lictle, 17 anything, however,
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hay Ieen done o understand the role of paing process-
ing conditions on Gilune. Processing robusuiess, @5 one
can tenm the process window effect, may be a major
contributor to the [arge varianee seen in field perform-
ance ol the wvehicle produced, Selvend ash me, elfec
af bake time and lemperaore, film build effects, and
the: like, may be kev variables that affect end-use pro-
liles"I'hix arlicle attempas to begin Lo show he effect of
process rebustness in painted plastic componenis with
the: hope that mare can be done on the manufacturing
side Loy ullert potential performance atlribules of com-
ponents produced.

EXPERIMENTAL

Substrates were obtained from Custom Frecision
Molding, Romulus, MI as 0.2 om = 30.6 an = 3.3 cn
{width x length « thiclmess, respeclively) top-gated in-
jecuon molded pre-colored (darl gray) plaques. All
contings were provided by Recd Spov Paint and Vamish,
Lne. [two-component isocyanate ceosslinked acrylic
polvols}, PPC Industries, Inc, {one-component
melamine crosslinked acrylic polyols), or Rohm and
llaas (ane component melamine crosslinked acrylic
palvols). Coalings were spray applied with conven-
tional air atomized guns onlo a substrate and baked for
30 min ambiend at 121°Cin a gas lired oven {or as de-
tincated). [ilm thickness measurements were made by
cross-sectioning the part and analyeing the cross-sec
tion with an optical mivroscope, All film thicknesses
were in the following ranges: adhesion promoter, 7.5
wm; while haseroat, 4% pm {or in the case ol aliermna-
ave color basecnals, redd and blacl, the film beilds ace
listed); clearcoat, 50 um (or as delineated). Afl multple
laver (g, adhesion promoter/basecoat/clearcoal) coal-
ings were applied wel-on wet with a 3-min ambient
Lerm perature fash atter adhesion promeater, 2 5-min
ambient lemperature Mash after baseccat, and a 5-min
amhbient temperature (lash aller clearcoat and before
oven, unless otherwise specified. Coalings were alloweil
1o post-cure alter linal Talee for 72 hr prior wo lesiing,

STIDGO testing was perlormed using the appararus
described in reference 11, and shown in Figure 1. As
shown in the figure, a psinted panel is placed under
the “hob” (an aluminum counlerface with a 10.2 cm
diameter) thal is covered with a palvimide Glm, and
the bob is translated across the surface of the panel at a
preset loading rate with a known velocity and accelera-
tio1. The temperature of the plague can be mainLined
abonve ambient temperatare through the use of infrared
healees located in the apparatas, Flots ace obiained of
luad versus displacement, through which the coellicient
of [rictiom of the coating can be caleulaled. Values ob-
tained from the test plot also include the compression
torce (kg) to failure, defined ax (he force exerted per-
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pendicolar 1o the coating, and the waction force (kg at
failure, defined as the Joree exerted parallel s he coat-
ing. Actual conditions uiilized in the STIDO testing
wiery as [ollewes; 15,3 an run lengih {defined as the dis
tanee thversed Ly the bob on the panel]; acceleration
ol 50.8 cmysec’, velocily of 5.1 emyfsec, and a tempera-
e of 63,3 C,

Chip resistance evaluations were perlormesd accord-
ing to SAF T400 protocol ar the specitied emperalures.
Closs retention of o marred surface was measured
with @ 27 gloss meler anid reprorted as a percentage of

the initial unmarted surface gloss. Marring way prer-

Figure  4—Cross-sectional  modulus  measurermenl ol white
hasecoal folearcoal.,
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Figure  5—Cross-seclional  modulus  measurement ol red
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Figure 6—Chip vesistance of painted TRO substrates as a function af
TPG modulus change fvalues listed are in kpsi) [all paints are identi-
tal one-component basecoat/clearmosl topooats ower chlovinated
poly{olefing adhesion promoter].

fonmed on an AALUC crockmeter equipped with a
cloth pad {DP-cloth, P manufacned by Siraers,
Copenhagen, Denmark and distributed by VwR
Scientific) Atted with 0,01 g of 6% um (220 grit] alu-
mina oxide. A constant load ol 240 ¢ was applied, the
sliding velodty was maintained at approdmately 21
mimyfsec, and a tolal of 2 double mubs were pexformed
on each sample,

Atommic force microscopy [AFM) measuremenls were
performed vsing a Dimension 3106 Scanning Probe
Mivroscope {(Dntal Instments) under ambient con-
ditions {24°C ane 45% relative humidity), Both wpe-
graphic and prhase images were taken using a tapping
force of between 50% and 0% ol the free amplitude,
Silicon tips having a ddve requency of approximately
300 kKHz and o radius of approximately 3 nm were em-
plerved.

Manoindentation erperiments were performed on
an MTS Manoindenter with a 60° cone Lip with a 1 wm
radius. The maximum indentation depth was 5 pm,
Indentations were angled every 7 Im Across a Cross
section of the sample embedded in an epoxy. The con-
stanl slifmess method was mm at 4317 and 3 nm am-
plitude.

RESULTS AND DISCUSSION

SLIDG Resilts

The effect of paint processing conditions on 5L
perfurmance of one-component imelamine crosslinked
acrylic. polvod basecoal{clearcont syslem is shown in
Table 1. Numbers listed are the multivariable regression
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coetticients of the independent variables [ Tash time,
bake time, and cearcoal thickness) in which the goupge
compression fore was the dependent response vin-
able. ~or only was the color of ihe basecoat varied in
the testing, but so oo were the bake time, Nash time
hretween basernat and clearcoat, and dleatcoatl fhin
thickness. All variables in testing were varied from a
low to a high value, as listed, ‘Lhe Aash tirne was varied
letweernn 3 min wnd 163 mia (flash Gme is taken as the
time elapsed at arohient concditions between when the
clearcoal is applied over a wel, noncured basecoat], the
haloe time was varied between 30 min and 4% min at
121 *C, and the clearcoal (hickness was varied belween
30 amd 45 pum.

Ay oween in dable 1, the color of the basecoar has a
protound effect on the Nnal compression force renched
in the SLILXCY testing prior Lo failure, As will be dis-
cussed laler, cute rates may be allected through migra-
tom of addilives to the basecoat/clearcoat interface, ve-
sulting in changes in frictional characteristics at the
clearcoal surface. Couge resistance iy affecled by fric-
tunal forces, where at lower fricdon levels the perform-
anwe increases. While it appears that the white basecoat
has tlre most demimenital effect on surface charactezis-
tics, a5 evidenwed by a negative b, value, one cannot ig-
nore the inflizence of the other deperrdent variable co-
efficients. Although the by, value contribules 1o a lower
compression (ore priot w any other independent value
being accounted [or, the coeflicients derived for tlash
fime, bake Uine, and OO hiclaiess can contritnte to a
larger owerall compression ferce walue. As seen in the
dara. each independent variable for the white
lnasecoat/ clearonat systemm is positive, contribuing to
batter performance from these paramelers, Flowever,
the black and red basecoat/clearcoar svsteins vary, hav.
ing a definite effect on performance, with red heing the
mest detnimental [as seen in the negalive coetticienis],

‘Lo determine how the basecnar color affected surface
artributes, AFM and nanoindentalion were performed
on the samples. All samples, imespective of basecont
colon shwowed evidency: of nonhomogeneoos surface
profiles when viewed with rhe atomic force mictoscaope
in the uprping mode (Tiguee 3). The results indicate thar
areas of harder {as indicated by the dark areas in the
Phase image] moerphology seem to lie under peaks of
softer {as indlicated by the light areas in the phase im-
age} morphology at the surface (lighter areas in the
height image are higher].

Canss-sections of the white and red basecoaty
clearcoat samples were (hen analveed via nanoindenta-
o to determine iF the surfaces/interfaces varded
[Figures 4 andl 5, respeciively), Indeed, as shown in
Figares 4 and 3, not ondy does the modulus of the
Adearcoat sorface vary, so oo do the interfaces betwesn
the basecoat/clearceat and the basecoarfadhesion pro-
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moler as a function of basecoal color This analysis, al-
though not conclusive for fricttonal vanations, does
supEest @ varbmce at the airfclearcoal surface, polen-
tally due to basecoat additive migration aned resuliant
change in clearcoal cure, The while basecoal (as de-
picted belween test #42 to 52, wlich is representative
ol the mumber of indentations through the thickness of
the sarnple) appears (o have a nonmonotonic moduhas
of approxirmarely 0.2 1o 0.8 CGPa while the dlearcoal
{hetween test #1410 42) affords an average modizhus of
0.4 i 1,2 GPa, with the surlace (as represented by tost
#14) the hardest.

The red hasecoalfclearcoal cross-seclon [Figure 3],
ah the other hand, exhibits a relatively monolonic
modulus of roughly half that of the while lavecoaty
clearcoal system. The hasecoat [as depicted belween
tewt ¥4 1o 54) has a modulus of approximately 0.2 1o
0.4 CiPa while the dlearcoat (hetween test # 10 1o 44} af-
fords an average meduolus of 0.2 w 0.6 GPa. with the
sutface {as reprresented by test #10} the hardest, Lhe
suriace hardness of the clearcoal, however, is roughly
half that of the white basecoar/clearcoat’s clearcoat
hardness. Does the softer surface cause larger frictonal
variances at the sarface, which accounts for the poorer
gouge resistance? More work delinitely needs Lo be
done in this area 1o assess the intluence of basecoal on
clearvesat cure.

Chip Resistance Rasults

Tir assess e impact of subsrrate modolous on chip
resistance of identcally painted panels, [while
hasecoat) clearcoat, onevomponent melamine
crossTinked acrylic polyod paint) chip rexistance prowo-
col was perfonued according o SAE T400 un at
AR.3*C, e 6 depios the damage incurred. As the
mndulus of the substrate increased, mainly through in-
creasing the crystallinity of the poly(propylene) ho-
mopolymer pomion of the impact coprilymer blend,
the chip resistance of the painted composite decreased.
This resull was not unexpected. Cme wold expect that
as the crystallinity of the subsmate Inereases, the adhe-
sion o the topeeal weonld decrease due o Tover pene-
tration capability of the adhesion promoter, lessening
the Interfacial siengrh belween the 1Y and the coat-
ing. One would also expect that as the covsialliniiy of
the substrale increases. the siress-field ar the inerphase
of the TPOpalnt houndary would change: hence the
worsening of the chip resistance,

The effect of paint processing paramelers 51 resull-
ant vhip perfornsance of painled TRO subsuale was
also studied. The paim utilized wis the same olre-com-
[ronent melamine crosslinked acrelic polyal described
abowe. The bake lemperatuce Uoe was kepl congtant at
) min ambrient, SAL J400 was employed with white
basecoat/clearcoal samples prepared wel-om-wet with a
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Fiqure P—Clearcoat (CC] film thickness effect an chip densily,
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Figure 10 --Effact of clearcoat chemistry an alwasion resistance after
wegthering.
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% min Mash time between basecouat and clearcoat. A
conventonal modulus {1560 kpsi lexural modulus) re-
aclor grade TPO substrate was ubilized o all the lillosw-
ing studies. Chip density was the response measured.
ndependent viriables studied included clearcoat film
build, bale time, and (esting temperature,

As ran be seen in Figure 7, the higher clearcoat film
build affords beiter chip performance {eg., lower chip
density]. This may be due to the ability of the ticker
clearcoal Lo dissipate the smess impacl more within it-
self as opposed 1o translating 1he energy Lo the coat-
ing/sulbwtrate interlfoe

The effect of basecoat/clearcoal bake temperature
wag also assessed. As shown in Figure 8, Lthe higher bake
temperature atfords hetter chip resistance, Although
hardness and rouglhiness of the resultani
basecoat/dearcoal matrix were not checked, the results
may be (ue 1o the ability of a higher hake to induce a
mare fully crosslinked matrix. The higher crosslink
density may account for a tougher coating that can ihs-
sipate Lhe impact stress within itsell, ay described
above, not allowing the steess fo translate 1o the coat-
ingfsubsmate imerlace

Figure 11—FEfTect of topeoat application methed an abrasion resist-
ance after weathering.
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Finally, the ellect of test temperature was assessed on
a set of panels, identical 1o those in Figure 6, with a
filmn build of 1.5 mils, As seen in Digure 9, the panels
lexted at oo lemperature pellomed the worse, with
little variation in chip density seen al the higher or
{oweer tesling temperatures. This was somewhat unex-
pected, in that higher temperatures usually decrease the
cohiesive imegrity of the TPO and lead to cohesive rip-
ping within the substiate.

Abrasion Resistance Results

As opposed 1o just simply [onking at paint process-
ing conditions oo the performance of roated TPO sub-
strates, the effect of topcoal, Lopcoat application
method {basecoat/dearcoat wel-on wet versus bake-un-
hake), and abrasion resistance after simulsed weather-
ing was studied. Ax deseribed in Uhe Fxperimental sec-
tion, the abrasion resistinee of black hasecoat/clearcoa
panels was judged based on 20° gloss loss. The abra-
siom registance of the samples was measured prior §o
their wealthering, while idenvical sels of pancls were
placed in a Xemon arc weatherometer {borosilicate n-
ner and outer Lliers, SAF T 1960 specifications) and re-
mowved and re-tested aller every 500 k) of exposure.

As shown in Figure 10, il is apparent that in their
"green” states (e.g., hefore exposnre to artificial weath-
ering) the one-component clearcoal (1K) performs
slightly beuer than its two-component counterpart (21K}
(e.g. less gloss loss). After 130¢ kf of exposure in the
Hencdy g weatherometer, however, the lwo coatings
perform approximately the same Usage profiles there-
fore should be developeed that project reguirements lor
coatings in their infancy as well as thwoughout their
tifetime, since perlommance seems ter be predicated on
lifetime.

The eflect of one-component clearcoal coating appli-
ration method was stadied, and results are shown in
Figere 11, Applicalion methods were varied by either
applving the clearcoat on a wet basecoat that had been
Mlashed 3 min al room temperalie pricT to applica-
don, ar by pre-baking the basecoat at 124 ©C for 15 min
prior to application of the clearcoat, From (e resilts
shown in Figure 11, the perfonnance of the system is
determined by amount of artifical exposure the coat-
ings see, Early in their lifetime, il appears thal the bale-
on-bake sysiem pexforois better than the wet-on-wel.
After 730 k| of amificial wealherng, however, the two
systerns perferm identically,

SUMMARY

Perlnrmance profiles of painted plastic substrates
can be influenced by oot only application parumeters,
ez, flash time, heat history, and the like, but also by
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field cxposure over time. This ardele elucidates early
findings on the performance of painted plastic ther-
maplastic poly{alefins) in adhesion, chip, abrasion,
and gouge Tesistance as a funclion of composite
preparation. Trom the resulis iu is apparent, as ex
plained by sorme nanoindentation technigques, that
not only processing conditions but also color can
play an impoitant role on inlerlacial coating develop-
mend and, hence, performance. A more thorough ex-
amination ol interfucial coating development as 4
function of application parameters should be undet-
taken to understand the nuances of additive migra-
Hon, coaling cure retardation or acceleration, as well
a3 other factors. This is one area i which Hule re-
search has been conducted, even though it is known
1o be one ol the major Tactors that accounts for per-
formance varation in the fleld. Perhaps performance
Maps As 4 notion of environment should be devel-
oped and peocess robusiness windows be described
for the variety of coating/plastic syslerns availalle.
Owver-engineering the performance of a painted plas-
tic component is not congruent with the “low cost”
mandates that automolive engineers must face today.
Rather, meeting the requitements of a coating systen
cosl ellectively as il is aged in ils environment ap-
pears to be the “holy grail.” T meet this demand,
much mere work needs to be performed to under-
stand the eilect of the processing windaw on end-nse
key-life performance atrbutes. @l

This arfivle is excerpred from “Service Life Predicrion:
Challenging the Statns Que, " the Proceedings of the 1hird
Service [ife Prediciion Sympostunt, mrasenitad 1 Sedowr,
A7, in Felruary 2004, The book will be published by ifte
Federation of Secteres for Coarings teclmolagy & Joutih
dunrter 20005, For more information, contact FSCT at
S0, 940.07 77, ar email publications @coatingstech. org.

wwwe cogtingstech.org

.Technol.ogy Today

Raferences

E17 Iyt B L Vingl erd Adilitire Tech., 3 (5. 295 {19097

{2y Muoaris, ILE, Tumer |V, Munro, B, Rymez, B4, awd Teeado, BT
Langinain, 135, 2UA1 {1949].

£3) Penninglon, BD, Eyniz, A, and Trbar, M3, Pelymer, 40,
4795 (1930}

fa) Tujivawrs, b ancl Kinia, S, Cwtiho Roltieshu, Eng. L., 4
{10}, 777 (1375),

(5} Clemens, BJ. Balts, Onh, Lawnicasal, I.E., hiddlowm, K12, and
Sans, Lo, e, N Coaf Org, Coat. 3¢ Tooh,, Athens, Greece,
1og, 1993

{0y Pranc 10, kaberline, 5.0, Holebla, T34, wud By, BA
Tesmeag a0 Cosrscs Toomentoy, 68, Ma. 857, 33 (1990}

(7Y baorris, LR, Monm, B, Rymts, A, and Teeace, B, Lovkornstin
14 [0, 2426 ¢1993).

(A) bairahella, kb4 13ah, . and Kimba, 5G., Proc. SFE Astenrodie
TED eiabed Comyf, T, Trow, ML 18D, 199

{0y Templetom, L and Fagan, R, M Sieth torl, TROs B Awtoronre
utt Cond., Mol bl 1994,

[100] bujirmnen, F, Faine ang Resi, Febraary, 38 [LaEE).

{11} Bynle RA. and Mibera, T ba .. SAL Techoial faper # 199907 -
170%, sAk Infernational, Warrendals, T4 (1999

[12) Bansnwdy &G, Byile. BoAL and biboera, 10 Joneaas nr
Connnrcs T RCHNOLOEY, G7, Mo, G40, 35 (15%%a].

(1] Bwuds, BA arsl Bwalon, T, SAL Faper #930807, Societr nf
Anmnctive Engineers, Wasvendale, FA [L955].

[14] Ry BA., Kamamuartby, A0, and Herlubka, LW, Jonniman ok
Coanbes Ty, 67, o, 842, 25 [1995).

[13) Kynie BAL and Abell B2 Proc. 2l ol Wigterbarma, High-
Salids, g Pownder Cetings Bang., Mew Orleans, La, p 54, 1901

[16] Slimw, K., Desecha S oand Satw, 5., P PRA Foartly Azin-Taeifie
Conefarence “Adwances in Coatings. ks, and Adbesives,” Toog,
Kong, Paint Researcl Assoiulicn Liternational Center for
natings techmodngy, paper 4, 1024,

[17] Chen, M.J, Dsweihole, BT, Tlual, C.R., arl Karmdatr, PE., Mo
23nd Ini. Warerharee High-Solids angd Dewdar Coaeings Spmp.
Foew Qrleans, LA, 23, 223, 14346,

[1&]) Tomge, Jo., Blizzard, |17, schmide, Soad,, and YWasher TR, Proc.
2and Tl Widerhod we, Ik -Golids, amed Powrder Ubanirgs Syw.,
Mt [rleany, LA, 23, 432, 1095,

(1] Lin, L and Blackman, G., Pros. Ade Coatings Tecloiegy
Conference, Il Body Fnginesting Conference. SaL/RST
Crelvoil, BAL LO9E.

[200) [arcIran, W, i, B amd C1lweT, W, Joninsal ol CosIIMoE
TECHSOLOGY, 72, Mo, B0y, 79 (200l

(217 Shen, v b, O Jones, kR Fweruom, M., and Rymz A
Dadpin, Matet, Soi Eng., 73, 386 {1994),

[22) Courter TL and Kuomenetzlo B Phimo and HMano.
Indentaticon and Scratcliing Lo Bvalualing tae Mar Resisranoe of
Auloroolive Cloatcoars,” presented at the Sth muraisrg,
Comgmess o Creating Advances in Coaliog Tecdioelagy,
souritburg, Germany, 12 April 1999,

[uly 2005 37



	real world performance pg30
	real world performance pg31
	real world performance pg32
	real world performance pg33
	real world performance pg34
	real world performance pg35
	real world performance pg36
	real world performance pg37

