Understanding the
Effect of Processing
Conditions on the
Scratch and Mechanical
Behavior of Automotive
Plastic Coating
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| pectally after accelerated wedihering.

Phiﬁp V. Yaneff
E.I. DuPont Canada**

INTRODUCTION

Seratch damage of painted automaotive plastic components continues Lo
be of concern, particulatly when the parts are freshiy paimied. Damage can
accur during handling, shipping, or assembly. Unfonunately, there is no ac-

| cepted "test” capable of duplicating the above damage. Researchers attemypt
tor quickly reproduce damage in the laboratory that duplicates what ocons
in the field over a prolonged period of time, [n the laboratory, simply rab-
bing a painted pant with a cloth that may or may not contain an abrasive can
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produce scratch and mar darmage. 1Tis 15 the basis for
the conventional crockmeter west.! Hlowever, wilh some
pieces of equipment, the weight of the head can be in-
creased, e, the Taber test device.” The resuliant scraich
damage is typically observed visually or measured by
aloss lows or changes in haziness or pravriess of the
coating. Single or multiple fips have also been nsed w
produce surlace andfor deep scratches as the sivlus tip
size andfor boad are changed. Tools such as a nanoin-
denter, 4 Foud (ive finger spparatus, and a Scratcho de-
vice are all curendy in use

Scratch and mar are 1erms thar are usnally uged in-
lerchangeably. Marnng is typically characterized by
oloss loss and is therefore assodated with a high den-
sitw ool small, shallow acratches over a Jange area.
Scratching is wsually associated with deeper deforna-
tiom lings that may ocour alome of o multiples. Tinding
a technigue that can be used Lo produce scratch and
mar damage identical to that seen in the hield can be
quite a challenge.

tany of today's auomotive coatings ane not fully
cured directly out of the oven, but require sume degree
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of posi-cure o develop full properiies, This s particu-
larly characteristic of socvanate and silane crosslinked
tlexille coatings, Silane crosslinked flexilble coalings, in
parttcular exhibit superior scratch resistance due L the
their ability to re-llony and beal miner damage on plas-
Uex, eapecially when exposed 1o sunlight andfor heat.
On the other hand, melamine 1K cured contings do not
require much posi-cure (i any}, and exhibit less dam-
age wlen subjected o the same saatch damage proto-
col as two-component (2K} coatings, They do not
subsLantially re-Mow when exposed to elevaled temper-
atures. &ince feshly paineed pans can be subjected to
silnations of environments that may cause damage out-
at-the-oven or during the post-cure perind, studying the
conditions used Lo prepare and cure the coating can be
very frformative, This is imperant because mest fascia
pans (i.e, bumpers) are relatively large and have fairly
complex shapes. \[ s not wncominon for localized areas
ol 4 bumper tor see a cove variance ol 5 o 100°0 with
sienificant dilferences in oven air flow,

Many of the available studies have concentrated on
Fully cured parts prepared under optimum condi-

Fiqure 1—Processing tabustness measurements of hardness and alastic modulus far AP/BCACC samples "P" and 07
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Figure 2 —Elastic modulus and hardness properties of weathered &P/BCACC coating systems far teclinolxxgies " and *0.*
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tinns. 12 Aulomative components often are painted in
dilterenl fdilities, utiliving different paint systems
which may be cared under a variery of different condi-
lioms, and are then altached (o the vehicle during Mnal
assemnbly. Compaositionally, these coatings may vary in
resin backbone, which may aftecl hardness, mechanical
propenties, surface tenwion {at will affect the coedll
ctent of triction), and toughness.

1o this attivle, we examine the effect of processing
conditions (bake temperature and time at lemperalure)
tor a series of 1K crosslinked coatings on TPO (rom dif-
ferent jraint supypliers as measured by their scratch and
mechanical behavior {elasic modulus and hardness).
Also, o understand how scratch and mechanical prop-
erties may change with lime, we compare these proper-
ties hetore and afier accelerated weathering. A coating
system that exhibits grrod scratch and mechanical prop-
erties when new, bt which subatamitally deterioraes
npon weathering, may nol be atractive w the automo-
Live COnsTer.
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EXPERIMENTAL

All selventhome fexibilized coanngs were spray ap-
plied to thennoplastic podyolefin (1O} panels (Based]
NR5713X) wet-on-wet and baked at the prescribed
temperatwre and Uime in an indirec-fired natural gas
conveciion oven, The coatings consisted of a ¢hlori-
pated polyoletin in conjuncion with an audliany resin
adhexsion promoter (AT), 2 one-component aoylic
melamine black hasecoas! (BC), and a one-component
acrylic-melamine or acrvlic podyeser melamine
clearcoat {CL). Two different coating systems (labeled
"I and “DY) wtilized 1o the aulomeotive components
business were obtained flom commercial pam supphi-
ers (PG Coatings and DuPonl Performance Coatings).
Dry film thickmesses of each layer ranged from 5--7 mi-
crons for the adhesion promoter, 6-3 microny for the:
hasecoal, and 35-38 microns for the clewrcoal. Curing
conditions ranged from 235°F to 20900°T {or 2510 35
minute smbient.
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lngtrumented indentation was petformed af room
temnperaiure using a Nanoiodemer X' equipped with a
dinmaond conical Tndenter of 907 incduded angle and 2
2 micron radius available from MTS Systems. Forces ap-
plied ranged in general froim 0.2 mM w0 100 mN, Con
stant sirain rate loading orcles with the continus
stilfmess mode opfion were used, at Megquencies of 0.1
sect and 4.005 sect at 45 Hz. Fvolution of the hard-
ness and clastic modutus measured throughou the
lorading phase was used to record the properties of the
COALINgGS.

Single probe seratch festing was perflomed ar oo
letnperature on 1S Instrienents’ XP Nano-Scealch ap-
paratus oquipped with the same prolw descriled abowve,
Testing parameters used included o scratch length of 1
runt and a scratch velocity of 2 microns per second, A
progressive force sorach method was utilized in which
the applied force was increased Timearly from 2 mN 1o
40 mMN along the scratch area,

The staric coeticient of MMction was perfomed on
the SLILC macdhine described in veference 10, The
Eaptom-covered bob was manstured across the sample at
a load of 4.5 kg and a welocity of 5,08 cnfsec. The

Technology Today

Figure 3- CoelRcient of Jnction measurements for AP/BC/LC technolo-
gies D" and “F before aad after Xenon weathering.
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Bgure 4—5oratch petformance as measurad by critical load aod vesidua! depth for ARP/BC/CC technalogios "B7 and “P* as a funclion of process

condition.
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RESULTS AND ANALYSIS

Effect of the Process Conditions on Machanical
Properties of the Coating System

Ty assess whether the hardness and elastic modulas
values obLained for the "7 and *TY AFBC/CC coating
systems changed as o result of the way the materials
were processed, .2, dme and temperature of “oure,”
the coalings were prepared al vanious bake times and
lemperatures as disted im Figure 1. Values of elastic mod-
ulus from the experiments performed al two different
strain rates should be equal. The small variatons ap-
patent in this dala may be a resuli of thermal drift be-
tween the slow and [asl strain rates. Whal s important
in this data, however, is the significant difference in
hardness between a strain rate of 0.1 sec™ and 0.005
sec™ This indicates the lime dependency of the proper-
ties of the surface. A signiflcant evolution of both (slas-
tic and yielding properties with bake conditions can be
observed. The temperaiure has a3 much maore significant
effect than the time of bake. The higher temperaare
btkes result in higher elastic modulus smd hardness tor
both Lechnologies.

Effect of Weathering and Process Conditions on the
Mechanical Properties of the Coating System

Aceelerated weathering [1800 k| in a Xenon Arc
Weather-Cruwter performed according wo SALI94G0
with borosilicale/horosilicate Inner and outer filters on
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thie lamp) wis carmied out on samples of both the "P°
arul "I APYBCHCC Lechnologies baked al various con-
ditions. Weathering has an importamt effect for Tow
baking conditions in the “D* echnology and s present
in all baldng conditions for the “I* wechnology. as
shown o Figere 2. In all cases, for the weathered sam-
ples of the *I* technology, the hardness increases by
over six times for the low femperature cured systems
and approximately two times for the high bake condi-
tons versus the unweathered samples (Figure 1). Lhe
elastic modulus increases by four times for the low
bake conlition and approsirmately one and one half
times tor e high bake condition vessus the usweath-
eredl samples. Weathering seems to “erase” the effect of
cure condinion for the elastic propeoy. It is inweresting
to note that the weathered "D techmology has rela-
tively Tittle change in either mechanical property when

- compared i the umweathered counterpast in Figwe 1.

Effect of Weathering and Process Conditions on
Static Coefficient of Friction

With mechanical properties determined for each
technology as a function of weatheting, one varable
known & ailect gevatchl, but vet undetermined. was the
coeflicient of triction: Therefore, the AP/ BC/OC systems’
[r the “F* and "I} technologies werz evaluated for
static coefficient of friction values as described in the
Fxperimental portion of this artcle. As shown im Figure
3. the "D wchnology coefficient of friction drops by
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over 60% when weathered, whereas the “P” technology
increases by over 50% when weathered. The process
conditions do not seem to affect the coefficient of fric-
tion value in either the weathered or unweathered sam-
ples of “D” technology, but they are affected in the “P”
technology. This seems to suggest additive migration,
possibly a surface active agent that in “D” is more per-
manent, and potentially the loss of additive technology
upon weathering in “P.” The lower coefficient of fric-
tion is more desirable since it usually

correlates with less surface damage in
compressive/shear damage, e.g., Slido.

Effect of Weathering and Process
Conditions on Scratch Performance

Figure 4 displays the scratch per-
formance as measured by critical load
to fracture and residual depth meas-
urements for AP/BC/CC systems for
technologies “P” and “D” as a function
of processing conditions. Process con-
ditions do not seem to significantly af-
fect the scratch performance of the “D”
technology, although, as seen above,
the mechanical properties are chang-
ing. The effect of frictional changes in
the surface may profoundly convolute
these results. The “P” technology how-
ever seems to be optimized for a
260°F bake, with the highest critical
load achieved at this cure. Both coating
systems have roughly the same residual
depth after the scratch is made, indi-
cating similar elastic recovery.

Weathered samples were subjected
to scratch testing as shown in Figure 5.
The “D” samples maintain the great
majority of the scratch performance
they exhibited in the unweathered con-
dition, particularly at the higher tem-
perature bake, even at increased resid-
ual depths of scratch after weathering.
The “P” technology, however, is dra-
matically affected by weathering, los-
ing approximately 50 to 70% of its
scratch performance as measured by
the decrease in critical load to fracture.
This would have been suggested when
taking into account the large increase
in frictional coefficient upon weather-
ing of this technology, along with the
dramatic change in mechanical proper-
ties, particularly the increased elastic
modulus of the “P” AP/BC/CC system.

www.coatingstech.org
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SUMMARY

The mechanical properties of coatings can change
dramatically as a result of the way in which they are
processed. In this study, two 1K acrylic melamine tech-
nologies, obtained from different suppliers, were evalu-
ated under varying cure temperatures and times. The
mechanical properties were found to vary as a result of
the cure condition. It was determined that variations in
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Figure 5—-%cratch perfarmance as measurad by critical oad and residual depth, for weathered (1800 ki} APSBCACC technolegies 07 and “P* as a

functien of process condition.
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temperalnte had a stronger etfect on mechanical heha-
ior than ime ala thal lempevanire,

Scratch performance of wohnology “DY seas much
more rebust than the "I technology, as it was not sig-
nilicantly alecled by core comdition. Wealhering the
technology did nol significantly Toswer the scratch resist-
anwe either, which may have been partly due to the dra-
matie decreass in frictiomal characteristics of the surlface
upon weathering. This suggests that the incorporation
of additives that migrate 1o the surfuce and maintain
their permtanence may play a vital role in atlecting con-
dnued scratch resistince. In addition, esin selection
iy also play a vital role. The evolution of saatch per-
[ormance upon aging is generally not evaluated in au-
tomotive specilications, altheugh perhaps it should be.
A new rar's appearance, e.g., initial "green” scratch
chiaracieristics, is imporant, but so oo are performance
characteristics upon agiing. Fexible coatings that relain
sufflicienl mechanical properties (or o long period of
time are expected lo damage less than coatings that Tre-
come more brittle,

Finally, thix stk shosws the importance of bake
temperalure on LK melamine cured coatings as related
1o scyatch perfonmance and mechanical properties.
Coatings that are oprimized for a panicular core condi-
ticn may exhibil inderior perfonnance when exposed 1o
renperature swings that rourinely oceur in the painting
and curing ol antomotive plastic pans, Coatings that re-
tain their mechanical properiies will effer performance
superior to coatings that deteriorate. Since seratch dam-
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age is a major issue with eoday’s swlernotive vehicles, it
worlel be emeficial to know o scracch and mechani-
cal properdes change with weathering, in additon w
the visual and adhesive measurernents commonly
ke 1oy B
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