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INTRODUCTION

The requirements for automotive clearcoals have changed sipnilicandy in
the Tast twor decades. The most dramatc change has bevo in the VOO reduc-
tion of clearcoats. For solventborne cearcoats, VOO levels lave chamged
from 3-5.5 lb/gal to as low as 3.3 [b/gal for OFM applications. "I lie number
average molecular weight (Mn] of the resins used [or dearcoats was around
5000 a couple ot decades ago and now it 3y around 2,000-2,500 Dalions,

The theological behavior of clearcoats has alse become increasingly i
prrtant as the molecnlar weight of resins has decreased over this period of
time. Automotive OLM coatings are applied using automalic. electrostatic
spray equipment, The applied clearcoas are allowed to flash for 168 min and
are baked al 250 280°F [or about half an howe At the Ume of application,
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the viscosity of the paini is o {25-30 sec on Ford
#4}. Hawever, once applied to the substrate, the viscos-
ity of the coating must increase rapidly 1o prevent sag-
ging. Lower molecular weighi resins {lower WO have
i geater eiulency to say during Mash-off time and dur-
ing 1he hake cycle because of an inverse reladonship
between the molecular weight and viscosity,

lio prevent sagging in low-vO(, coatings, where there
1 very litlle evaporation of solvents, coalting formula-
terns must be psendoplastic.' In the automotive indus-
¥, three major types of theology conirol agents are
used 1o control sagging: fumed silica, microgels, and
urea crystals (SCAYS? Tach of these three theology
agents has paxtide morphology. in ¢learcoat paint un-
der low shear conditions, these particles can flocculate
in a contielled manner—Ilorming a three-dimensional
nebwork, wapping liguid, and eMectively increasing the
wviscosily.

In this awriicle we swudy novel theology control
agemts {RCAL developed by Nuplex Resing. The bulk
and surface characleristics of RCAs are taftored 1o aive
controlled Avcaulation in commonly vsed automotive
resins, These RUAs have a particle size of less than 100
nm. Particle size plays an imporiant role in appearamce
of the clearcoat, Le., for haze-free il particle siees of
much lower than the wavelength of the visible light
{400-700 nm) are desived.

EXPERIMENTAL

Materials

RupoLaiy CovTRoL AGENT —Nuplex Resing has de-
velaped novel theology control agents for clearcoais
designed lor automotive applications.
Three varations, RUA-82, RUA 84, and
ECA A6, are studied here, Fhe aclive RCA
15 55% based on solids. The remaining

Table 1-Physical Characterislics of the Rhes: oy Control Agents
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resin (=H%) was used as a curing agent for the
acrylic resin,

Formulations and Application

The ratio of acrvlic to aming vesin was mainiwined al
75:25 {on solids) in all the lormulations. No flow or
welting additives were added o the clearcoal formula-
ton s as to focus on the effect of rheology coniral
agents. Typically, in a clearcoat a formulaion up w 4%
RCA was used based on the wotal resin solids. The for-
mlas were adjusied 1o a spravable viscosity of 30 sec
(#4 Ford cup] using 1:1 xylene:PM Acetate solvent.

The paint litm was applied using awomiated spray
exflipment 10 ensure controlled flm thickness and
congistent application. After spray application, panels
were Hashed off for 10 min and then baked at 280°F
(oar 2404 min.

Testing and Measurements

SCANNING FLicrroN MICRoscopv—-A drap of RUA
SUSPENSioN was put on a TEM copper grid with a holey
carbon film and the remaining solvent was munedi-
ately almorhed by {Hlter paper, Secondary electron imag-
ing was performed with a Nova 600 FLE SEM at 10 kv,

MEASUREMENT 0 St LIMIT —Paint tends (o sag when
applied at higher (ilm thiclowesses. The resulling sag is
maore pronounced when there are indentations or pro-
trusions on the substrate. Sag imeasurements were run
oh 4 = 18 in. elecuocoated panels (ACT Lab.,
APR36321 ] with 17 holes drilled 1 in. apart along the
length of the panel. The panels were sprayed vertically
aL progressively higher film thickness from wop 10 hot-
tomm, Typical ilm thickness varied from 0.5 mil ar the

7% 15 the stabiliving resin. the main Ra S _ RrA-B2 _ REA-2d RiA-AG

colmn i)l?ﬁ:f101?lﬂl dlﬂl-_"l‘f:frl{'f: betﬂf-‘t?efn Ihv.s:_i WoRUM L 463 _ e

three RCAs is the type ol sulilizing resin.

RCA-B2 and RUA-S6 use an acrylic polyol Yo Active RUA on MM Lo 53 £5.0 B5.0

resin 1]i1&i—’dll:rl'l the praprictary Controlled Suasilizing resin L. ... .. CHSP 14 HMMM CMSP-61H

Molecular Structure Polyol {CMSP)Y tech-

nology developed by Nuplex Resins. RiCA- Ve [seakilizing resing ... ... 1250 1520

#5410 Hl:d]‘.llh?.i_‘d by hexr;i.:nL:tlmx}*meLh}r'I M (szabilizing resin) . ... .. S .

melamine {HMMM), Table 1 summarizes

the: physical properties of the RCA. Parlive size (nm) .. ..0u e 25-50 35-80 i6-80
ACRYTIC Resin—High solids acrylic e Mk, AL, MAK.

rosin was wsexl in this evaluation, The
eouivalemt weight of the Tesin was 330

Heayl acatats Heayl avetate Hesw! acetzte

Viscosity (mPes) @ 25— L. 2050 SEED 16,940

and the % NV was 70940, fag suppliec) e 1005 - .., ) 559 1504
MELAMINE Resm—A commercially Wiscosily (mFas) @ 181 L., 1490 45 1200
(5t 0% WVED (@ 100 s~ 35 55 315

available hexamethosymetliyvl inelamine
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Figure 1—3EM micrographs of RCA-36 ot magnification of K101.4K
{left) and X85.2K (right).

top to about 2.0 mils al the bowom of the panel. When
pain sticls sagging, it forms “tears” underneath die
hedes. The length of the tear wax imeasured from the
bottomn of its respreclive hole. Uhe film thickness corre-
sponding (0 a 5 mm sag was reported as the Sag Limit
in mils (1 mil = 25,4 micron].

Arrearancl MEASURPWENTS — A prealance was meas
wred using the BYK Cardner wave-scan DO instru-
menl. Shorl-wave, leng-wave, orange pesl, and
Combined Ford appearance mieasurements were mile
o1l the panels uking slandard procedures,

Rheology Measurements

All the theology measurements were performed on
an Anfoen Paar LIBSZO0 comtrolled stress rheometer, us-
ing cone and plate geomeiny al 23°0 A cone of 17 an-
gle and 50 man Jdiameter was used for all mesure-
menls A clesed cover sct-up was used Lo prevent
evaporation of solvents during Lthe measuremernts.

Sanrin Purrararion— Three levels of RCA, 2%, 3%
ancl 4%, Tased on Lol resin solids, were used. e
acrvlic Lo melamine ratio was mainlained at 3:1 for all
the samples, Tor a1l rheology measurements, the solids
content of the clearcoats was adjusted 1o about 659
MY & by evaporating the solvent. This solids content
wias Close ter thal of the painl on de panel directly atter
s|araving.

VisCoMErRY Vesr—This test is corriex] oot 1o deter-
mine the viscosity, 17, as » funclion of the applied shear
sLress, o

. T
ey T
() r

Where ¥ s the measured shear rate. In Uhis test, the
shear siress is waried in logarithmic steps from 50 Pa
domm ter 3.1 Pa

CHIFP MEASUREMENTS  CIree]r meastITe mels Were
performed to determine the inaease in viscosity as 4
Munction of time al g constant applied shear sivess. The
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sag/leveling balance of paints depends on the Ume-in-
tegrated film fluadity, Vs, which in twen (suongly} de-
pends on the applied wel layer thickness and on the
time-integraied paint fluidios ™ The: fime-nnlegraled
paini Muidity is equal tee

o

j mir)y

ul

In a creeps test, this gme-indegraled painl Muiditr is
egual o the measured compliance o). For a Newion-
iany, on-thixoiropic painc () 15 equal to 1/ (and thos
indepenlent of the applied shear siresy); for non-
Newlonian, thizoropic paiis, the dme-integrated
pralnt fluidity generally depends on the applied sheat
StIEss.

We can mimic, by varving the level ol the applicd
shear stress inoa creep 1est, the influence of variations of
the applied wel paint laver thickness on the Line-inte-
grated paiat fuidity, For non-horizonal wet paints, the
shear stress in the painl layer is linearly proponional o
the thickness of the applied wet luyer. As an example, a
wed paint layer of 100 microns, applied on a vertically
mounted plate, experiences a shear stress of 1 Pa (as-
suIming o density of 1 gian®),

Trior Lo the ceeep measuremenl, all painls were sub-
jected 10 prolonged presheacing {1000 Pa) to crase any
previoushy il wp stucture inthe sample, The influ-
ence of the constant creep shear stress was evaluated ot
0.3 and 1.0 Pa (that ix, abowe 2 mil and 4 il we painl
Layer thickness o vertically monnted sulsloles).

RESULTS AND DISCUSSION

Scanning Electron Microscopy

SEM wicrographs reveal that the panicle size of Lthe
RCA particles was in the vange af 35 80 nn. Based on
the visual ohservation il was seen that the majority of
the particles were between 30 and 70 nm. Some ol the
particles were scen to be Aocoulated in e agglomer-
ales. The panticle sizes of all the BCAs wene approsi-
mately the same. These particles were much smaller
than the wavelength of wisible light {100-700 m).
When the particle size is much smaller than the wiave-
lempih ol light, i helps reduce any Mie scautering cffect,
resulting in a film with oo or negligible haze.

Sag Measurement

The level of RUA was varded trom O to 4%, thereby
plaving apecial emphasis on the sag properiies of the
coatings, Pigure 2 describes Uwe results of sag limit tests
when varving Lhe RCA level from O to 440, A commet-
gl clearcoat formmlation was used for comparisen,
The sag limil, ie, e dry filos thickpess [DTTY at which
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Figre 2—Comparisan of sag limit for increasing level of % RCA.
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the sag tear was 5 T, was determined, The higher the
DIT at 3 mm sig, the better the sag resistance of the
coating. As the BCA comtent was increased, the DT in-
creased progressively. Fignre 2 indicates that abew

2 5-38 ROCA would be sulticient to obwain the sag re-
sistariee: comparable to that of the commerdal sample.

The sag performances of all the ROAs were tested a
3% (Pignre 3], At this loading level the sag resisiance of
the RCA wax signilicantly better than the "No RCAY
rlearcmal and was slightly higher than the comimercial
clearcoat, The sag resistance ot RCA-82 and ROA BG was
slightly higher than RCA-54. This inddicaes that the
CdBMaahilized RCA gives slighily betrer sag resistance
than the melaming stabilized BCA, The sag resislance
of RUA-RG was marginally lower than that of RCA-82,
which implies that the increase o the molecular weight
ob the stabiliver did oot attea the sag perlermance sig-
nificantly.

Appearance Measurements

Typically, when a theology conirel is used ina
vlearcoat, some appearandce is sacrificed o oliwain the
improvement in Lhe sag conwrol. Figuare 4 illustrates the
appearaice of different RCAx aL 3% loading, Tor com-

Figure 3—Comparizen af sag Bmit fer vardous RCAs.
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parison, a clearcoar without any RCA and 2 commercial
clearcoat were included in the study,

Orange peel is 4 measure of the leveling of a
clearcaat, The higher the mnnmber ol the orange peel
rating, the smouother is the film. After incorporation of
the A, although the sag resistance was improved
considerably, the smoothness wis also decreased to
some extent as is evideni rom Ligure 1. Amnong the
three RCAs investigaled, RCA-806 contritmites the best
appearance, This indicates that the stabilizing resin
plays any imymertant role and that the higher molecular
weight CMSP resin comiribules a relatively better hal-
andce of sag and leveling, 1t can also be olserved Lhat
the smmaothness is betier than the commercial sample,

Thstinciness-ob-image (THOIY is the rellective charac
terislic of a coating, Tt i a quantification of the spread
of light reflecied aL a specular angle. [ gives an indica-
ricm of how sharp the image rellected by an object ix
likely to be, DO increases with inoeasing swilace
smoothness. A higher number s desiced lor the
clearcoal, Houre 4 shows that the DOT of the RCA-con-
taining samypdes is stightly lower than for the samples
without the RUCA. Among the three RCA studied, RCA-
A6 wives a DO that is comparable or slightly beter
than twe commendal clearcoat,

A additionad measure of appearance is Combined
Ford (CF). ILis a combination ul varlous surface ap-
peatance measuremnenls, About 15% weighlage is given
to luster, 35%: 1o sharpness of image, and 5% to the
orange peel The Combined bord appearance of ROA-
80 was observed 1 e very close to that of fhe clearcoat
without RCA and better than thit of the commercial
conbrol

Rheology Measurements

Viscometry is a very dseful tool for inital soreening
of an BCA. In many cases the degree ol preudoplastic-
ity 15 u very good measure of the efleaiveness of an

Figure 4—Comparzon of varous appearance indicators using dilferent
RLAS,
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Figure 5—Measured wiscosily as a funchon of applied. shear stress of
divferent RCA-containing «learcoats. For comparison purpuses, @
clearcoat without any RCA and one commercial clearcoat are included,
All the samples ave megsured at the ready-to-spray viscosily of 30 se
4 Ford Lop).
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Figure 6—VYiscosity of clearcoat paint meascred in 2 creep test at 0.5
Pa shear stress. all Lhe samples were made with 3% RCA. Controt sam-
ple doss nat contain any RCA.

t0.0
FeCh-a6 a5

_ RAGA-BE 3%
C [ T T P T T T T pratanns® " R m L g
E 'r;‘:.“ wanbdstamatesnntadangeinatnanibanaadha, abdakli,n
; .t:"'- R AR Y b i N e by R A Py Fh ke gk I
£ 10 2 RCAE 55
§ i [
® - Mo [ACA,
2 L}

1

o 100 200 300 400 5000 600

Time {5)

Figure 7- -Correlation bevwsen integrated paint fuidity (1,1 at 0.5F3
and sag limit far RCA-containing clearcoat system.

1.8

HC.L 36 &,
&

& ~ ARE 3 .
T )
FCaa2 g B
Rl 30 =y

T RGA-SE 2%

1.4

DFT at 5 mm Sag (mils)
P

.L_H_:‘_’_
08 No RCA

0.6 T T T T T - .
100 200 300 400 500 GO0 FOO o 200 300 10001700 1200

dgnge (PR}

42 June 2008

ROCA i a particular resin sysfem. Figere 3 shows that
withoul the BCUA, the clearcoal s more or fess
Newtonian as there 1s almost no eflect of shear oo the
viscosity of the paint, On the other hand, all (thiee
ROUAS exhibited some psendoplasticity even at 3-wit%
level Aumong the clearcoals studied, the commercial
sampe exhibited the highest amount of pseadopastic-
ity in the ready-to-spray clearcoat,

M is inderesting fo note that the degree of pseudo-
plasicily may nol be the most conchosive way of judg-
ing the sag perfonmance of a clearcoat. o Fgure 3, Lhe
commercial sample exhibits the most pseudoplasticity,
and, thas, could Be expecled Lo give excellent sag nesist-
ance as comnpared to the other RUAS | owever, Fiooe 3
shonwrs that all the BCAs give better sag resistance than
the: commercial clearcoal.

The anownt ol sagging and leveling in a doving paing
Is strongly related 1o the time-integrated [l Muidity
{or total film flow), The higher the toral tilm How, the
higher ihe armoumt of sagging in non-honzontal wet
paints. The towal {ilm {low depends sirongly on the wel
laver thickness and on the paint flow. Creep Lests are
highly useful 1o determine the total paint flow {time-
integrated paint Muidity] a5 a lundtion of the applisd
shear stress, The total paint flow is equal W the meas-
ured compliance T, The increase of the viscosity 7 {t) of
the paint during the creep test is also determined and 4
equal to:

cf ()
o

mify =

For non-horfzonial wel painls, gravitational forces
cause a shear stress in the paint layer, which s linearly
proporticnal w the thickness of the applied wet laver,
As an example, 3 wel paint layer ol 100 microns, ap-
plied on a vertically mounted plate, experiences a shear
stress of 1 Ta [assuming a density of 1 gfam?®). Thus,
the creepr cueves in Figure 6, which are under 0.5 Ta
shear stress, represent the shear siress corresponding Lo
abowt 2 mils {50 microns] thick wet, vertical film. This
lesl mimics tve actual spraviog of the paint where the
shear rate at the spray gun is very high, in the range ol
2000-3000 P, anel, when the paint hits the panel. the
shear rate 15 wery low, on the arder of (0.5 Pa.

Pigure 6 shows the results ol creep wesis carried oul al
(1.5 Pa mimicking the krhavior in a vertical wet paint
Layer of 50 microons. The KA of the cesrcost was ad-
justed to 65% to mimic the N¥hi of the paint il im-
mediately after application. Thus, 50 microns of wet
(ilm correspond Lo aboul 33 microns (1.3 mils) of dry
film, which is relatively close to the sag limils observed
in Figure 3.

In the livsl G0-70 sec there is 3 rapid increase in wis-
cosity due tor the formation of RCA network in the
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Ha RLA o8
RLA-B2 3% Rt
HLA-B4 3% 3z
RLA-G6 PO 554
RCA-AE 3% 33
HCA-BE &% 212

paint film, This network is formed as a resuln of the
comtrolled fAogenlation of the RCA paiticles in the
resinons media. ‘Lhis viscosity Increase s an imnporlant
sLep in restricting the sag of the paint during Mash-off
stage, Digure 6 shows that all three RCAs are effective in
restricting sag during [lash-off time, Amony the three,
ROA-G2 appears to be the most effective. The viscosity
of BCA-32 and RCA-56 plateau alier aboul 120 sec. In
the case of RUA-34, (he viscosily decreases slightly after
120 sec. This 18 probably due to some over-flocoulation
{ parly collapsing) of the RCA netwark,

fable 2 swmmanizes 1he elecl of shear suess on the
total paint fluidity {J_ .} integrated from time £=0 10
1=600s. This represents the flow of the pint during the
{lash-off stage. The: lower the 1odal Muidity. the lower
will b the sag of the paint film, When the wit®h conlend
of (e REA-B6 was increased from 2 6o 4%, (he Lotal
paint fluidity deoreased considerably. This indicates
that the effectivenass of increasing the Y BCA iy signifi-
cant in decreasing paint fluidity, and. hence, the sag of
the paint fikm in vertical position. Among the thiee
RCAs imvestigaled, ROA-82 has the lowest total filin M-
idity (] ), indicating the least sag among the three
RCAs,

The creep measurements camked out represent only
the flush off Wme during the total cure cyele. During the
hake, the viscosity of the paint inilially decreases, then,
as it cures amul as solvenl evaporates, the viscosity in-
creases again. RCA plavs an important role during the

Gus
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heating stage of the clearcoat. Tt is vervy complicated to

study the rheology during thie cure stage: However, a
comrelation hetween the total paint fluidity {1, ) and
the sag limil of a cleavceat is observed in the RCAs
studied. Figure 7 shows that in the RCAs studied, as the
total paint fluidity decreases. the sag resistance in-
crases. Thus, the creep measurements, which are less
lime consuming, can be used 1o screen the RCA or
clearcoat formmulas to oplimize the sag resistance of a
cleavcoat,

CONCLUSIGNS

It was demonstrated that novel RCA significantly im-
proves the sag resislance of clearcoats. Nommilly, the
appearance of a dearcoat deteriorates noliceably when
he sag resistance is improved. 1lowever, in this evahua-
tion, RECA-86 exhibiied the best appearance in an ROA-
conlaining cearcoat—an appearance which was not
sighiticantly diffevent from thiat ol a clearcoar without
any RCA, Creep measurerient is an important tool 1o
screen The dleareoat tor the sag-roesistant perlormanee.
tsing creep experiments, the tedlal praint fuidily can be
calculated. |t was demonstrated that there is a direct
conmrelation hetween Lhe total paint fluidity (] ..} and
the sag resistance of a clearcoat.
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