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wpiristicated analptical marustens e el fon prradng -
search it vty arcas of modern science and technalogy. Confocal
imaging rechidgues protdeds deteitad imapes of coating surfaces
wrhile magdti-angled spectrophatoreters ara idsal fin tesur g ool
differenices af wirtis angles, In comjunction with each other, these
fechnidgues have provided the abvilivg to Jiffereniiole Petiveen coal-
irr aikdditves end understand the effect that the molapnlar waioht
of celltdnze asiars has vn thus level of metallic flake alicrsont tn
el coatings. This enderstareding shodd emeble ool producers
inTeaye production throwgh feasr rejects ard reduce the nead for
re-goattng wwinile subsdniially improving metallic flake aligrient.

TYPES OF COIL COATINGS

Coil coatings must exhibit excellent application
characteristics to ensure unilorm appeatance and
tdefect-free films on production lines, olien al speeds
greater than 200 mfmin. During a short aning sched-
ule at high temperature, the painl must be formulated
o3 that solvents are released ar the comect rate and the
chemical reactions formed shiumld ensure enough flexd-
hility 1o enable the coated metal (@ e bent withoul
cracking or loss of adhesion of the paine Alm.

Lach type of coaling has its own specific advantages,
be it thickness, gloss, hardness, fexibility, durahility in
exlreme weather, ot resistance to chemical attack. The
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vheice of the most suitable systen mnst be based om
ils wsage and expected performance, and should alwavs
be agreed upon beltween the manufacturer and e
client, Some coatings are applied in a single layer. o ci-
ther ane o both sides, while olthers are used with a
primer in multi-Tayered svstems. There are twn types of
paint used tor coil, based on either thennosetting or
thermnoplastic resins, The resing can be subdivided into
eighl general categories rds, acrvlics, epoxies, poly-
csters, polvierethane, silicome-maodified resins, polyviny
chlurides (FVC), and polyviny] Muorides (FYDT),

The choice of paint system depends on the final Te-
quirements in terms of performance, life expectancy,
and cost. A Lvo-coil painl systemn 15 often used, The
first coat is the primer, which is applied inomost cases
directly o ier the premeated metal surlace The primer
usually contains anti curresive pigments to protect the
metal substrate from corrosion. The second coat is the
linishing paint, which provides the color and e
ance of the coated systerm, and plays a large part in the
systemn’s weathering and mechanical performance. The
dry Al thivkness of the coatings is usually between
5-35 microns (o primer and 15-200 microns [or mop
covats; thickmess 1s determined lry the vesin technaology
used anl the paint pedformance required.

MEETING THE AESTHETICS OF THE
DESIGNER AND CONSUMER

In recent years there has been a mowe to meet style
rendks i terms of color and olther visual parameters,
Lhe inlluence of color is becoming an increasingly it
portant element during the development of nesy build-
inngs, with desipners chioosing more lively colors and
ditterent extures. Metaflic shades are often associaled
with modern technology. As a tesult, coil coating man-
ulaciurers have broadened their porifilios to inclnde
finishes which alter aesthetics and allow designers 1o
crente moden, vivid npressioms that are vsed for inte-
rier and exterior uses, The use of melallic and pearles-
cent plgments has niade it possible to create dillerent
appearances of coler and gloss under vanious light con-
ditions and viewing angles,

sdetallic pigmenls incorporated into coatings can be
regarded as metallic mitrors which produce specular re-
tlect [light shone at ane angle bounces back af the
same angle}. Pearlescent piginents are used to achieve
vivid interactions of rolor and luster with the adcled i
mension of vaciation depending on the angle of illumi-
nation and observation. These pigrenls also play an
impeariant role in the creation of many new and
unique etfects when used in plastics, prinfing inks, cos-
melic formulations, and pabnis (or auiomotive and in-
dustrial applicition. The unique peadescent ellect is
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produced by light interference rather than absorption.
Pearlescent pigments on their own produce enly a
small amount of iding and meost pearlescent pigments
are used with metallic lakes 1o increase the hiding
power of the coating svstem.

CONFOCAL MICROSCOPY AND
SPECTRGPHOTOMETER

Confocal Microscopy

The coated substrate is scanned to build a 3-D pro
[ile off the surface. The roughness { RhS) of the surface
15 then valeulaled Mmoo the scanning meascerements.
Poor metallic or pearlescent Make alignment produces
high surface roughness values while good alignment
produces Tow surlace roughness values.

Spectrophotometry

Spectrophotometry enables color measurement at
various angles. A coating’s reflectivity is maximived
when viewed {rom (the perpendicular and reduced
when viewed from a shallower angle. This reflectivity
change is a highly desirable property in the coil coating
industry and s called "Mop." Elop can be measured us-
ing a multi-angled spectrophotometer. High flop values
indicale that the metallic and pearlescent Makes are
aligning in an even and Maer manmner, High flap val-
wes produce coatings that are visually brighter and
more aestrelically pleasing, In the Fastman investiga-
tiong, an X-Rite MAGBI multi-angle spectroplotomerer
wias used and the flop index value wax calenlated using
the following equalion:

Flop =_2.ﬁ‘}‘l{ Te_-L* )"
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Table 1—rarmutat

Molecular Weight At %)

System of {AB (By weight af cnating)
Standeed ... oL ..., — =
Commarcizl Additive

[uns3aturatad poly

carbmaylic acid

e 1 Linkngwn 1.2
Farmulation 1 ..o ... Loy 1
Fonmulatinn 2 .., ... ..., HMediom 1
Formulation 2 ... ....... Mediom K|
Fonnulation 3 ... _...... High 1
Fermulation 3 ... ... ... High 3
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Fgure 1—Canfocal image of standand Tormulation.

Average confocel surface reughness = 215 snicmns
Flep Irdex = 12,20

Figure 2—Canfecal image of commerdal additive farmulation,

Awerzge confocel surfare reughness = 2.26 rinmnz
Flop Irdex = 11.88

Figure 3—Cunfocal image of low malecular weight fanmulation [1%:}.

FormLlzation 1

Average conforal syrace roughnezs = 1,15 microvs
Flop Tndex = 15.01

Figure 4—Confocal image of medium molecular weight formulatian [1%),

Turmulation 2

frerage confocal surtace roughiess = 122 riicrans
Flop Indes = 4.9

Hote: Forinutabion 2 at 3% showod ne improvement owar <he 1%
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CELLULOSE ACETATE BUTYRATE

The ability to contral metal-Make ang
pearlescent orientalion is critical in produe-
ing high ¢uality finishes. Many industries,
especially the automotive Indusiny, utilizes
the comprehensive povtfolio of cellulose
acetate btyrate [CAL) grades to improve
the aesthelics of the paint used on automo-
biles. The CAR lunctions by acting as a vis-
cosity control agent thar “locks” the metal-
lic and pearlescent flakes in the proper
orfentation. Berter flake alignment means
lermlators require fewer flakes to achieve
the same or better desired aesthetic impact.
This also results in beneticial cost savings.,
The information on the effect of CAB on
the orientation of the imetallic and pearles-
cent pigments used in the coil mdustry was
limited and a research project was set up 1o
investigate the performance of CAR.

SELECTING THE CORRECT
GRADE 0f CAB

The: ability to manipulate the compasi-
tion of cellulose esters during their mama-
licture makes them very versatile and flexi-
ble malerialy for coatings applications. The
starting material for cellulose eaters is nat-
ural anhydroglucose polymer from renew-
able sources that is esterified using miz-
tures of acetic, propionic, o butyric
anhydrides to form a product with con-
tolled ester content, hydroxy! content,
and meolecular weight, Grades of cellulose
wcetate butyrate, for example, can vary by
the ratio of acetic to butyric ester groups,
hydroxyl number, and molecular weight.
Chitnges in the composition of the product
aftect the solubility, compatibility reactiv-
Ty, viscosity, melling point. glass wanstiion
temperature, and hardness, Tor example,
the hydroxy] group an the CAL can be
crosslinked into the coating resin “back
bone” vig reaction with melamines and
isocyantes. For the coatings formulator,
this ability to manipulate the propenties
ol cellulose esters means that there are
grades of CAB with specific characterisiics
availible for rnany types of applications.
The selection of a specific grade of CAR
depends on the requirements of the
applicatiom.
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In tetms of coil coatings, it was nat Migure S—Confocal image of high malecular weight farmudation (13},
known what the optimum molecular
weight would be in terms of metaliic/
pearlescent tlake alignment. In order to
assess the effect ol muolecular weight on
the metallic Make alignment, a range of
molecular weight grades of commerciat
CAR fomulations were evalualed in a
commerdisl metallic polyvester/ melamine
coil formulation, This tornmlation was
kniown ta produce poar metallic flake
alignment even with 4 commercial additive
that was designed o improve flake align-
ment based on an unsatwated polycar-
boxylic ester. The CABR formulations were
run on a coil coating pilot plant line and
cired under standard conditions. It is w
be noved that application ¥ia a draw down
bar at low shear in the laboratory does not
replicate the shear applied on a main coil
coiting application line, CAlls have been
shown by Eastman 1o lower theology at
high shear rate, allowing hetter flow il
improved melallic flake alignment, There-
fore, it is best to evaluate CADs under the
shear conditions that ocoor inthe actyal
coaling plant

“urmulatian 3

dwarage sonfocal Surface raachress = 1.45 micros
Fup Ingex = 237

Figure 6—Confocal image of kigh malecylar weight farmulalion (35).

Fasmlation 3

Averaga contacal sirface rogliness = L.32 micrors
Flap !ndex - 14,55

The various molecular weight grades
were pre-dissolved in coil coating solvent,
1 of CAB to 5 of solvent {mixture of di-

Figure ¥—RM5 roughness platted against flop index lar each

methyl esters of glutaric, succinic, and formulatian,
adipic acid) and added 1o a standard 2 —
metallic polyester cail coaling at a level of g oo, - R DARSE
five percent by weight of the linished coil £ . L
coating. ‘The formultations were then ap- E - -
pied on a eoil coating pilot plant line. g 18 e
In order to assess metallic. Make align- ’ng-, 181 \ )
ment, confocal microescopy was used to | E 1.4 '
measure the surface roughness and a . 2 ., s |
muli-angted spedrophotomerer was used = -
to measure the tlop values, ! W " 15 s 1e 15 i

Table 2—iesulls

Amaurt Average R
System HWT (% by wt) RMS ) RMS Inges,
Standaed ... ... -—-- -—-- 1,85, 229, 2.21 2.1% 13.20
Fernulation 1 ........ (e 1 1,39, 1.25, 1,11 1.18 15,m
Femulabor 2, ..., .. Mudinm 1 1.2, 1,27, 1.17 1.22 14,02
Marmulation & ... ... .. Hedium 3 1.33, 124, 1.34 1.17 14.15
Furmyation 3 ... ... .. High 1 144, 1.41, 1.49 L.45 137
Fremulation 3 .. ... L, Ilig- 3 LLE2,1.29, 1,38 1.37 1495
Commercizl Additive .. . Urknown 0n,7% .31, 70, 24 2.26 11,08
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CORRELATION BETWEEN MOLECULAR WEIGHT
AND METALLIC FLAKE ALIGNMENT

These conlocal micoscopy images of the metallic
coil coating withoul cellulose acetate burvrale {Fiure
1) show a multitude of high peaks, indicating a rough
surlace. This is also true for the system that contains the
comumercial additive (Figure 2) thar Is recommended
for improving metallic Make alignment. The images
{Figures 3-6) of the systems containing cellulose acetate
butyrate show lar fewer peaks and large domains of Ml
areas. The cellulese acelule butytate containing svsiem
T aligned the metallic {lakes sach that they are flatter
and more even.

The coniocal inmages demonstrate that the high mo-
lerular weight grades are elfective in improving metal-
lic. Nake: wlignment. Iowever, the lower molecalar
welght grades are more efficient and a much lower
lewel i required o achieve the same effect such that
1% o a cellulose ester bulyrale at the low-to-medinm
maolecular weight range is as etfective as 3% aL the high
molecular weighl,

CORRELATION BETWEEN SURFACE
ROUGHNESS AND FLOP INDEX

Il we plol the average surface roughness against Lhe
flop index {#igwre 7} we observe that the flop vatues

If there's aln)

are also in agreement with the swiface rmughness pro-
files. Low surface coughness produces higher dop val-
ues. The furmulations withoul cellulose acetate butyrate
produce Tar Toweer Alup value and viswally are darker
with a more "grainy” appearance,

CONCLUSION

Confocal imaging techoicques have provided delailed
images of metallic coil-coated surfaces. The technique
via 30 profiles hays sheosen that the addition of CAB has
a dramatic impact on the surface roughness and
thereby on the overall appearance propettics, in com-
parisan Lo the control. Cellulose esters in the meolecular
welpht range ol low Lo medinm were the most elleclive
in aligning metallic flakes, such that they were flatter
and more even. The appearance of such coatings are vi-
sually brighter and rwore arsthetically pleasing. 1L has
alser been demonstrated that there is corelation be-

Aween surface Tomghmess and flop index measured via

multiangle speciropholometry,
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