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Microstructural {\ Appearance

Properties Processing
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1. TiO, Pigments— prepared in NIST

2. Metallic Flakes -in collaboration with coating
Industrial partners

3. Light Interference Pigments - in collaboration with
coating industrial partners
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» Laser scanning confocal microscopy (LSCM)
« Scanning electron microscopy (SEM)
» Atomic force microscopy (AFM)

e Scattering metrology
- reflectance (BRDF)
- neutron, light scattering (static/time dependent)*

» Advanced |laser-base image technique*

\ * Proposed Laser Goniometric Scattering (LGS) System
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L SCM Basics (1) \

® Collect light exclusively from a single plane

(A pinhole sitting conjugated to the focal

plane)

® Scan the sample sequentially point by
point, line by line, and assembles the pixel

infor mation to one image.

o » 4 Advantages
‘ : j&ctive ]
XY-Scan —\ » Non-contact / non-destructive method
- o I | hple  © By moving the focus plane, single images
Focal Plane - _
7\ (optical slices) can be put together to
build up a three dimensional stack that can
\ be digitally processed afterwards.
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Depth Profile
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T1O, pigment dispersion in Acrylic Urethane Binder

Fracture Surface
o

(LSCM Images)

PVC: pigment volume concentration Pigment Size ~ 300 nm
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/ Characterization of TiO, pigments

Autocorrdation Function

1E-3

\

NST

aal Inetitwie of 54

/7~ Concentration ™

Flocculation

. Size Distribution _/

0.1f

0.01

PVC (TiO,) | 4

20% |
5.0%
2.5%
1.5%

SRM 1690(900 nm PSL spheres)

0 10 20 30 40 50 60 70 80 90 100 110 120 130
Distance (pixel)

lardu and Tich lagy

T | nology Admmighroticn, LS Degartment of Commance

\

3-D Reconstruction

5% PVC

R - smaller asPVC - larger




oSz

36.9 pm

NIST SRM 1690 — 900 nm PSL Spheres

(cluster size) 1

>
q-Ats
< 2z
log-log plot
—> _C_CJ 200 J g.p
@ -
g P ve ee¢
= | T :
9p]
g 3
— % @
©
o sag = 100f 900nm PSL heres -
\ ) ¥
163
ng g (Spatial Frequency, nm])

Hatianal Institsie of Standards and Technalogy
Techrolegy Admerisiration, LS. Departmant of Cammarce
S

e *

2-D LSCM Image FFT image

= 2

N
-

T

=

Circularly Averaged
I ntensity Profile

_ log-linear plot

[ ]
100 | 4
80

g (Spatial Frequency, nm)

Charactering TiO, cluster sizesusing FFT images of L SCM images
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Microstructure of Metallic-flaked Coatings

XZ Plane

XY Plane |  YZPlané
Characterization of Metallic Flakes
" ™

e Size Distribution

 Spatia Distribution

\ (Density, Orientation)
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Aluminum Flake-Pigmented Coatings
Same PV C, different pigment sizes

Fine

\

Nisr | Crainy texture Finer finish
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Maria Nadal-PL
Intensity Profile J Optical Reflectance

FFT of LSCM image (Specular Data- STARR)
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L SCM Topographic M easurements
(X,Y, Z) Data fine flakes

Coarseflakes
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Aluminum Fake-Pigmented Coatings

Similar pigment size and PVC,
but different densities near the surface

Sample #1: low density

Sample #2: high density
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Intensity Profile - Optical Reflectance
FFT of LSCM image (Specular Data- STARR)
gpecular intensity —no significant difference
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Optical Reflectance Data— Using STARR (Maria Nadel)
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S.

L SCM Images of Green-Gold Bicolor Pearlcoat at Different I ncident Laser Wavelengths

Green light (543 nm) Blue light (488 nm)
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Green light (543 nm) Blue light (488 nm)
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/ __SUMMARY__ \

o LSCM ispowerful tool for characterizing coating microstructure
e Microstructure-reflectance linksfor modeling
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