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Optically Variable
Pigments from
Dielectric

wl” ver the Lust decade, several new pigmenis made frome optical Tavers of
metals and dielectric layers, which fit the general term ol optically vasiable
pigments (OVPs), have bren commercialized. These pigments generate high
chroma ane veder lravel, dramalic changes in color ac dilferent angles of ilh-
mination, and viewing to produce fascinaring color etfects in coalings, plas-
tics, and cosmetics. Advanies in their development have resulted in high
chroma color shilting pizments, with greater wiilivy andd impact, This article
will focus on dielectric lavers for generating optically variable eflects, presend
some basic strcture appearance relationships, and cover some examples of
application andd perfurmance in coatings.

The mechanisms ol color generation and color wavel of dielecitic apti-
cally variable pigments are ditterent from waditional pearlescent pigments
that derive their color from the interference of Tight reflected from thio film
of high refraclive index materials.' Lhese taditional ellect pigments generale
an intense specular. or mivror reflection colon and at aspecular angles lose
their color intensity. Viewing these pigments at different specular angles pro-
duces only 1 small change in their hue and loss of color at mear plirr
angles. This is demonstrated in Figure 1, which shows changes in a* and b*
relating to red-green and yellow-Dlue colors, respectively, with changes in an-
gle of illuminalion and viewing, The color travel for a tradilional blue inwer-
ference pigment is minimal, changing from a green shade to a red shade
blue as shuwr in Figute 1

Optically variable pigments, on the other hand, generale their calor
through the interference of light ravs reflected from interfaces between mul-
tiple layers of tterials dilTering in relraclive indes. mos diclecmic optically
variable pigments use a high-low-high refractive index layer sbuciuie relerred
to as an etglor or “starlk” siracture s
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Pigrnents witlt this siraciure show the traditional
chroma rechaction in moving itom the speaular angle
Lo aspecular angles of illumination and reflection.
Iowever, viewing the prigment at different specular an-
gles Tesults in intense hue shills, or color travel, with
high chroma, This is demeonstrated in Figure 2 by the
high-a* and Bb* values, which change from yellow.
green to violet, 1t is the low relractive index layer thal
provides the extended color wavel (or these pigments.

Color generation from these optically vanable pig-
ments is dependent on the wiaoive index of the mate-
tials being used as well as the thickness of the layers.
The high refractive index materials used are typically
metals swch as alurminuam, clwominm, or silver, or
metal oxides such as'Ti(}, or Te, 0., Low refraclive in-
dex materials used hawve been %10, or Mgl Contrel of
the layer thicknesses determines the color rmnge and
e, and cheice of malenals further detenmines the
color mavel as well as the pigment chroma. Layer thick-
nesses must be controlled to tolerances of several
nanometers or color congistency,

The optically varialite pigments fall imo two Droad
categonies: opaque and Lansparent.

OPAQUE OPTICALLY VARIABLE PIGMENTS

Opaque pigmems are those produced using a metal-
lic: refllecior that acts as a high relractive index layer
centered in the pigment (Fignre 4), Eramples of these
are structures with an incernal luyer of Al coated with
Mgk, us the low refractive index malerial fdlowed by a
partial mirroe of Croas the outer high vetraciive index
materal,

TRANSPARENT OPTICALLY VARIABLE
PIGMENTS

The ransparent class of optically vaable pigment
materials, defined as DOVE includes only dielectric
layers and has smne distinet advantages in thal they
can be used in dearcoats over Tight coloted basecoats
withoul contributing a diny appearance. Several differ-
COT SUUCtUTES are used w generate pigments with high
color travel. A tvpical stmctre consisis of a low relrac
tive index silica layer coated with a thin laver of highly
refractive TiQ),. The silica layer is an integral compo
nenl of the optical sLack, herefore changes in s thick-
ness contributes to variation in the pigment's cokor
travel {Tigure 5.

Another structure consists of a borosilicate substrate
with a high-low-high stack ol'li(}, and 8i(); these
structures are commercially available under the teade-
narne Firemist® Colormaotion Ty BAST, Although the
borosilicate has a losy refractive index, i does not play
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Figure 1—Traditional effect pigment color change with illumination
and viewing angle changes.

Calor Trawel for TIOL Crated Mice Inlefarsnce Figment

£
80 30 -19g 10 30
o \BOSEQ" I
26‘. \ —#— Spasular, o 207
36-- —8— el I |
\ \ Bypecular, 9 pe-5°

hir

4 4
L]

Iy
+3

asins
A A~

Eii ¢ 8

arole in the pigment's color development as it is some-
what thick. Precise control of the 510, layer thickness
assures that each platelet is virlually the same, magnily-
ing the rellection intensity of the pigment coating to in-
crease chroma in the application (Figure 6],

Blends of large sized pigments with high colar varia-
tinn create a contfetti-bike eilect due o sparial color res-
olution. The substrate-based dielecuic aptically variable
pigments with their large: size and imer-plateler color
consistency have a uniform color, which changes ar dif-
lerent angles of illuminaton and viewing.

The color travel plot of the samples shown in Figure
4, measured at specular angles using an IsoColor gn-
niospectrophotometer, demonsieates that color travel is
a property of the individual pigment particles and cun-
not be created with blends of different pigment colors.
The measured color of the inerference pigment blend
is the sum of (he three colors that tends towards a neu-
tral shade, The DOV pigiment shows a strong color in-
lensity at all speoular angles with large changes in hue
trom green-blue Lo rec.

Figure 2—Dptically variable pigment color change with Wumination
and wiewing angle changes.
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Figure 3--A typical diclectric stack structure of a Ti0,/5i0,/Ti0, used
as an optically variable pigment, veflacting green gt nommal Sneidence
and viewing angles, and shifting to vinlat at near-planar angles.
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APPLICATIONS AND PERFORMANCE

The platelet is thin enough 1o allow its vse in low
film baild liguid coating applications, such as coatings
[oor weletronics and packaging, yvef the parlicle size 13 big
enowgzh to create a sparkle effect in high film build ap-
plications lile powder coatings and screen printing. For
dramalic eflects, the pigment should be nsed over a
dark background to promaote only the intense interfer-
ence reflection colorn The wansmitted color is absorhed
inter the hackground. Applicaton owver o light back-
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Figure 4—35tack structure sumounding a metaldic rellector resulling W
an opague diglectric aptically wardable pigment.
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ground produces a highlight etfect due 1o the intense
reflection color combined with full mansparency to
show the lackground color:

The pigrent concentration can be varied depending
o1 the application: for both liquid and powder coat-
ings, a sufficent effect can be achieved by as low as 1%
pigment concentration Based o udal solids weighi;

2 5-5% will have a very Intense cobor and color ravel.

Another attribute of the borosilicate-based optically
varable pigrment is its ability 1o maintain color travel

Figure 5— Melecerc lavers for genesting optically variable pigments based
on Tif, coated silica platelet showing color variability due to thickness vari-
ations of the silica layer.
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Figure &—aAn opptically varable pigment based on B mickon-sized
boipsilicate substrate with high-low-high diclectric stack stroctuce
surmunding the substrate.
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Fiqure 7—#& DOVP [lell) wi. a tlend of red, blue, and gold borosilicate- Figure 2—D00WP compared taa blend of three borosilicate-based inler-
based interforence nigmenls (right). ference colar pigments.

Color Travel ¢l Bknd va. Dielentric
Ralkclor Pigments
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Figura 10—~Coler Lravel for a blend of DOYP and absorption colorant. Figure 12—D0WF {red to gold] mixed with an orange,

Colar Travel for a DOVE and a
Calorant Blend
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sure at 4070 with 100% homidity
S can provide 2 good dication
Hurmidity Exposure whether or not pigmenix will meet
testing requirements for antome

Table 1—color Changes for Effect Pigment Following

AL L= bt A tive applications,
Turguaise BOVP L i 15 0.4 -0.2 1% )
Turqeoise WP with surface Lrestment ..., .. ..., 0.4 0.2 -0.1 .5 Tables 1 and 2 show the cc:-l‘m
Traditional interference green 2.1 0 06 2l change for a surface-treated dielec-
Tiaditional interfergnce green with surface troatment . .-1.2 0.5 0.3 i3 e UPUE'H”}; variahle Plgment ver-

5% an untreated pigment using a
maditiomal mica-based imerierence
| preen pigment widely used in sutomotive CREM and re-
finish coatings ay a coniral, The dielecinc oplically wan-

Figure 12-—Colur changes for DOF vs. traditional interference pig- able pigroented (lm shows excellent color retenion

menL. ; N
AFE Afler 3 Haurs Exposura wlen tested with an appropniate treatment.
107G, 100%% Humidity] ) The gloss retention and appearance can also be im-
. T‘:L:““f’“ i | | proved by puiling an exlerior ireatment on these trpes
| Ui ith . o . Ly .
'ﬂ Surtarn: Trealsert ol pigmeints, as fabfe 2 shows, With the extexfor treat-
@ N TSl ilesfesonar - ment, the coating [ilm will have higher gloss retention
. e D bl ttertevain and lexss dullhess Increase during testing,
- i Cireanwerh Sudace
/ _ Treasmen:
1
) SUMMARY
R |

lligh chyoma, color changing pigments have been

Test Sample available for more than a decade. Nesw Dorosilicate sub-
slrale-based pigments generate higher chroma, greater
- - - | impact, and have good durability for 4 wide range ol
when used with absorption pigments instead of berom- applications in high performance coatings, from
iug lost, as happens to some pigments of this type. An Leletronics 10 aulomaotive refinishes.
example shown in Figure 11 1 2 violet-red-gold dielec-
tric oplically variable pigment in use with an orange ACKNOWLEDGMENT
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coatings. The performance of the plements can be en- applications laboratory [or their sopport in this project @
hanced with a surface treatmeni 1o snit extenor applica-
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Appearance Changes of Effect Pigments Following Humidity

20% Glass Celiness
Retentlon (%)  (Initlal/Finad) App e
Tuerg Uize BOVE ad 55/58 Yery slight wrisklingfading
Turquoise DOVP with suface treatment a4 57/58 Hn chang:
Traditional interference graen &6 el Yery slight wrinking
Tiadilional interferenne groee with suraco tregbment jilis] 23721 Mo changs
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