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1 Introduction

The interaction of light with matter can result in one of three wave behaviours: absorption,
reflection and transmission. Different objects have a tendency to selectively absorb, reflect or
transmit light of certain frequencies, see Figure 1.

Incident Reflected

Emitted
~\ /7

\\\ Absorbed

|
\ Transmitted

Figure 1. Absorption, transmission and reflection

The electrons, atoms and molecules have specific allowed energy states. When a light wave
with an energy that corresponds to the difference between two allowed states impinges upon
atoms or molecules, the energy state might be changed into a higher excited state. Thisistrue
for radiation throughout the electromagnetic spectrum.

E> Unoccupied state

hvw>

E: L Occupied state

Figure 2. Excitation of electrons

In the excited state, electrons (Figure 2) and atoms might interact with neighbouring atoms in
such a atoms manner that the excited energy is converted into thermal energy. Consequently,
the light wave is absorbed by the object, to be never released again in the form of light. So,
the selective absorption of light by a particular material occurs because the frequency, hence
its energy, of the light wave matches the difference in the energy levels of the electrons in the
atoms. Since different atoms and molecules have different energies of excitation, they will
sdlectively absorb different frequencies of light.

Reflection and transmission of light waves occur because the frequencies of the light waves
do not match those frequencies of the object. If the object is transparent, then the energy of
the eectrons is passed on to neighbouring atoms through the bulk of the material and
reemitted as a light wave on the opposite side of the object. If the object is opaque, then the
energy is not passed from atom to atom through the bulk of the material. In this case the
electrons vibrate for short periods of time and then reemit the energy as a reflected light wave.
Such frequencies of light are reflected.
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Reflection smooth surfaces leads to a type of reflection known as specular reflection.
Reflection from rough surfaces leads to a type of reflection known as diffuse reflection see
Figure 3.

Figure 3. Specular and diffuse reflection.

A cluster of many small particles, each of which reflects and/or transmits light, all together
will scatter radiation in all directions. The particlesmolecules that scatter light are called
scatterers.

The scattering from molecules and very small particles (< 1/10 wavelength) is predominantly
Rayleigh scattering. Rayleigh scattering can be considered to be elastic scattering since the
photon energy of the scattered photons is not changed. For particles sizes larger than
wavelength, Mie scattering dominates as shown in Figure 4.[1]

Scattering in which the energy is exchanged with the scattering objectsis termed inelastic and
isreferred to as Raman scattering (Figure 5). In Raman scattering, the energy is shifted by an
amount equal to the change in vibrational energy of the material through which the radiation
IS passing.

Figure 4. Rayleigh and Mie scattering



FOI-R--1256--SE

Virtual state — I ______ —
Rayleigh Raman
scattering scattering
V=V VEVgV
hv'
\ 7 |
hv 7 hv' |
_D% o
/ \ n=3
hV"
n=2 hv
n=1 hv v
n=0 hv \ 4

Figure 5. Raman scattering and Rayleigh scattering

1.1 Reflecting and low infrared emitting coatings for defence use

Military objects have been camouflaged in a variety of different ways, which have the effect
of making the object blend in with its background. For visual purposes, paints have been
employed with a colour and finish to match the surroundings. It is also necessary to reduce
infrared emission to a level where the camouflaged object has a similar emissivity to its
background. For example, vegetation typically has an emissivity of about 0.5-0.6. The
radiation bands of interest are apart from the visual, the near infrared NIR region between 0.7-
2.5 pm, and the thermal infrared TIR region between 2.5-15 um. In the far infrared region
between 15-50 um military sensors are rare.

The electromagnetic wavelengths which characterize NIR and TIR radiation permit the use of
thin (afew microns) coatingsto control absorption and reflection of radiation in these regions.
The manner in which pigments and binders contribute to the spectral properties off a surface
is important in formulating suitable coatings in desired spectral regions. Coatings can be
designed to increase the reflection of incident radiation in the infrared region while retaining
the visible properties of colour and gloss. The increased reflection reduces the apparent
surface temperature and thereby lowers the energy requirements for cooling. In other
instances, paints may be required to reduce the emission of thermal infrared radiation and
shift infrared emission to other chosen wavelengths. For example the risk of detection can be
reduced by only emitting radiation in the 5-8 um region, where military sensors are not
efficient due to the high atmospheric absorption. Coatings may also be formulated to combine
reduced emission in the thermal region with reduced reflection in NIR bands used for laser
detection. For windows in, for example, a cockpit it is desirable to transmit visible light while
preventing the transmission of other infrared wavelengths.

The next generation of camouflage coatings requires new formulations that have controllable
reflection, transmission, scattering and absorption/emissivity in a broad spectral region. To
achieve this it is necessary to investigate which parameters are possible to control. How the
emissivity is affected by the size distribution and physical shape of the pigment, and the
choice of material must be investigated.
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1.2 Control of optical properties

The colour of a coating is normally established for cosmetic or camouflage requirements.
Camouflage of defence equipment in the visible waveband has traditionally been achieved by
the use of dark coloured low gloss paints. These paints are commonly formulated with carbon
black, which is a strong absorber of solar radiation and reduces visual and laser detectibility in
the NIR. However, paint composed by carbon black[2] have high emissivity and therefore
strongly emits thermal radiation. That means that surfaces coated with such paint are easy to
detect in the TIR region.

A number of metal oxide coatings applied to metal substrates combine high visual and NIR
absorption with low emissivity in the TIR, as thin oxide layers absorb short wavelength
radiation but are transparent in the longer infrared region. These absorption characteristics act
to reduce the chance of detection in the visual, NIR and TIR regions. However, heat build up
may be a problem as the energy emission is prohibited. This problem could be addressed by
allowing the energy to be emitted outside the atmospheric windows, e.g. 5-8 um.

Highly conductive materials e.g. metals, do not allow electromagnetic propagation at optical
or infrared frequencies. Paint with low thermal emissivity is usually formulated with metal
pigments. Flaked metal pigments are commonly chosen because they have large flat surfaces,
which maintain high reflectivity compared with smaller metal particles.

However, metals in the form of very small particles will allow the passage of decaying
electromagnetic fields, and because of their high absorption, the emissivity of paints
containing such particles is higher than that of a metal surface. These small particles will also
provide diffuse multiple scattering, particularly when the particle size is close to the incident
wavelength. Thisisthe basis of the action for pigments called metallic blacks.

Scattering of visible and infrared radiation by a pigment is a function of the refractive indices
of the pigment and the binder in which the pigment is dispersed. The refractive index of
commercial pigments varies between 1.4 and 2.8. The scattering power of a pigment for white
light is calculated by dividing the refractive index of the pigment by that of the binder.
Pigments with scattering power well above 1 are called hiding pigments since they hide the
substrate and modify the reflectance curve of the coating. Red iron and titanium dioxide are
among the most effective hiding pigments, with values of 1.9. Extender pigments, for
example silica, have values below 1.1; they scatter light poorly, do not alter the shape of the
reflectance curve but do modify the reflectivity.

Common organic binders have refractive indices between 1.45 and 1.5 that means changes in
scattering power cannot be achieved by the choice of conventional binder. For a fixed value
of the scattering power m the wavelength most efficiently scattered by a particle of diameter d
isgiven by Equation 1[3]

a=9 (1)
K

in which
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e 0,9(m* + 2)
nz(m? —1)

2)

In equation 2, n is the refractive index of the binder in the paint. To scatter thermal infrared
radiation, particles of several micrometers in diameter would be required. Pigment that is
transparent in the visible region but reflective in the infrared can increase the infrared
reflectance without affecting the visible colour of the coating.

10
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2 SEM and optical analysis of pigments

In this report we will describe the optical properties of pigments made from three different
categories of materials (insulator, semiconductor and conductor), from the point of view of its
physical morphology using spectroscopy and SEM. M easurements were made on pigmentsin
the form of powder. These characterisations have been preformed on untreated pigment as
well as on pigments heated to 200 °C in 5% H, in Ar for one and a half hour.

The size and the structure of the particles were characterized with a LEO 1550 FEG Scanning
Electron Microscope (SEM). Their VIS and IR properties were characterized using a Varian
Cary 5G for wavelengths 0.4 to 2 um, and a Bruker IFS 55 for the wavelengths 1.6 to 25 pm.
The diffuse reflection was collected by using integrating spheres with these spectrometers.
The reflection values were calculated according to R=(I/lp)*Ro were | is the reflection signal
from the sample, I from a standard reflectance and Ry the reflection of the reference.

2.1 Insulators

In adielectric material the electrons are normally not elevated to the conducting band, except
for very high energy photons, hence it is an insulator. Examples of such materials are silica
and other oxides, as well as other solid ionic compounds. Many organic materials are also
insulators such as polyethylene.

Incident beam Reflected beam
No
Ny Refracted beam

Figure 6. Electromagnetic wave crossing the border between two diel ectric materials, ny with a higher
refractive index than nq,.

The electromagnetic field penetrates through the material with reduced velocity. The factor
with which the velocity is reduced is called the refractive index of the material. At the
interface between two dielectrics a part of the electromagnetic energy will be reflected,
another part will be transmitted with a change in direction (refraction) see Figure 6. In
materials with absorption the refractive index have en imaginary part not equal to zero.

In this work cenospheres exemplifies a dielectric pigment see Table 1. Cenospheresis a solid
waste product obtained in large quantities during the burning of e.g. fossil fuel and coal. It
consists of fine hollow spherical particles and the composition is somewhat variable, but the
principal constituents are aluminum oxide and, silicon dioxide. The cenospheres were
separated into different sizes by passing through sieves having different mask density.

11



FOI-R--1256--SE

M easurements were done on four different size distributions, 20-36, 36-45, 45-63, and 63-80
pm.

Table 1: Investigated cenospheres

20-36 Trelleborg Fillite Limited Partly crunshed
36-45 Trelleborg Fillite Limited
45-63 Trelleborg Fillite Limited
63-80 Trelleborg Fillite Limited

2.1.1 SEM Analysis of Cenospheres
The particles were characterized with a scanning €l ectron microscope (SEM).

Duw 3 113002
mIiann

X imle
M- 175X | | W= mm Penmbs =4y

Figure 7. SEM pictures showing the size distributions of cenospheres. a) 20-36 pm, b) 36-45 pm, c) 45-63 um,
d) 63-80 um

The four images in Figure 7 show that the different sizes of the spheres are as expected, but
the morphology varies considerably between the smaler and the bigger particles.
Investigation of not sieved, different size, spheres in an ordinary microscope showed that all
the particles were unbroken. This implies that the separation in the vibratory sieve shaker
destroy the smaller cenospheres.

12
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2.1.2 Reflectance Analysis of cenospheres
Visual spectroscopy

——20-36 um
——36-45 pm
45-63 pm
63-80 pm

Reflectance

0 T T
0 1 2 3

Wavelength pm

Figure 8. Measurementsin the VIS and NIR region on different size distributions of cenosphere powder

Figure 8 shows the reflectance, in the range 0.4-2.5 um, of cenospheres with different size
digtributions. The spectra from cenospheres is very similar to that of quarts sand, with the
reflectance increasing in the visual range and leveling in the NIR. The reflectance should in
this case be enhanced by backscattering, in a similar manner which makes sugar and salt look
white. Individual cenosphere particles are transparent and thus, light will be transmitted
trough many layers of particles, where reflections will occur at each particle inteface. This
backscattered reflectance will take place in the spectral range were the particles transmit. This
isillustrated in Figure 9. The backscattering efficiency will increase if the difference between
the refractive index of the particles and the ambient medium increases, which is the case for
silicon powder presented in chapter 2.2.

Figure 9 Principlefor backscattered reflectance for transmitting particles.

13
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I R spectroscopy
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Figure 10. Measurement in the | R-region on different sizes cenospheres powder

As can be seen in Figure 10 the reflectance was found to be rather low and almost the same
for al the different size distributions of cenospheres in the region between 5-15 pm. The
reason for the broad absorption bands in the thermal infrared region can be explained, since
the cenospheres mainly consist of silicon dioxide (SiO,) and aluminium oxide (Al,Os3). Both
of these oxides give rise to strong absorption in this region, which will reduce the
backscattered reflectance mentioned above. In the region between 2-5 um the reflectance
level is different for different particle sizes. Particle size distributions between 36 um and 63
pum have the highest reflectance values. The peak at 3-3.5 um derives from O-H groups on the
oxides. The small peak at about 4 um is due to atmospheric CO, in the sample chamber.

2.2 Semiconductors

The electrons in semiconductors are normally bound, like in insulators. By adding a limited
amount of energy, electrons can be transferred to the conduction band, giving the material
conductive properties. For photon energies higher than the bandgap, a semiconductor is
opague. The bandgap of silicon corresponds to 1.1 um in the NIR, thus wavelengths longer
than this will be transmitted. However, semiconductors usually have very high refractive
indices, hence their refractive power is high and they are therefore strong candidates as
efficient IR-pigments. In thiswork Silicon exemplifies a semiconductor.

Table 2 I nvestigated silicon powders.

0.07-0.10 Alfa Aesar Crystalline 98%

1-2 Alfa Aesar Nodular 99.999%

<50 Good Fellow 99.998%

50 Aldrich 99% (-325 mesh)
150 Alfa Aesar crystaline 99,9% (-100 mesh)

Measurements were carried out on five different kinds of silicon powder, from different
suppliers, shown in Table 2.

14
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2.2.1 SEM Analysis of silicon

Figure 11 shows plane view SEM images of silicon pigments, with the size distributions a)
0.07-0.1 um, b) 0,07-0.1 um after heating in air. There are no observable difference between
the pigments before and after the heat treatment.

3 o
Signal A= InLens  Date :24 May 2004
Mag = 6000KX | —] PhotoNo.=65  Time :9:54

a) b)

Figure 11. SEM plan view images of a) untreated 0.07-0.1 um Si pigments b) 0.07-0.1 um Si pigments after
heat treatment at 200<C

200nm EHT = 5.00 kv Signal A= InLens  Date :24 May 2004
H WD= 4mm Photo No. = 64 Time :9:51

Mag = 60.00 K X

The pigmentsin Figure 12 are supposed to have the same size distribution. The SEM pictures
clearly show that the physical shape of the pigmentsis quite different.

;—.@Q‘ » ~, N Bl 3&'&

10y Signal A= InLens  Date :24 May 2004 um 5 Signal A= InLens  Date :24 May
Mag= 200KX  |——] WD= 4mm PhotoNo.=66  Time :9:56 Mag= 200KX  |——] WD= 4mm PhotoNo.=68  Time :10:00

Figure 12. SEM plan view images of a) 50 um S pigments from Aldrich b) 50 um Si pigments from Good
Felow

4

F 7 e o B o KB 1 r S e 4

Figure 13. SEM plan view images of a) 150 um S pigments from Alfa Aesar

15
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2.2.2 Reflectance analysis of silicon

Visual spectroscopy
Figure 14 shows the results of reflectance measurements in the wavelength range 0.4-2 um on
silicon particles of different size distributions.

Si
100
— Si 0.07-0.10um
90 .
— Si 1-2um et
80

Si <50um GF

70 H Si <50pm A // 7'4
60 11— Si <150pm

0 v s

40 / / /
i’ e —

10 ’F - =
0 T T T T T T T
400 600 800 1000 1200 1400 1600 1800 2000

Wavelength [nm]

Reflectance [%)]

Figure 14. Reflectancefor silicon particles of different size distributionsin the visual and NIR range.

The smallest particles (0.07-0.10 pum) show a low reflectance in the visual domain that
steadily increases as it approaches the NIR region where it levels at a rather high reflectance
close to 90%. The 1-2 um and 50 pum (GF) size distributions show approximately the same
wavelength dependence of the reflectance, only the larger size has a higher over all
reflectance. On the other hand, the size distribution of two of the samples is very similar, 50
pum (GF) and 50 um (A). However, the reflectances of these samples differ remarkably. This
difference can be explained by the different form/structure of the pigments, compare with the
SEM resultsin Figure 11.

I R spectroscopy

M easurements were performed on the different Si powder samples in the 1.6-25 um range
using an integrating sphere. The results are presented in Figure 15. The high reflectance of
small silicon particles is due to back scattering of light, which is efficient in the part of the IR
region where silicon transmits well and absorption is low. The main absorption features
normally present in pure crystalline silicon is caused by phonons, i.e. collective vibrational
modes of Si lattice atoms, and localized vibrational modes interstitially positioned oxygen
(G1). Phonon bands are present in the region 6.8-17.6 pm, with the main peaks positioned at
about 11.1 um, 13.4 um and 16.3 um (strongest). These bands are present in most of the
spectra in Figure 15 O; gives rise to a strong band at 9.0 um and a weaker at 19.4 um.
However, these bands are in this case absent or hidden by bands related to SO and SIO,, with
strong bands at 8-10 um and weaker bands at 11.5-12.5 pm and 22-25 um. The dominating
SO band is positioned at about 10 um while these related to S O, are in the 8-9 um region.

16
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A native SiO coating of about 30 A is naturally occurring on a Si surface. This will grow in
thickness upon heating in oxygen ambient. SO will transform to SiIO, upon heating above
temperatures where the oxygen atom is mobile and is able to diffuse, i.e. above ca 350 °C. As
X in SiOx increases from 1 to 2, the band at 10 um will gradually shift towards shorter
wavelengths. The SIOx may also appear in the bulk of Si as a defect formed by heating, due to
the precipitation of O; atoms.

Wrr——T 7T T T T T T T T
Si, 0,07-0,1 ym | |
Si, 1-2 pm
Si, <50 pm (GF) | H
Si, <50 um (A)
Si, <150 pm

08 - /}

0,6 -

Reflectance

04 |-

0.2 |-

ool — 0 00 1)
2 4 6 8 10 12 14 16 18 20 22 24

Wavelength (um)
Figure 15. Spectra of silicon powder with different particle sizes

In the region 1.1-9 um there is normally no significant absorption present in silicon. In this
case intense bands are present at about 3-3.5 pum and 4.5-5 um. The broad band at about 3 um
is related to Si-OH, while two sharper bands at 3.4 and 3.5 um are probably related to N or
CH complexes. The bands in the 4.5-5 um region are caused by Si-H vibrations. These
complexes also have several other weaker bands in the 6-14 pm region.

From these observations we may assume that the silicon particles have been exposed to heat
in awet atmosphere. Also, organic complexes due to dirt may be present.

A particle size dependence is present as well in the spectra. The smallest sized particles have a
stronger reflectance as compared to larger particles for shorter wavelengths, while the
opposite appears to hold for longer wavelengths. There also seems to be a surface structure
dependence. The Aldrich 50 um powder deviates from the rest according to the SEM pictures
showing a more irregular structure. From Figure 15 it seems like this gives rise to a
comparatively low reflectance, probably because it affects the back scattering efficiency.

2.3 Conductors

Metals have free valence electrons. The electron cloud reflects an incoming electromagnetic
wave with a frequency below the plasma frequency of the metal, which usualy isin the
ultraviolet region.

17
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Table 3. Investigated silver powders.

05-1 Alfa Aesar 99.9%
<20 - -
>20 - -

M easurements were carried out on untreated and heated silver particles of three different sizes
listed in Table 3.

2.3.1 SEM Analysis of silver

Figure 16 shows plan view SEM images of silver pigments. Analyses on three different size
distributions have been carried out. From the SEM picture, Figure 16, it can be observed that
silver pigments with the size distribution 0.5-1 um agglomerates during the heating probably
due to sintering. Sintering occurs in a controlled-atmosphere furnace where the pieces or
powders are heated to a temperature close to but not at melting. Thisis done so that particles
may bond by solid state bonding, but not melt. One factor that influences the sintering
reactivity is surface oxidation. Most metal powders will oxidize to some extent when they are
exposed to air. The surface oxide layer that is formed this way inhibits sintering. The particle
size is very important for sintering reactivity; finer powders have a higher sintering reactivity
than courser powders.

18
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Figure 16. SEM images of silver pigments with the size distribution 0,5-1 um. a and ¢ show images of
untreated pigments at different magnification. In picture b and d the silver pigments are heat treated at 200
T in5% H,in Ar for one and a half hour

In Figure 17 and Figure 18 it can be observed that silver pigments, with the larger size
digtribution, have similar physical appearance before and after the heat treatment.

o
EHT = 5.00 kv Signal A=InLens  Date :1 Apr 2004
Mag= 1.00 KX '_1 WD = 4mm Photo No. =235  Time :11:18

S S . TET

Figure 17. SEM images of silver pigments with the size distribution < 20 um. a) show untreated pigments. In
picture b) the silver pigments are heat treated at 200 € in 5% H, in Ar for one and a half hour.

20um EHT = 5.00 kv Signal A= InLens  Date :1 Apr 2004
— WD= 4mm PhotoNo.=234  Time :11:16

Mag= 100KX
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Figure 18. SEM images of silver pigments with the size distribution > 20 um. a show untreated pigments. In
picture b the silver pigments are heat treated at 200 T in 5% H, in Ar for one and a half hour.

2.3.2 Reflectance analysis of silver
Visual spectroscopy

For all sizes the heated samples show higher reflectance than in the untreated case. The reason
for this is that by heating the sample it is purified, whereby it receives higher reflectance. In
the sample with particles >20 um though, the difference between the untreated and heated is
very small. On the other hand, the reflectance increases with the size of the powder/particles,
due to the increased flatness of the surface.
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Figure 19. Reflectancefor silver particles (> 20 um) in the visual and NIR range
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Figure 20. Reflectancefor silver particles (< 20 um) in the visual and NIR range
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Figure 21 Reflectance for silver particles (0.5-1 um) in thevisual and NIR range.

| R spectroscopy

Reflectance spectra of untreated and heated Ag powder of different sizes (
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Table 3) are shown in Figure 22, Figure 23 and Figure 24. According to these figures, in
untreated powder vibrational bands can be found in the regions 3.3-3.5 um and 6.5-7.5 pum
and around 9 um. A band related to atmospheric CO- in the sample chamber is positioned at
4.2 um. The origin of these bands should be from organic compounds like CH complexes. As
expected these disappear during heat treatment, asin the figures.

The spectrain Figure 19-22 show a clear powder size dependence on the reflectance level. A
small sized powder has alower reflectance as compared to larger particles.
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Figure 22. Reflectance of untreated and heated Ag powder with size distribution 0.5-1 um

07—

0.9 B Ag powder, <20 pm
L —— Ag powder (heated), <20 um
08 4

0,7 -

05 |- 4

Reflectance

04 L .
03}k 4

0.2 |- .

01 B

0,0 1 L 1 L 1 L 1 L 1 L 1 L 1
2 4 6 8 10 12 14

Wavelength (um)

Figure 23. Reflectance of untreated and heated Ag powder with size distribution <20 um
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Figure 24. Reflectance of untreated and heated Ag powder with size distribution >20 pm
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3 Conclusions

The reflectance properties in the visual and IR have been analyzed for different pigments
concerning the size distribution, the physical shape as well as material compositions. As a
consequence we have increased our knowledge in this field, in order to be able to choose the
right kind of pigment for each particular application.

Cenospheres show a fairly high reflectance up to 5 um, but in TIR their reflectance is very
low, due to absorption from oxides. However, this disadvantages can be dealt with by coating
the cenospheres with a metalic layer to improve the reflectance. Some experiments have
already been done on this[4]. Their low weight is an advantage for air and space applications.
Another advantage is their well specified spherical shape, which makes them ideal as model
pigment.

The high reflectance from both cenospheres and silicon is due to backscattering, since they
both transmit in various wavelength ranges, and their reflectance is limited, because they
absorb due to the presence of oxides. The maximum reflection is particle size dependent. Our
results for cenospheres and silicon indicate that, small particle give rise to high reflectance at
short wavelengths, while larger particles cause high reflectance at longer wavelengths. An
exception is the smallest cenospheres, which were crunshed during the separation and
therefore have another shape. They can on the other hand be compared with the silicon
pigment of size <50 um from Aldrich, that have a irregular shape with gives a lower
reflectance. Seemingly an irregular shape givesrise to lower reflectance.

The absorption features in silicon due to various defects could be avoided by more careful
production process or by heating, in order to remove impurities. It might be more difficult to
completely reduce the oxide band in silicon. However, it might be possible, by dispersion at
high temperatures to reduce or modify these oxides. Heat treatment of silicon particles to
remove impurities should be performed in a similar way as was done on silver particles.

For metals the reflectance is lower the smaller the particles. Thisis contrary to the results for
semiconductors and insulators. For bulk metals there is no transmission, only reflectance
within the investigated ranges. For insulators and semiconductors, the light can be partly
transmitted, and reflected on more surfaces. For metal particles, however, turns out to be more
like a smooth flat surface as the particles becomes larger, whereby the reflectance increases. It
is well know that a metal layers thin enough (<100 nm) can have some transmission. For
small particles, there might be some transmission. Also, the absorption is probably higher
among the small particles, because of the larger surface area.

Three factors influence the reflectance properties of a pigment; particle size, physical shape,
and material composition. This knowledge gives us the opportunity to design a pigment that
gives desired reflectance properties. One obvious application for these pigments is paint for
signature management where high reflectance in the infra red combined with low reflectance
in the visual isdesired. Another application is paintable displays.
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4 Future work

It is wished that future work includes a greater variation of particles, sizes and physical shape,
to achieve greater knowledge of optical properties and context of everything. It would also be
interesting to study the influence of coating of different thicknesses on (cenospheres) particles
of different sizes and of different materials. Are there any thicknesses where the reflectance is
independent of the particle size? For which coating thickness does the metal coating
properties dominate over the substrate properties? Further, a greater exchange with theoretical
modeling on the impact of physical shape on the reflectance isimportant.

It is possible to control the reflectance by using thermo- or electrochromic pigments, which
change reflectance when the temperature or the voltage is changed. Another possibility is to
control the optical properties of the binder by using for instance conducting polymers.
Furthermore electrophoreses of pigment particle can be used to control reflectance properties
of pigment in asimilar way asto electronic ink. In the near future thiswill be studied.

Earlier pigment studies have been made to accomplish alow emissive paint. The pigment has
then been mixed with a binder. Some work has already been done in this field[5], i.e. to
understand how a binder contributes to the total/overall reflectance as well as how pigment
and a binder interacts on a surface. More effort must be put in to this field though.

Most of organic resins or binders are free from strong absorption in the visible and the NIR
region and can be used for many applications in this part of the spectrum. However, in the
TIR region, organic resin/binders show strong absorption bands due to molecular vibrations
of their functional groups; bands near 3,3 (C-H stretch), 5,7 (C-O stretch), 7.0 (C-H bending)
and 8,0 (C-O stretch) are usually prominent.

In the future we will try to avoid this problem by choosing binders which do not contain
common functional groups. Poly(vinylidene fluoride) resins are amost transparent to and
unaffected by solar radiation, and have only weak absorption in the TIR region[6]. They have
excellent weather stability and show great promise for tailored infrared coatings. Dimethyl
silicone resins have emittance values lower than those of fully organic resins and have been
used for low emittance coatingg] 7]. Inorganic silicate oligomers form polymers which contain
only silicon-oxygen bondg 8], these resins show low emittance exept for aband near 9 um.

Combined with appropriate binder these pigments have potential for design of adaptable
materials. Such material combinationswill be further studied within the project.
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