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There is growing interest for so called
“smart coatings”, using nano particles and
atmospheric web coating technology. The
wery small light scattering of nano particles
is the main driver for their use in optically
clear films with special functionalities, and
a broad range of applications exist. The use
of nano particles in solar control window
films is given as an example, along with the
performance comparison between nano
particles in web coating technology, as
opposed to vacuum wet coating.

Introduction

Mar particles can add special propermes 1o
window films, while thewr small size makes them
imwrsible for the human eye, A good exampleis
that of nana partiches providing light-and heat
control when incorparated in the window film
construction. The major criteria for using nano
particles in spectrally selective solar contral

film are

1) High transparency in the visible ight spectram
ZAbsorption in the IR

Bath critena will be explained in thas article
in viewr of obtaining a solar control window
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film. The performance and the properties of
Ultra Performance 75 (UP75® with embeddead
nang partiches are ghven as an example. This
new technology based on heat absorption

by nano particles will be compared to the
existing reflecting technalogy, achieved by
vatuum deposition of metal lyers and stacks.
A compariscn will be mace with a high end
commercial ahermatne sotar control film based
on an IR reflecting stack, L.e. Hilie™*

High transparency in the visible range of
the electromagnetic spectrum

Micron range size particles tend to cause haze
because of scattering but smaller particles not
absarbing in the visiie become transparent.
Mig's theary aflows the transmission of a layer
of nan-absorting spherical nano pamcles ina
potymiEtc matri 1o be calculated. Fig, 1 shows
the transmission in the visible range of the
elactromagnetic spectrum for spherical nano
particle of different size. The smaller the nano
particle, the more transparent the resulting
coating will be. Simillarky, one can calculate that
nana partickes with higher refractive index,
reqquire smaller partiche size 1 obtain the samsa
high transparency,
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Figure 1 Theoretical transmission as function of
wavelength calculated using Mie's theory

Absorption in the infrared range of the
electromagnetic spectrum

Conducting nang particles exhibit surface
Plasrman resonance absorption caused by

the excitation of surface Flasmons (collective
oscillations of free electrons at the surfacel. To
avoid Impact on the visual transmission, the
resonance wavelength should not be inthe
visible part of the electromagnietic spectrum, as

ks the case with noble metal nana particles, lika
Agand Au. Materiale of interest have moderate
densties of mobile electrons so that they absorb
in the infrared range of the electromagnetic
spectrum, The best known nano particles foe (R
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absorption are M0, ATO and LaB6, Fig. 2 shows
fiterature data on the conductivity related 1o the
Plasman abscrption peak for several materials

Figure? Graph illustrating the relationship
begween the Plasmon abscaption peak
wavetength and the conductivity for some
spherical nang particles, ATCL ITO and LaBe
absorb in the IR range of the electromagnetic

spectium, Ag and Au absorh in the visthle range,

For sphetical nano particies, the absorption peak
also depends on the medium, and also shifts to
Kenger wavelengths if the shape of the particle
deviates from spherical 1o ellipsoidal
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Parameters characterizing the
performance of spectrally selective
window films

Transmission and reflectance data of glass
Instalied with a window film ane misasumd

wilh a spectrophotornetes and further wsed to
calculate the performance paramietens wsing CEN
methooology and LENL Window software, The
roosl important parameters are

*  TheVisual Light Transmission (VLT the
waighted average of the transmittance over
the entire visual wavelength range (380 nm
to 780 nmil. The weighting furctions are the
spectrurm of the luminant (g, A C, D65, .. )
and the CIE standard color matching
functions,

*  The total solar ransmittance, refleciance
a5 observed foem the outside (from) and
absorptance, (Tsol, Rsol, Asoll weighted
averages over the entire LVAIS/NIR range
(300 nm to 2500 nrm). The wisighting
function is the solas spactrum at sea level.

& The Solar Heat Gain Coefficient (SHGCK the
fraction of incident solar radiation admitted
through a window, both directly ransmitted
(Tsoll, and absorbed and subsequently
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released inward by means of convection
and radzation

*  The Shading Coefficlent (5C) the ratio of the
toial solar heat gain through a specific
window to the total solar heat gain through
a single sheet of 3 mm double-strength glass
under the same set of conditions.

*  The Total Sclar Energy Rejected (TSERK the

totad (dinect) solar reflectance plus the part

of the total (direct) solar absorptance relessed
outward by means of convection and
radiiation (100 SHGC + TSER = 10056).

*  The Light-to-Solar Heat Gain ratio (LSHGCY
the ratio between VLT and SHGC |2 2 gauge
of the relative efficiency of differant glazing
systens in transmitting daylight while
blocking heat gairs. The higher the ratia, the
beighter the room s without adding excessive
ameunts of hoatr. Typhcally > 1.2 fora
spectrally selective solar control window filrn,
and < | for ather solar controd window fitms

Performance of the new Bekaert
spectrally selective automotive
window film, UP 75.

Using the technology of IR absorbing nang
particles, Bekaer Specialty Filrmg LLC has
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designid a new spectrally selective window film,
the Liktra Performance film, UP7S. The

spectral trarsmittance and reflection of a 3 mm
clear glass installad with this window film is
shown in figure 3
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Figure 3 Spectral transmittance and refiectance
of 3 UP75 film installed an 3 mm cléar glass

The LY radiation (< 380 nmj is entirely blocked
using a window film. In the visible range, the
tranamission is very high (VLT 75%) but decreases
sharply in the IR {800-2500 nim)

As a result, this film has an infrared rejection of
808 due 10 a combination of ITO and ATO nang
partiches in the film, Fig, 4 shows an example

of the nano particles size in the UPTS film,
obtaned using atomic force microscopy and
particle/particle counting software. The average
diameter of the partiches, using this methodology,
Is 32 nm

o -

Figure 4 Partiche size and counting image based
on AFM analysis of the nano particle layer in LUPTS

How does this film compare to the

high performance spectrally selective
reflecting films?

The commescially available retro-fit film with
the highest spectrally selective performance fior
architectural applications is Hilite®, a spectrally
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selective fitm based on a multilayer stack formed
by nang layers of vacuum deposited coatings of
Ay and TiCw

Fig. 5 shows its spectral transmittance and
reflection on 3 mm clear glass. Compared to
LIFTS (fig. 3 it s ciear that the high IR rejection
of Hilite® is based on the selective reflection
wherneas the UPTS film absorbs the

IR radiation
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Figure 5 Spectral ransmittance and reflectance
(bath front and back reflection) of Hilite® installed
on 3 mam clear glass

Table 1, compares the parformance properties

of bath Ailm technologies, The reflecting
technoiogy remains the best opton if there are
concerms for glass breakage due to thermal steess
[the solar absorption for the absarbing Alm is

riearly twice that of the reflecting film). Therefione,

Hilipe® remaing the best spectrally salective film
in the marker, but the IR absorbing LIPTS offers a
good performing and lower cost altermative fos
Hilite™ in cases where thermal stress in the glass
PANES i5 T 1551,
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Summary and Conclusion

For opticalty clear flms such as window films, the
Qrosing INTerest 10 use Nano parncle Ci'_‘liTll"l;}‘S-
results froim the ability of these small partiches to
add functionalities whike remaining optically clea)
and tramparent. Asexample the nano particle
ing solar control window film UP 75,

contai
was demonstrated, This film is able to neject
£99% of the IR heat while maintaining high
visual transmission

The working principle is based on the selective
IR absorption of the nano particles in thes ilm
Other spectrally selective films are based on 1R
reflaction, created by metal/dielectric stacks that
are deposited wsing vacuum echnologies,

The cormparison of the best films of bath
technologies indicates that these |5 a dissimilarity
n pefformancd cdue o the inhenem differences
of heat absorption versus heat reflection,
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