HENERERT 1 JLL (ICE-u) ORI

Development of Heat-Shielding Film (ICE« p) for Electric Automobiles
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Abstract

One response to global warming has been the electric au-
tomobile with power provided by renewable energy sources
such as wind, hydro, geothermal, and solar energy. But a
drawback is its maximum range of only 200 km, even with a
full charge. If an air conditioner or a heater is operated, the
range is even shorter.

One way to mitigate the power drain of such electrical
equipment is to increase their efficiency by controlling the
penetration and escape of infrared rays into and out of the
vehicle through the windshield and windows. In summer,
heat-producing infrared rays must be blocked from entering
the vehicle, while in winter, they must be blocked from es-
caping. Naturally, the transparency of the windshield and
windows to visible light is essential.

Heat-shielding films consisting of a metal sputtered film
have been developed; these films transmit visible light but
block electromagnetic waves having longer wavelengths.
However, a metal sputtered film pasted on a vehicle’s wind-
shield and windows blocks the electromagnetic waves of
communication devices such as cell phones, rendering them
useless. Therefore, a heat-shielding film is needed which
transmits both visible light and the electromagnetic waves
of communication devices, but blocks infrared light, whose
wavelength is longer than that of visible light but shorter
than that of communication devices. Such a film is a so-
called band-stop filter.

To develop such a film, we adapted the aqueous multilay-
er technology that our engineers have developed for color
photographic material. We also made free use of optical de-
sign, binder technology, and nano-particle control. The re-
sult is ICE ., a dielectric multilayer film which can be coated
on substrate with an aqueous system, and which blocks in-
frared rays while transmitting visible light and electromag-
netic waves for communication.
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Fig. 1 Reflective performance of ICE-p. The visible light component of
sunlight enters the interior through the glass, but the infrared
heat rays of the sunlight are reflected by the ICE -y, which is past-
ed to the glass.
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Fig. 2 Cross-section of ICE-p. About 20 layers of dielectric, multilayer
film are evenly layered to a thickness of about 3 pm. (The figure is
four times enlarged in the vertical direction.)
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Fig. 3 Heat shielding properties of ICE- . ICE-p was pasted on the por-
tions of an automobile’s windshield and windows outlined in yel-
low. A thermometer was positioned outside the vehicle, while
two thermometers were placed on the dashboard, one behind
the ICE - treated portion (#1) and one behind the untreated por-
tion (#2). Temperatures were measured over several days, and the
interior temperatures at #1 were found to be up to 20 °C cooler
than the temperatures at #2.
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Fig. 4 Electromagnetic wave transmission of ICE-p. Electromagnetic
wave measurement apparatuses were wrapped with ICE.p (left)
and a metal sputtering film (right). The ICE - u allows sufficient sig-
nal receiving intensity, while the metal sputtering film completely
blocks the signal.
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Fig. 5 The reflectance of ICE«p and that of a metal sputtering film. Unlike
the metal sputtering film, the ICE - p reflects major portions of the
near-infrared region.
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Table 1 Key technologies of ICE«p. Those particularly pertinent to this
paper are in red.

Need Necessary Konica Minolta
technology technology applied
Visibility a) Material design | a) Dispersion of

nano-material
b) Binder design

b) Homogeneous
dispersion

Heat shielding a) Layer design a) Dispersion of

b) Multilayer nano-material
lamination b) Aqueous multilayer
c) Multilayer lamination
composition c) Optical design
design d) Evaluation
technology
Weather a) Stress variance | a) Materials
resistance design evaluation
b) Additive material | b) Film evaluation
design technology

Transmittance of | Nano-metal
electromagnetic | oxide design
wave for

communication

Dispersion of
nano-material
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Fig. 6 Layer separation between a low refractive index layer and a high
refractive index layer of a dielectric multilayer film. H.R.P.: high re-
fractive index nano-particle. L.R.P: low refractive index nano-
particle.
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Fig. 7 Comparison of a gelatin used in photography and the newly de-
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veloped binder systems for ICE - p. The interface of the newly de-
veloped binder system is much clearer than that of the gelatin
binder system.
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Fig. 8 The aqueous simultaneous multilayer coating technology devel-
oped for photographic materials and ink-jet media.
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Fig.9 ICE-p can be coated with a thinner coating layer and a greater
number of layers than photographic materials or inkjet media.
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Fig. 10 Results of test samples. Circles indicate desired samples, which
exhibit higher hard coat layer performance.
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Fig. 11 Results of an accelerated weathering test. Lower curing property
shows better adhesion, indicating that a hard coat composition

with less curl achieved higher weather resistance. (Test condi-
tion: 200 hrs of xenon irradiation without UV cut)
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