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A Study on Transparent Polymer Composite Films with High Emissivity
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Abstract

We have fabricated transparent polymer composite films with high thermal emissivity, which can be used for heat
dissipation of transparent electronics. PMMA (poly(methyl methacrylate)) solution with high transparency and thermal
emissivity is mixed with various fillers (carbon nanotubes (CNTs), aluminum nitride (AIN), or silicon carbide (SiC)) with
high thermal conductivity. We have achieved the thermal emissivity as high as 0.94 by the addition of CNTs. Compared
with the PMMA film on glass, however, the addition of AIN or SiC is shown to rather decrease the thermal emissivity.
It is also observed that the thickness of the PMMA film does not affect its thermal emissivity. To avoid any degradation
of the thermal conductivity, therefore, the PMMA film thickness is desirable to be 1 um. There also exists a tradeoff
between the optical transmittance and thermal conductivity on the selection of the amount of fillers.
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Table 1. Experiment and measurement process

‘ Mixing of polymer and filler (sonicator) ‘
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‘ Cleaning of soda-lime glass (IPA) ‘
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Coating of polymer composites on glass (spin coater),
Baking (hot plate, 80°C, 20 min.)
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Optical transmittance measurement

(UV/VIS Spectrometer)
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‘ Thickness measurement (FE-SEM) ‘
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‘ Thermal conductivity measurement (LFA447) ‘
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Thermal emissivity measurement
(infrared camera, TESTO-880)
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Infrared camera measurement

Insulation tape
Glass

Hot plate (70TC)

Fig. 1. Schematic view of thermal emissivity measurement.
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Fig. 2. (a-b) Images of PMMA films for different sol-
vents and (c) measured transmittance.
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Table 2. Thermal properties of various materials [8]

Material Therm?\lN(;Io;I:Igl)lctivity ]();2:1?),
Aluminum nitride 320 33
Silicon carbide 270 33
CNT (single wall) ~ 6,000 1.3~1.4
CNT (multi wall) ~ 3,000 1.4~1.6
Graphite 25~470 1.3~1.9
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Fig. 3. Images of PMMA films filled with (a) 5 wt% AIN
and (b) 25 wt% AIN and (c) optical transmittance

of the glass substrates with AIN-filled PMMA
films.
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Fig. 4. Images of PMMA films filled with (a) 5 wt% SiC
and (b) 10 wt% SiC and (c) optical transmittance
of the glass substrates with SiC-filled PMMA
films.

(a) PMMA:CNT 0.4wt% (b) PMMA:CNT 1.6wt%
100 T T T T T T
—A— PMMA:CNT 0.4wt%
90 [ _m— PMMA:CNT 0.8wt% 1
80 F @ PMMA:CNT 12wt% J
> @ PMMA:CNT 16wt%
é70- O e
A
Q L A 4
§ 60 £
& 50 - "mmﬂmuu 4
é | eoooo ]
8 30r .0.00"".....‘ q
= 20} . | i
| 000
0F s ,4400.000“"““ 2400 1
.t §
0 1 1 1 1 1 1 ]
300 400 500 600 700 800

Wavelength (nm)
(c)

Fig. 5. Images of PMMA films filled with (a) 0.4 wt%
CNT and (b) 1.6 wt% CNT and (c) optical trans-
mittance of the glass substrates with CNT-filled
PMMA films.
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Table 3. Thermal conductivity and emissivity of various

samples
Sample Thermezlv\(/:/(igl(gctivity Emiizi)vity

Glass 1.02 0.85
PMMA on glass 1.03 0.90
PMMA:AIN 25wt% 0.98 0.87
PMMA:SiC 8wt% 1.13 0.88
PMMA:CNT 0.4% 1.03 0.92
PMMA:CNT 0.8% 1.07 0.94
PMMA:CNT 1.2% 0.99 0.94
PMMA:CNT 1.6% 1.05 0.94
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Fig 6. Measured thermal emissivity of the glass substrates
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