Thermo-solar harvesting in mild humid climates:
Absorber and self-cleaning surtaces
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‘ . erational Tests
Introduction P . N | |
amples were placed inside an isolated container with water. The system was subjected to solar

Polymers, overheating and surface impurities simulation using a filtered 300W Xe—Hg lamp for one hour, while the water temperature was

Polymers are used in solar harvesting due their easiness of processing, at costs much lower than those of = WSIAlIeIE=ler
traditional copper collectors, for swimming pools in summertime or equatorial latitudes in low efficiency
applications [1], with uncovered operation to prevent deformations by overheating. In (sub)tropical regions,
however, mild winters do require a heat mirror cover for proper collector performance. This cover is subject to
dust and contaminants from the atmosphere.

Objectives

as a simple solution for all-year operation in the (sub)tropics
Cost-effective polym(.erlc solar a.\bsorber concept.a.nd feasibility 5 T ‘E“
= Allow collector covering and withstand up to boiling water temperature =R

= Self-cleaning through superhydrophobicity on the polymeric surface [2] Sample support

Figure 4: Heating experiment scheme with polyester cover.

Basic Strategy

A film was chosen that could be the light absorber and Results from materials
the heat distributor simultaneously. ¥'High absorptance: > 95% with carbon black
v Superhydrophobic, self-cleaning surface: contact angle = 158°+ 1°; hysteresis = 20+ 1°
with contact angle = 165°1°, without significant decrease of transmittance
polymer v'Carbon black on PMMA presented the best optical results, mostly due to lower PMMA

refractive index and higher carbon black absorption.
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Experimental

Samples were produced using poly(methylmethacrylate) (PMMA, Tg = 105°C) or
polycarbonate (PC, Tg = 150°C), coated with films produced from carbon black (Cabot,
20 nm diameter) or graphite (Nacional Grafite Ltda, 2.05 um diameter) or a 50% vol.
mixture of both. In addition, trimethyl(2-propyn-yloxy)silane (TMPSI) and silica
nanoparticles (NPs, 6nm av. dia.,, 2% wt In sol) were added, as well as
poly(tetrafluoroethylene) (PTFE) was deposited (NPs at 1% wt in sol) to produce a low
surface energy. More details of this method are described In [4].
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COatmg materials. Ilght absoptance and thermal COndUCtIVIty Figure 5: (left) Absorptance of PMMA coated with distinct materials (light incidence on the transparent side). (right)

LT | Transmittance of self-cleaning plate (TMPSi and 1 wt% of silica nanoparticles on PMMA), with and without PTFE, with water
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E;F:Lu'-:ﬂﬂm drop on surface shown at inset.

Results from tests:

Material Thermal Conductivity v'Absorber role demonstrated

at 25° C(W/mK) v'Polyester cover reduced IR emittance of the system
Graphite 100-400 (in plane)

"o Absorplancs

Carbon black on FRAMA
Carbon Black 0-174 Carbon black on PMMA with cover
EIR[T T

_— | | R Table 1 — Thermal conductivity of graphite and
a0 1200 0 1800 carbon black, whose variations are due to
Warelanght (rm) planar orientation or material purity [3].

Figure 2. Absorptance of the coating materials used,
In opaque powder form, as deduced from total
reflectance measurements.
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Figure 6: Solar simulation results from carbon black on PMMA, with
and without polyester cover, compared to those from bare PMMA.
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’Conclusions and Outlook
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- e /} e Concept and feasibility of a polymeric thermo-solar collector that allows an infrared

400 600 800 1000 1200 1400 1600 1800 400 600 800 1000 1200 1400 1600 1800 reflective cover for all-year operation without overheating were demonstrated, with outer

Wavelenght (nm) Wavelenght (nm) surface self-cleaning. These results are promising for large-scale, cost-effective collector
(a) (b) production in humid (sub)tropical regions.
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Figure 3: Measured optical properties: (a) PMMA and (b) PC; thicknesses: 3 and 2 mm, respectively.
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