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ARTICLE INFO ABSTRACT
Keywords: The cavity wall is an important part of a cavity receiver in determining the receiver efficiency. Using solar se-
Solar selective reflector lective reflector (SSR) materials with low solar absorptivity and high thermal emissivity for the cavity wall design

Cavity receiver

Metallic oxide coating

Spectral hemispherical absorptivity
Concentrating solar power

is one efficient way to improve the receiver efficiency. In this work, we present a systematic study of the optical
and high-temperature stability performances of six different SSR materials: one refractory ceramic fiber based
substrate material (Fiberfrax 140) and five metallic oxide coatings which are prepared by mixing metallic oxide
powders of alumina, magnesium oxide and titanium dioxide with commercial inorganic adhesives. The thermal
stability was studied by heating up and keeping the six candidate materials in atmospheric conditions at a
temperature of 1250 °C for 200 h. The spectrum of hemispherical reflectance in the spectrum band 0.25-25 pm
was measured for analyzing the optical performance of the candidate materials. The obtained results show that
all the six materials studied have good solar selective reflection characteristics, i.e, low solar absorptivity and
relatively high thermal emissivity. Especially, the alumina coated substrate material shows excellent perfor-
mances both for thermal stability and solar selective reflection. The solar reflectivity can reach 94.6%.

require relatively high working temperatures [6-8]. Cavity receivers are
1. Introduction usually designed as opaque heat exchangers, where the concentrated
solar irradiation is absorbed and transferred to the working fluid by
conduction through the absorber wall and convection of the working

Concentrating solar power (CSP) technology, which converts the
fluid [9,10]. By using the ‘cavity effect’ (high absorptivity are achieved

unlimited solar radiation into heat for electric power generation through

different thermal power cycles, is considered to be one of the most by multiple reflections inside the cavity), cavity receivers can achieve
promising pathways to the future fossil fuel free society [1,2]. In CSP higher efficiencies and outlet working fluid temperatures than those
systems, the receiver, where the solar irradiation is absorbed and con- receivers with flat absorbers [11]. In view of the energy flow, the
verted into heat, is always the most critical component and often the modern cavity receiver designs can be classified into two groups: direct
bottleneck for limited system efficiency [3]. Energy loss at the receiver is absorption receiver and partially indirect absorption receiver, as sche-
inevitable, and it increases significantly with the increase of receiver matically represented in Fig. 1. For a direct absorption receiver, the
temperature. However, the receiver acts as the heat source for the concentrated solar irradiation is absorbed directly by the absorber like
thermal power cycle, and its outlet temperature directly limits the in radial type impinging receivers [12]. In direct absorption cavity re-
theoretical efficiency of the power cycle according to the second law of ceivers, the absorbers are the most critical components that usually need
thermodynamics [4]. Therefore, developing receivers with higher effi- to sustain high light fluxes, high temperatures and high pressures over a
ciency and working at higher temperatures is an important way for long period. At the moment, Nickel-based superalloys are widely used as
enhancing the competitiveness of CSP technologies in commercial ap- the absorber material in large-scale commercial direct absorption re-
plications [5]. ceivers which are usually designed based on modular tubular bundle

Designing the absorber in a cavity shape is one of the main strategies structure. Due to the limitation of the allowable working temperatures
for modern high-efficiency point-focusing receiver designs, especially for these Nickel-based superalloys, it is difficult to achieve an outlet

for solar Brayton systems and solar thermochemical applications that working fluid temperature above 900 "C [13]. In order to obtain higher
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Nomenclature
E spectral emissive power, W/(m%nm)
I spectral solar direct normal irradiation, W/(m?nm)
T temperature, K
Greek
a absorptivity
€ emissivity
A wavelength, pm
p reflectivity
Subscripts
b blackbody
sol solar irradiation
Abbreviations
CSp concentrated solar power
SEM scanning electron microscopy
SSA solar selective absorber material
SSR solar selective reflector material
XRD X-ray diffraction

outlet temperature, ceramic materials, e.g. silica carbide ceramic, are
also used in lab- or pilot-scale high-temperature direct absorption re-
ceivers [14]. However, these ceramic materials are usually very
expensive and difficult to manufacture in large-sizes [15]. Thus, the
high-temperature (working fluid temperature >800 'C) direct absorp-
tion receivers are so far only designed for less than 1 MW small-scale
applications.

Unlike the direct absorption receivers, the radiation energy from the
concentrated solar irradiation is reflected or re-radiated by the cavity
wall before arriving at the absorber in a partially indirect absorption
receiver, such as tubular cavity receivers [16,17]. In these partially in-
direct absorption cavity receivers, the absorber can be designed in arrays
of smaller units to minimize the usage of the expensive refractory ma-
terials and to maximize the mechanical performances of the absorber.
Therefore, the partially indirect absorption cavity receivers are more
suitable for large-scale CSP or solar thermochemical applications. In
general, the possible energy losses of a cavity receiver are caused by

(A)
Concentrated solar
irradiation

Absorber

Conduction
& Convection
Reflection
& Radiation
& Convection
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back-reflection, thermal radiation and convection through the aperture,
as well as the heat conduction through the cavity material. With the help
of the ‘cavity effect’, a well-designed cavity receiver can be considered
as an approximate blackbody of approximately the size of its aperture,
and thus the optical efficiency of a cavity receiver can easily reach above
95% [18]. Thus, the main energy losses of a well-insulated cavity
receiver can be mainly attributed to thermal radiation and natural
convection heat losses through the aperture that are directly related to
the cavity wall temperature [19-21]. Thus, controlling the cavity wall
temperature at a relatively low level is not only useful in reducing the
technical requirements for the high-temperature mechanical perfor-
mances of the candidate materials, but also is an efficient way towards
enhancing the efficiency of partially indirect absorption receivers.
Considering the energy balance on the cavity wall, as shown in Fig. 1
(B), the main energy input is the absorbed solar flux (including the
multi-reflection losses), and the outputs are in the form of thermal ra-
diation and heat convection. Thus, the main strategies for controlling
the cavity wall temperature can be achieved by minimizing the ab-
sorption of the solar flux as well as by maximizing the thermal radiation.
Both phenomena’s are governed by electromagnetic energy transfer but
occur at different spectral bands [22,23]. Thus, it is of interest to
investigate the potential of using solar selective material for controlling
the cavity wall temperature. Unlike the traditional widely used solar
selective absorber (SSA) materials [24], the candidate solar selective
materials are preferred to have lower solar absorptivity and higher
thermal emissivity for cavity wall applications. Herein, we denominate
such materials with a new name as solar selective reflector (SSR) ma-
terial. During the past decades, numerous studies have been reported on
SSA materials for improving receiver efficiencies [25-27], but the SSR
materials still have not received sufficient attention in the published
literature. With increasing requirements for the design of
high-temperature point-focusing receivers and reactors, research on the
SSR materials is attracting more attention. Based on the operating ex-
periences of a tubular cavity receiver with ceramic fiber fabric cavity
wall, Ebert et al. conclude that better receiver performance can be
achieved by applying surface treatment on the cavity wall materials
[28]. Recently, Garrido et al. have found that the thermal emissivity (&)
and the solar absorptivity (a) of the cavity wall has a strong influence on
the efficiency of a cavity receiver for solar Stirling system [29]. The
results show that, when the cavity temperature is higher than the
absorber temperature, a high e/a value leads to a positive impact in the

Concentrated solar
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Fig. 1. Schematic representation of two types of cavity receivers: (A) direct absorption receiver and (B) partially indirect absorption receiver.
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efficiency; when the cavity temperature is low, lower values of both ¢
and « are helpful for improving receiver efficiencies.

In this work, we studied the performance of six different SSR mate-
rials: refractory ceramic fiber-based substrate material and five metallic
oxide coatings prepared by mixing metallic oxide powders of alumina
(Al,03), magnesium oxide (MgO) and titanium dioxide (TiO3) with
commercial inorganic adhesives coated on the substrate material.
Thermal stability tests were conducted in atmospheric conditions at a
temperature of 1250 °C for 200 h. The optical performance is studied by
analyzing the spectral hemispherical reflectance in the spectrum band
0.25-25 pm Al;O3 amongst the six candidate material coatings show the
best solar selective reflection characteristics.

2. Experimental details
2.1. Material selection and coating preparation

In order to minimize the conduction heat loss through the cavity
wall, a material with good insulation properties is preferred for the
cavity wall. Fiberfrax 140 is an alumina-zirconia silica based refractory
ceramic fiber material that is widely used in the large-scale high-tem-
perature receivers of power tower systems and in industrial furnaces
[30]. It has excellent insulating properties, high temperature thermal
stability, and manufacturability rendering it as an ideal material for
manufacturing cavity walls [29]. In this study, Fiberfrax 140 is used as a
reference for evaluating the performances of the SSR materials. In the
published literature, Al;03, MgO and TiO, are known to be good re-
fractory materials with relatively high solar reflectivity and thermal
stability [31]. In general, simple application and low cost are two of the
most important factors in determining whether a technology can be
commercialized in the future. Therefore, in this study, these potential
SSR materials are prepared in the form of powder, and directly painted
on Fiberfrax 140 substrate samples (with same size of 30 x 30 x 10 mm)
using a brush upon mixing with commercial refractory inorganic ad-
hesives. Different samples are obtained by changing the material com-
positions and weight ratios. After drying the samples, careful curing was
carried out following the specifications of the commercial inorganic
adhesives. The thicknesses of the coatings are measured that within the
range of 0.8-1.5 mm. In order to select most stable coatings and maxi-
mizing the performance of the commercial inorganic adhesives, the
samples are cured or preliminarily tested in open atmosphere at a
temperature of 1000 °C for 24 h in a chamber furnace (Nabertherm®).
Finally, the substrate sample and the other five coatings with good
quality were subjected to further high-temperature thermal stability
studies at 1250 °C for 200 h. The detailed information of the selected
samples is shown in Table 1. A high temperature tube furnace (Entech

Table 1
Details of the sample preparation conditions used in this work.

Sample Material Weight Adhesive Cure condition
name composition ratio
Substrate Fiberfrax 140 N/A N/A N/A
Coating 1 100% Al,O3 N/A Pyro-Paint™ Dry at room
634-AL temperature and post
cure at 100 'C
Coating 2 MgO + Al,03 1:1 Resbond™ Dry at room
906 temperature and post
cure at 120 'C
Coating 3 MgO + Al,03 2:1 Resbond™ Dry at room
906 temperature and post
cure at 120 'C
Coating 4 100% MgO N/A Resbond™ Dry at room
906 temperature and post
cure at 120 'C
Coating 5 MgO + TiO, 7:1 Resbond™ Dry at room
906 temperature and post

cure at 120 'C
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type) is used for this test. Prior to the test, the hot zone in the horizontal
tube furnace was calibrated by K-type thermocouples to ensure the
thermal stability test was conducted at the desired temperature range
(1250 + 10 'C). During the testing, the samples are supported by two
alumina ceramic rods to keep the coating surfaces horizontally in the
center of the tube furnace. Coating color change, surface micro crack
generation, and sample deformation are selected as the main criterions
for evaluating the thermal stability performance of the candidate ma-
terials at this testing stage.

2.2. Material characterizations and optical measurements

The crystal structure and phase composition of coating materials
were obtained from X-ray diffraction (XRD) patterns obtained from
Empyrean S2 diffractometers (PANalytical, Netherlands) using Cu Ko
radiation (A = 0.154 nm) and scanning in the 26 range of 15°-70°.

The spectrum of hemispherical reflectance from 0.25 to 2.5 pm was
measured with a laboratory two-beam scan spectrophotometer (Perki-
nElmer Lambda 950) equipped with an Integrating Sphere of 150 mm
diameter. Two light sources (halogen and deuterium lamp) and two
detectors (photodiode and InGaAs) contribute to the sensibility over the
entire spectrum. The measurements are referenced with a calibrated
standard (Spectralon 99%). The spectrum of hemispherical reflectance
from 1.5 pm to 25 pm is measured with a reflectometer (Surface Optics
Corporation SOC-100 HDR) and a spectrophotometer (Nicolet FTIR
6700). The SOC-100 is equipped with 2r imaging hemi ellipsoid (gold
coated) to illuminate the sample from all directions using a 700 °C
blackbody source. A movable mirror collects the reflected collimated
light and directs it to the FTIR to obtain the reflectance spectrum. A gold
plated calibrated specular or diffuse reflectance standard is used as the
reference during the measurement. Usually, the SOC 100 is much more
reliable than the PerkinElmer Lambda 950 for the wavelength over 2
pm. Therefore, considering the accuracy differences, discontinuity
might happen for the hemispherical reflectance results at the wave-
length of 2 pm.

A light optical microscope (LOM, Leica DMR) and scanning electron
microscopy (SEM, GEMINI Ultra 55, Carl Zeiss, Oberkochen, Germany)
were used to characterize the surface morphology of the samples after
thermal stability test at 1250 °C for 200 h.

2.3. Energy analysis

Considering all the samples are opaque gray bodies, according to
Kirchhoff’s law, the spectral absorptivity/emissivity distributions of the
investigated samples can be obtained by Eq. (1) [32].

a(A)=¢e(d) =1—-p(A) @

where 1 is the wavelength, a(4) is the spectral absorptivity, £(1) is the
spectral emissivity and p(4) is the spectral reflectivity. The normal solar
absorptivity a,, and the normal thermal emissivity ¢(T) were calculated
from the reflectance measurements using the following equations [33]:

2500nm
La(A)(1 = p(2))di
Ao = 280nm e (2)
Lo (2)dA
280nm
25000nm
E/(4T)(1 - p(3))d
e(T) == 250000 ®)
Ey(A,T)d2

280nm
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where T is the surface temperature, E,(4, T) is the blackbody spectral
emissive power, Iy (4) is the ASTM standard AM 1.5 direct normal
terrestrial solar irradiance [34]. Considering that these coatings are
expected to work above 800 ‘C, the blackbody spectral emissive power
at 25,000 nm is less than 0.3% of its peak value at 2700 nm according to
Stefan-Boltzmann Law. Therefore, the wavelength range 280-25000 nm
is broad enough for the temperature range in this study.

3. Results and discussion
3.1. Visual inspection

Since all the substrate and coating materials are inorganic oxides,
chemical stabilities of these materials are good. However, due to the
high temperature and oxidizing environment crystal structure of the
materials could be affected. Hence, all the samples were first tested in
open atmosphere at a temperature of 1000 °C for 24 h for visual in-
spection. Though the colors of the coatings are all white after painting
and curing, slight color changes could observed after the preliminary
testing. Following the thermal stability testing at 1250 °C for 200 h in
ambient atmosphere and pressure with an airflow of 0.02 m/s, color of
the samples was examined as shown in Fig. 2. Only the colors of the
100% Al,03 sample (Coating 1) and the Fiberfrax 140 sample (Substrate
material) were not affected, while slight color changes could be
observed in the other samples. Furthermore, since all these SSR coating
materials are brittle ceramics, the thermal stress will also be an impor-
tant factor that could lead to cracking or chipping of the coatings. In the
six samples studied here, significant cracks are observed in the Coating
5. By comparing the sample shapes before and after exposure to high
temperature, clear deformation can be observed in Coating 3 and 4.
Especially deformation of Coating 4 is significant. Thus, Coatings 3, 4
and 5 are not very suitable for potential real world applications.
Considering the compositions of these coatings, MgO seems to be
disadvantageous for maintaining the thermal mechanical stability of the
coating. From mechanical point of view, 100% Al,Os is the best coating
candidate for Fiberfrax 140 substrate coating in real world applications.

3.2. XRD study

The crystal structure and phase composition of all coatings examined
by XRD is shown in Fig. 3. Coating 1 shows a pure hexagonal crystal
structure with chemical formula of Al;O3, which matches well with the
ICDD (International Center for Diffraction Data) powder diffraction file
98-016-0605 with the most intense peaks from (104), (113), and (116)
planes. Since coating 1 was prepared by mixing Al;03 powder with Pyro-
Paint 634-AL adhesive, and the adhesive mainly contains alumina filler
the same composition as the SSR material in this coating, only a single
crystalline phase (AlyO3) was detected by XRD. For other four coatings,
MgO is the major composition, therefore, a magnesia-based adhesive

Substrate material Coating 1 Coating 2
Fiberfrax 140 100%ALL05 MgO+Al,03 (1:1)
|
* White * Bright white * Off-white
* No significant *No significant ~ * No significant
deformation deformation deformation
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Fig. 3. XRD patterns of the coatings prepared from Al,03, MgO-Al,03 (1:1),
MgO-Al,03 (2:1), MgO, and MgO-TiO; (7:1) on Fiberfrax 140 substrate.

Resbond 906 was used in order to obtain a well-formed coating. For
coating 2, prepared using MgO and Al,Os3 in 1:1 ratio, the most intense
peaks at 20 values of 42.9° and 62.3° that can be indexed as (002) and
(022) planes of MgO with cubic structure (ICDD file: 98-008-8058) is
observed along with other diffraction peaks corresponding to (012),
(104), (113), (024), (116), (214), and (030) crystal planes of AlyOs.
Apart from the pristine phases of MgO and Al;Og, two composite phases
are also identified, i.e., Al,MgO4 and MgySiO4. Al;MgOg4, an alloy
formed from reaction between MgO and Al;Os, with a cubic spinel
structure. Another composite phase of Mg,SiO4 is observed where the
silicate from the substrate material of Fiberfrax 140 reacts with alumina.
Diffraction peaks at 20 of 22.7°, 23.7°, 29.7°, 32.1°, 35.5°, 39.5°, 39.8°,
41.6°, 52.0° corresponding to (210), (011), (020), (301), (311), (221),
(401), (112), (222) planes of Mg>SiO4 with orthorhombic structure ac-
cording to ICDD file 98-006-4738 are also observed. When the amount
of MgO was increased to 2:1 ratio in MgO-Al,03 mixture (coating 3), a
pure phase of Al;O3 is not observed, thus suggesting complete con-
sumption of Al,O3 during the formation of Al;MgO4 phase. However,
excess MgO remains in its pristine form as is evidenced from the
diffraction peaks at 42.9° and 62.3° corresponding to its (002) and (022)
crystal planes. Mg,SiO4 and Al;MgO4 can also be identified similar to
what was observed in samples prepared with 1:1 ratio of MgO and
Al;03. However, since no pristine Al,O3 phase is observed in coating
prepared from MgO and Al,Og3 in 2:1 ratio, the formed Al;MgO4 has a
relatively stronger intensity than that of MgySiO4, which is different
from the coating prepared from MgO and Al,Os3 in 1:1 ratio. In case of
coating 4 prepared using MgO only, besides the phase of MgO, diffrac-
tion peaks of MgySiO4 are observed, indicating higher chemical

Coating 3 Coating4 Coating 5
MgO+ALO; (2:1) 100%MgO MgO+TiO, (7:1)
i
18
* Off-white * Light beige * Light beige
* Slightdeformation  * Significant * Significant crack

deformation

Fig. 2. Photos for the coatings after exposing at a temperature of 1250 °C and an ambient pressure with an air flow of 0.02 m/s for 200 h.
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reactivity of MgO than Al,O3 in reaction with substrate material. In
coating 5 prepared from MgO and TiO; in ratio of 7:1, MgO is obviously
the major phase with no noticeable diffraction from TiOs. Instead, due to
the high reactivity of MgO, MgyTiO4 with a cubic structure could be
found as depicted from the diffraction peaks at 18.2°, 29.9°, 35.2°, 56.6°
corresponding to the (111), (022), (113), and (115) planes according to
ICDD file 98-009-6856.

3.3. Optical analysis

Room-temperature spectral absorptivity/emissivity distributions of
different samples are shown in Fig. 4. Due to the limits of the ranges
between the two instruments (PerkinElmer Lambda 950 for UV-Vis, and
SOC 100 for NIR-IR) as described in section 2.2 (Material character-
izations and optical measurements), there is a slight discontinuity in
every absorptivity/emissivity distribution curve at 2 pm. The absorp-
tivity/emissivity difference between the two results measured by
different instruments is more significant for Fiberfrax 140 than the other
coating samples. The value for Fiberfrax 140 is almost 0.06, while the
values for the other coatings are within 0.02. One reason can be used for
explaining this difference is that Fiberfrax 140 is a porous material.
Therefore, the size and the distribution of the micro cavities on the
surface will lead to a strong influence on the spectra absorptivity dis-
tribution. Considering that the micro cavity distribution on the surface
of the Fiberfrax 140 is not perfectly uniform and the illuminated areas of
the two testing might be different, the deviation between these two re-
sults for the Fiberfrax 140 could be larger than the other coating
samples.

In general, the optical performance of Fiberfrax 140 insulation ma-
terial can be significantly changed and adapted for different applications
by applying suited coatings on the surface. Furthermore, the trends in
the spectral absorptivity distribution from all the coatings are similar
with a significant absorptivity valley in the visible and near infrared
spectrum (0.4 pm-2.5 pm) and relatively low absorptivity in natural
solar irradiation spectrum with high thermal emissivity in the infrared
region. The Aly,O3 coated sample (Coating 1) excels in reflecting the
radiative energy within the visible and near infrared bands (0.28
pm-2.2 pm). In the infrared spectrum (>0.7 pm), the absorptivity of the
Fiberfrax 140 sample (Substrate material) is generally higher than other
coatings. Upon comparing the spectral absorptivity curves of Coating 2
(MgO + Al,03 = 1:1) and Coating 3 (MgO + AlyO3 = 2:1), we can
conclude that the influence of the weight ratio in the spectral absorp-
tivity distribution is negligible. Thus, considering the thermal stability
performance results above, reducing the usage of MgO will be preferred.

For a qualitative estimation of the optical performance of the sam-
ples that we can expect in real solar applications, the normal solar ab-
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sorptivity @y, and the normal thermal emissivity &(T) were also
calculated from the corresponding spectrum using Eq. (2) and Eq. (3)
and the solar absorptivity are plotted Fig. 5. Among the six samples, the
Fiberfrax 140 sample, coating 4 (100% MgO) and coating 5 (MgO +
TiOy = 7:1) have relatively high solar absorptivity compared to Al,O3
coated sample (Coating 1) that shows the lowest solar absorptivity of
0.054. In other words, 94.6% solar irradiation can be reflected diffusely.
This capability makes the Al,O3 coating an excellent solar reflector
material in efficiently delivering the solar irradiation to the absorber in
cavity receiver designs. Especially in the applications with strong solar
light flux on the cavity wall, the other five materials will absorb at least
two times more solar energy than the Al;O3 coating, leading to much
higher temperatures.

Thermal emissivity results for the investigated samples are shown in
Fig. 6. With the increase of the surface temperature, the peak of the
spectral emissive power distribution moves towards the shorter wave-
length side. Therefore, the trends of the thermal emissivity results are
generally decreasing with the increase of the temperature. Fiberfrax 140
shows the highest thermal emissivity thus having the best ability in
delivering the absorbed solar irradiation to the surrounding environ-
ment through thermal radiation. For the case when the cavity wall
temperature is higher than the absorber temperature, this ability is
helpful in managing the cavity wall temperature and redistributing the
energy flux on the absorber. However, for cases where the cavity wall
temperature is lower than the absorber temperature, lower thermal
emissivity material is preferred. The sample with the second highest
emissivity is coating 4 (100% MgO) with approximately 9% lower
emissivity in the temperature range of 1073 K-1673 K. Between the
other samples, the thermal emissivity differences are negligible (<2.5%)
as shown in Fig. 6. By combining the results of the solar absorptivity and
the thermal emissivity, the ¢/a result can be obtained. In generally, it
increases with the temperature for all the samples. Among all the 6
samples, coating 5 (MgO + TiO2 = 7:1) can offer highest ¢/a value, and
it can reach 0.73 at 1673 K. Therefore, comparing to other coatings,
coating 5 is more suitable for the cavity receivers that the cavity tem-
perature is higher than the absorber temperature according to conclu-
sions achieved by Garrido et al. [29].

3.4. Surface morphology study

In addition to the chemical composition of the material itself, the
surface microstructure of the material is also an important factor that
strongly affects the optical properties of the material. Therefore, the
LOM images of the Fiberfrax 140 sample and the 100% Al,O3 sample
(Coating 1) together with their corresponding scanning electron
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Fig. 5. Solar absorptivity results for the investigated samples.
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Fig. 6. Thermal emissivity results for the investigated samples.

micrographs (SEM) are presented in Fig. 7. In general, a flat surface will
absorb less solar irradiation than the surface with micro cavities or
porous surface that with the same surface material according to the
theory of the radiation heat transfer [32]. Since the Fiberfrax 140 is an
alumina-zirconia silica based refractory ceramic fiber material, the
surface of the sample has a porous structure. The average size (>100
pm) of the micro pores on the surface is larger than the thermal infrared
spectrum in the temperature range of this study by an order of magni-
tude, see Fig. 7(A) and (C), so these micro pores act as optical cavities
that lead to significant enhancement in absorptivity/emissivity due to
the cavity effect. Furthermore, the diameter of the fiber is close to the

Solar Energy Materials and Solar Cells 224 (2021) 110995

wavelength of the solar spectrum and the thermal infrared spectrum (see
Fig. 7(C)), the scattering effect could also strongly affect the material
optical properties. Unlike the Fiberfrax 140 substrate material, the Al,O3
coating has a relatively denser surface structure, see Fig. 7(B) and (D).
Therefore, the cavity effect is minimized, and the surface optical prop-
erties are mainly depended on the coating material itself. Furthermore,
the SEM result shows that the average size of the Al,O3 particle is still
much larger than the wavelength range of 0.28-3 pm where the major
energy of the solar irradiation located. Therefore, the geometric scat-
tering will take the major optical phenomenon on the surface of the
coating, and macroscopically form a diffuse reflective surface that is
helpful in redistributing the solar irradiation uniformly on the absorber.

4. Conclusions

Five refractory solar selective reflector coatings have been prepared
by painting metallic oxides on Fiberfrax 140 substrate (a commercial
alumina-zirconia silica based refractory ceramic fiber material) with the
help of commercial inorganic adhesives. Thermal stability testing has
been conducted in a tubular furnace at a temperature of 1250 °C for 200
h under an ambient pressure with an airflow of 0.02 m/s. The optical
performances have been studied by analyzing their spectral hemi-
spherical reflectance in the spectrum band 0.25-25 pm with the help of
lab spectrophotometers. Furthermore, the surface microstructure is also
studied by using an optical microscope and a scanning electron micro-
scopy. The following conclusions can be drawn:

(1). All the five coatings and the substrate material Fiberfrax 140 have
good solar selective reflection characteristics: low solar absorp-
tivity and relatively high thermal emissivity.

(2). The optical properties of the ceramic fiber-based cavity wall have
been proved to be able to be adapted by metallic oxide coatings to

Fig. 7. Light optical microscope (LOM) images of (A) Fiberfrax 140 and (B) 100% Al,O3 coating, and their corresponding Scanning electron micrographs (SEM): (C)

Fiberfrax 140 and (D) 100% Al,O3 coating.
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meet various design requirements for maximizing the perfor-
mance of cavity receivers.

(3). Among all the coatings, AloO3 coating has the best performances
both in thermal stability and solar selective reflection (94.6% in
solar reflectivity).

(4). MgO has a negative effect on the thermal mechanical stability of
the coating on Fiberfrax 140 substrate, and it is not
recommended.

In the future, more these kind solar selective reflector coatings as
well as substrate materials can be explored. Furthermore, considering
the potential large-scale applications, spray-painting technology should
be introduced for painting this coating on large-scale receiver for solar
power tower systems.
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