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Resumen

En este trabajo se muestran los resultados de la sintesis y caracterizacidn de tres compuestos obtenidos a partir de latas de
aluminio recicladas, los cuales fueron hidréxido de aluminio (Al(OH)3s/SiO2), gamma-alimina (y-Al,03/Si0;) y alfa-alimina (a-
Al,03/Si0;,) para ser utilizados como precursores en la sintesis de recubrimientos para la fabricacion de Reflectores Difusos
(RD) que pueden ser utilizados para aumentar el rendimiento de los sistemas solares, reemplazando el a-Al,O3 comercial. Las
fases y la morfologia se determinaron por Difraccion de Rayos X (DRX) y Microscopia Electronica de Barrido (MEB). La
reflectancia relativa (pd), la adhesion y la dureza se midieron por espectroscopia visible, ensayo de traccion (adhesion) y dureza
de lapiz, respectivamente. El recubrimiento elaborado a partir de a-Al.03/SiO, obtuvo los mejores resultados en todas las pruebas
realizadas, presentando un pd del 87% del espectro visible, con una dureza y adhesion de SH y 5B respectivamente, demostrando
asi que la alimina sintetizada puede reemplazar a la alimina comercial de alta pureza como precursor en la fabricacion de
reflectores.

Palabras Clave: Hidréxido de aluminio, y-alimina/SiO., a-alimina/SiO,, Reflectores difusos, Energia solar.
Abstract

In this work is shown the results of the synthesis and characterization of three compounds obtained from recycled aluminum
cans, which were aluminum hydroxide (Al(OH)s/SiO2), gamma-alumina (y-Al>03/SiO;) and alpha-alumina (a-Al203/SiOy) to
be used as precursors in the synthesis of coatings for the manufacture of Diffuse Reflectors (DR) that can be used to increase the
performance of solar systems, replacing commercial a-AlOs. The phases and morphology were determined by X-Ray
Diffraction (XRD) and Scanning Electron Microscopy (SEM). The relative reflectance (pd), adhesion and hardness were
measured by visible spectroscopy, pull-through test (adhesion) and pencil hardness, respectively. The coating made from a-
Al>,03/SiO; obtained the best results in all the tests carried out, presenting a pd of 87% of the visible spectrum, with hardness
and adhesion of 5H.and 5B respectively, thus demonstrating that the synthesized alumina can replace high-purity commercial
alumina as a precursor in the manufacture of reflectors.

Keywords: Aluminum hydroxide, y-alumina/SiO,, a-alumina/SiO,, Diffuse reflectors, Solar energy.

1. Introduction most important raw material for aluminum production
(Komlossy et al., 2022). These deposits are located mainly in

There are numerous deposits of bauxite in the world, a  tropical and subtropical areas, countries such as China, Guinea,
sedimentary rock that contains a significant concentration of ~ Brazil, Jamaica, Suriname, Indonesia, Malaysia and Australia
aluminum minerals, mostly in the form of aluminum  (Subasinghe et al., n.d.) and it usually takes 4 to 6 tons of
hydroxides and oxides (Al), which is why it is considered the ~ bauxite to produce one ton of aluminum, which causes a lot of

*Autor para la correspondencia: demetrio_fuentes@uaeh.edu.mx (Demetrio Fuentes-Hernandez) 3
Correo electrénico: ro422009@uaeh.edu.mx (Grecia Valeria Rodriguez-Martinez), miguel_ortega@uaeh.edu.mx (Miguel Angel Ortega-Gonzalez),
profe_974@uaeh.edu.mx (Felipe Legorreta-Garcia), luis_trujillo@uaeh.edu.mx (Luis Eduardo Trujillo-Villanueva),

ra422050@uaeh.edu.mx (Violeta Ramirez-Trejo), eachavezu@ipn.mx (Edgar Arturo Chavez-Urbiola) @ @ @ @
BY

Historial del manuscrito: recibido el 19/04/2025, ultima version-revisada recibida el 05/06/2005, aceptado el 11/12/2025, .
en linea (postprint) desde el 07/01/2026, publicado el DD/MM/AAAA.  DOI: https://doi.org/10.29057/icbi.v14i27.14939



https://repository.uaeh.edu.mx/revistas/index.php/icbi/issue/archive
mailto:demetrio_fuentes@uaeh.edu.mx
mailto:ro422009@uaeh.edu.mx
mailto:miguel_ortega@uaeh.edu.mx
mailto:profe_974@uaeh.edu.mx
mailto:luis_trujillo@uaeh.edu.mx
mailto:ra422050@uaeh.edu.mx
mailto:eachavezu@ipn.mx
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.es
https://orcid.org/0009-0006-1926-9159
https://orcid.org/0000-0003-4047-2099
https://orcid.org/0000-0001-6968-199X
https://orcid.org/0000-0002-0706-6219
https://orcid.org/0000-0002-4385-8547
https://orcid.org/0009-0004-2608-1002
https://orcid.org/0000-0002-1938-8610

G. V. Rodriguez-Martinez / Publicacién Semestral Padi Vol. 14 No. 27 (2021) 1-8 2

deforestation during its extraction (Contreras-Bustos et al.,
2003). The process begins with the extraction and refining of
bauxite to obtain alumina (aluminum oxide, Al.O3) (Authier-
Martin et al., 2001), subsequently, alumina can be obtained
from the Bayer process, by electrolysis (Habashi, n.d.). Al>O3
occurs in various crystalline forms, highlighting gamma (y),
which has a cubic crystalline structure, and alpha (o), with a
compact hexagonal structure (Garcia Mayorga et al., 2018).
Both forms exhibit exceptional physical and chemical
properties. From a physical perspective, it is known for its
durability, heat resistance, high hardness and reflectance to
visible light, as well as its electrical insulating capacity (Le
Men & Jiménez Piqué, 2009). These physical properties make
it a necessary material in the manufacture of abrasives and
protective coatings, among other uses (Di Prinzio & Lee,
2008).

From a chemical point of view, depending on its purity,
alumina is used in applications such as the production of
humidity sensors (Balde et al., 2015), enamels, paints (Roobol,
1997) and in the paper industry to improve its properties
(Bajpai, 2018; Chavez Cérdenas et al., 2022).

In Mexico, although alumina is processed, there are no
bauxite deposits, so it must be imported. This is because
deposits are limited worldwide; consequently, one alternative
for extracting aluminum is from waste containing this metal
(Lee Bray, 2019). A common waste is the iconic soft drink
cans, which are composed mainly of Al among other alloys, a
metal that has unique properties of lightness, durability and
corrosion resistance, making it essential in a variety of
industrial and consumer applications (Careaga, 1993;
Gonzalez Martinez, 2001).

The transformation of these residues is a process that
combines recycling and recovery of materials, which is why it
has become an effective alternative in the search for
sustainable and viable approaches in the aluminum industry
(Ozer et al., 2013; Weng & Fujiwara, 2011). As environmental
awareness and concerns about the depletion of natural
resources grow, innovation in obtaining valuable materials
from secondary sources is intensifying (Haraldson &
Johansson, 2018). This approach -has several significant
advantages, firstly, it reduces bauxite mining, which saves
resources and decreases the environmental footprint (Hong et
al., 2010).

Furthermore, the processing of alumina from recycled soft
drink cans contributes to the utilization of waste, offering an
orderly and organized solution for managing waste before
recycling. However, the need for storage facilities can also
represent a logistical and economic challenge, which could be
considered a negative aspect. This recycling technique helps to
close the life cycle of materials, promoting the circular
economy by reintroducing these products into the supply chain
(Gelles, 2007; Wang et al., 2007). Alumina possesses unique
properties that make it valuable in the field of optics. Due to
its reflective properties, alumina has been used in the
manufacture of DRs, which have become essential
components in various applications involving light
manipulation (Gonzalez et al., 2024). Light manipulation in
this context refers to how alumina reflectors control the
direction, intensity, and distribution of light to improve
efficiency in solar applications. Their ability to soften and
diffuse light makes these reflectors versatile tools for creating
bright environments and optimizing solar energy capture,

among other applications (Garcia-Mayorga et al., 2017;
Gonzalez et al., 2024). This increase in incident radiation
translates into an increase of up to 80% in electrical energy
production and 20 to 25% in photothermal performance, thus
contributing to better performance and greater profitability of
solar systems by more efficiently exploiting the available solar
energy (Asvad et al., 2023; Fuentes-Hernandez et al., 2020;
Mohsenzadeh & Hosseini, 2015; Rénnelid Mats et al., 1999;
Saitoh et al., 2003).

This technology was proposed by Tabor in 1966 (Tabor,
1966) and since then various investigations have been
developed, ranging from polished metal surfacesto multilayer
coatings of metals, ceramics and polymers, with ceramics
showing greater resistance in environmental conditions of
humidity and erosion.

(Kennedy et al., 1997) they developed low-cost, highly
durable reflectors for thermal systems with reflectance
exceeding 90% for at least 10 years using a layered
composition of Polyethylene Terephthalate (PET), copper,
silver, and alumina using lon Beam Assisted Deposition
(IBAD). The reflectors were shown to maintain their optical
properties for 21 months under real-world conditions in
Colorado, USA. However, they encountered manufacturing
problems because the alumina deposits too slowly using this
technique. This pioneering study laid the groundwork for
modern polymer reflectors. Today, technologies such as thin-
film mirrors.in Concentrated Solar Power (CSP) plants inherit
these principles, albeit with improvements in deposition and
materials.

(Abd-Elhady, 2020) evaluated the impact of metallic
reflectors on parabolic trough solar collectors for water
desalination by analyzing the reflectivity of different materials,
roughness, and desalinated water production for application in
countries in the Middle East and North Africa. In their study,
they determined that materials such as galvanized steel,
stainless steel, and copper behave as good reflectors, reaching
reflectivity values of 52, 34, and 19%, respectively.
Nevertheless, they have values far from aluminum, which
presented between 70 and 93%, and barium sulfate, 100%;
however, the latter failed to adhere to a metallic substrate. In
the specific case of aluminum, it was determined that the
greater its roughness, the greater its reflective capacity.

(Gonzalez et al., 2024) they developed a ceramic-based
reflector deposited on a low-carbon steel substrate with the
capacity to reflect 86.95% of the visible wavelengths with high
hardness (4H) and adhesion (5B) after testing different
materials with high reflectance such as a-alumina (93.71%),
titanium dioxide (98%) and celestite (79.81%), the first being
the one that presented the best hardness and adhesion
properties, providing the aforementioned values as a coating.
This is of great relevance since, unlike the scarcity of mineral
resources for aluminum production, Mexico's average solar
radiation is 9.58 to 10.51 kWh/m?, making it an attractive
country for harnessing solar energy, whether photovoltaic or
photothermal, for domestic, commercial, and industrial
applications (Herndndez et al., 2024). Nonetheless, this
technology can not only be used in countries close to the
Equator where irradiance conditions (G) are high, but on the
contrary, in regions where incident solar radiation is
considerably lower or where the hours of sunshine are lower,
this technology can increase the generation of photovoltaic
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energy or increase the operating temperature of working fluids
(Ronnelid Mats et al., 1999).

(Brogren et al., 2004) They evaluated the optical
properties, durability, and performance of an aluminum and
PET coated steel reflector using reflectance measurement, an
accelerated  conditions  chamber, and performance
measurement in photovoltaic and photothermal systems. This
resulted in a lightweight and flexible device capable of
reflecting up to 82% of solar radiation under conditions in
Alvkarleby, Sweden.

(Gelegenis et al., 2015) They evaluated the technical and
economic feasibility of using reflectors in photovoltaic
systems to increase incident solar radiation under ambient
conditions in Greece, Sweden, and Japan. They found that
irradiance can be increased by 10 to 30% depending on the
configuration and geographic location. Specifically, a 24%
increase was achieved in Sweden with reflectors 2 to 5 times
the width of the panel. In Japan, a concentration 1.5 times that
of normal midday conditions was achieved, and 2.7 times that
of normal midday conditions if the reflectors were 2.7 times
the width of the panel.

Within the framework of this research, three types of
compounds were obtained, Al (OH)s/SiO,, y-Al,03/SiO; and
a-Al>03/SiO,. These materials were obtained from aluminum
cans and are intended to serve as a precursor in the synthesis
of the reflective coating that was deposited on a low-carbon
1008 stainless steel substrate, such as the one developed by
(Gonzalez et al., 2024), the last of these being the one that
presented better reflectance.

This method of obtaining alumina is significant for
reducing the environmental impact associated with electricity
and water consumption in aluminum production, thus
efficiently utilizing a waste product and turning it into an
essential component in the manufacturing of devices that seek
to enhance innovative energy processes  with - low
environmental impact.

2. Materials and methods

The general description of the procedure used for the
synthesis of the products is presented in Figure 1. Following
this, the process and-characterization techniques used during
this research are described in detail.

2.1. Synthesis of powder compounds
2.1.1. Dissolution of Al waste

The AI(OH)s/SiO, was obtained following the
methodology of (Ibarra-Cruz et al., 2024), using aluminum
cans as the raw material, with the only difference that for this
study the sieving was carried out at 149 micrometers (mesh
#30). In this process the can bodies were cut, milled, and sieved
to obtain small particles (~ 1 mm). Subsequently, an alkaline
digestion was performed with 2.5 M NaOH, with stirring (200
rpm) for 24 h at room temperature.

The products were filtered, and the resulting solution was
neutralized with concentrated HCI to pH 7, yielding a white,
gelatinous aluminum hydroxide. The precipitate was washed
with distilled water and dried at 90 °C for 24 h.

2.1.2. Calcination of AI(OH)3/SiO;

Once the AI(OH)3/SiO; sample was dry, it was crushed
with an agate mortar and sieved to a #325 mesh to obtain fine
particles, which were placed in two different crucibles to be
subjected to 900 and 1400 °C to obtain y and a alumina
respectively. The heating ramp was set at 10°C/min until
reaching 100°C, where it remained for 30 minutes to continue
heating at the same speed, reaching the desired temperature
where it was maintained for 3 h for y-Al,03/SiO; alumina and
6 h for a-Al,03/SiO; alumina, depending on-each sample.

2.2. Characterization of powder compounds
2.2.1. X-Ray Diffraction

The three compounds obtained together with the metallic
aluminum were characterized at room temperature to identify
the crystalline phases, with an INEL brand diffractometer,
Equinox 2000 model, the irradiation source was CoKal
(2=1.789010 A), with a curved detector, applying a voltage of
30 kV, the X-Ray diffraction patterns were indexed with the
software, Crystal Impact Match.

Size reduction by mechanical
a) Alumigum can (19g) 3 "
» crushing ( #30 mesh)
b)
Filtering and washing ) _ Neutralization with HCI ¢) — d) Filtering and washing

- Obtaining aluminum hydroxide ‘ 2 Calcine
(s) Al(OH)3 + AlO (OH)

NaOH solution
€)
H: release (g)

—

Drying at 90°C for 24
' ’ l

900°C (v-AlLO5)
1400°C (a-AL,0; )

Figure 1. Process for obtaining alumina (y — Al,03) and alumina (a. -
Alzo3).
Note: The image has been created and edited by the authors.

2.2.2. Scanning Electron Microscopy and Energy Dispersive
Spectroscopy

Powder samples of the three compounds were studied using
a Jeol IT 300 variable pressure scanning electron microscope.
Semi-quantitative spot analyses were performed on scan areas
of approximately 4.5 mm?.

2.2.3. Measurement of relative reflectance

Once the crystalline structure was determined, the most
important characterization for this study was carried out by
visible light spectroscopy (VIS) using an Ocean Optics
USB3000 spectrometer, calibrated with barium sulfate
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provided by the manufacturer, which was considered as 100%
reflectance. The analysis was carried out in the range of 400 to
800 nm to know the percentage of reflectance of each of the
compounds in the visible spectrum, given that most of the
semiconductor materials used in the manufacture of
photovoltaic cells have the capacity to absorb and convert
these wavelengths into electricity.

2.2.4. Elemental chemical composition by X-Ray Fluorescence

Metallic Al, AI(OH)3/SiO,, y-Al,03/SiO; and a-
Al>,03/SiO; powders were analyzed to identify the chemical
composition of the major elements. The analysis was
performed by drying the samples at 110 °C for 2 h, 0.8 g of
AIl(OH)3/SiO2, alumina y-Al,03/SiO; and a-Al,03/SiO,, were
taken and mixed with 7.8 g of lithium borate (Li-B4O7) for
fusion and obtaining a pearl. Loss On Ignition (LOI) was
determined by heating 1.0 g of dry ground sample at 950 °C
for 1 h and subsequently measuring the percentage of weight
loss.

2.3. Synthesis of reflective coatings

Three reflective coatings were synthesized, each with one
of the compounds obtained following the methodology of
(Gonzalez et al., 2024). The suspension was applied on the
SAE 1008 enameled low carbon steel substrate with
dimensions of 7.6 cm x 2.5 cm and a caliber of 24 (0.6 mm),
by spraying with a Carman® brand 400 series gravity gun,
allowing it to dry for 24 hours at room temperature, and then
heat treated in an oven for 1 hour at 100°C.

2.3.1. Reflective reflectance of coatings

This property was measured in the same way, with the same
equipment and same conditions as the powder compounds, to
determine the variation in this optical property once the
precursors were mixed with other reagents that adhere it to the
substrate.

2.3.2. Hardness evaluation (ASTM D3363)

The test was performed on the reflective coating, this
procedure is based on the pencil method, which is a widely
used mechanical approach to measuring surface resistance.
The ASTM D3363 reference standard provides this standard
for evaluating the surface hardness of these coatings, using
graphite tips (See Figure 2a).

2.3.3. Adhesion measurement (ASTM D3359)

The measurement was carried out using the adhesive tape
method, a widely adopted mechanical approach to measuring
the bond strength between the coating and the steel substrate.
The ASTM D3359 reference standard establishes a standard
method for assessing this property, comparing the results with
descriptions and illustrations according to the guidelines of the
standard shown in Figure 2. b), which shows the cross-
sectional area where flaking occurred for 6 parallel cuts and
the adhesion range in %. This information is key to correctly
interpreting the results obtained.

6B 5B 4B 3B 2B B HB H 2H 3H 4H 5H 6H
) -

Softer | Harder
b)
Surface of cross-cut area z
from which flaking has | None | 34HH: e Grlef)lor
occurred. (Example tor 6 “_‘f‘”
porallel cuts) 65%
Classification 5 4 3 2 1 0

Figure 2. a) Hardness measurement and b) Adhesion measurement scale.
Note: Figures obtained from a) (Lee et al., 2020) and b) (Cai et al., 2020).

3. Results and discussion

3.1. Elemental crystallographic and chemical analysis of
powdered Al and its compounds

The characteristic crystallographic planes (111), (200) and
(220) were detected, with the 'PDF file 96-431-3211,
confirming that the alloy has high contents of metallic
aluminum as shown in Figure 3. The elemental composition of
the Al alloy is equivalent to that reported by (Ibarra-Cruz et al.,
2024), expressed in mass percentage, exhibiting a diversity of
metals found, with typical values for this type of alloys
according to (Davis J. R., 1993). The presence of Al in the
sample is notable, representing 95.89% by mass, in agreement
with the results derived from the crystallographic analysis. In
addition, the presence of magnesium (Mg) and manganese
(Mn) is detected at approximately 1% by mass, along with the
presence of silicon (Si) and iron (Fe) at values close to 0.5%
by mass. In this sense, the washing and purification process
was essential to eliminate impurities formed during the
synthesis due to the reaction of the rest of the elements present
in the alloy and thus achieve a higher purity alumina. This can
be key to achieving the desired properties in specific
applications, allowing the composition to be adjusted to
achieve optimal levels of reflectance, adhesion, and hardness
in the final materials.

600 - (i1)

500

8
=3

(200)
200

T R—

0
10 20 30 40 50 60 70 80
2 theta ( Degrees)
Figure 3. Diffractogram of powdered aluminum.
Note: Diffractogram generated by the authors from the experimental
information.

(220)

Intensity (Counts)
w
(=3
[=3

-
=3
o

In the case of AI(OH)3/SiO,, a loss on calcination of 21.1%
was evident, while impurities of SiO, and NaO, were detected,
representing 1.58% by mass. During solid-state filtration, the
other components appeared as metal oxides or hydroxides. The
detailed chemical composition of the sample as below, Al,O3
(74.400%), SiO, (1.58%), MgO (0.254%), CaO (0.554%),
Na2O (1.06%), Fe,03 (0.027%), Cl (0.682%), P»0s (0.011%),
S0; (0.336%). The sum of these components together with the
loss on ignition of 21.1% reached 100.00% total.
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3.2. Crystallographic analysis of AI(OH)3/SiO,, y-(Al,03/SiOy)
and a-(A|203/Si02)

The AI(OH)3/SiO; diffractogram is shown in Figure 4 (a).
The identified phases correspond to the orthorhombic crystal
structure of boehmite (PDF file 01-083-2384). The width and
height of the peaks indicate a very small crystal size, which
could suggest the presence of a high specific surface area
according to (Castruita et al., 2013; Johnston et al., 2002). For
b) y-Al>04/SiO,. The identified phases correspond to the cubic
crystal structure and cell parameters a = 7.9056 A, (PDF file
01-080-0955). The width and height of the peaks indicate a
small crystal size; therefore, it could also have a high surface
area according to (Wen & Yen, 2000). And c) In the analysis
of the a-Al03/SiO; powder, two distinct phases can be
distinguished. The first corresponds to aluminum oxide (o-
Al;03/Si03), which exhibits a rhombohedral structure with the
characteristic peaks (012) (104) (110) (113) (024) (116) and
cell parameters a = 4.754 A, ¢ = 12.99 A (PDF file 01-071-
1683). The width and height of the peaks indicate a large
crystal size according to (Jellinek & Fankuchen, 1945; Wen &
Yen, 2000). On the other hand, the second phase corresponds
to the aluminum and silicon oxide Al,SiOs, with (PDF file 01-
088-0890). The presence of SiO, can be attributed to an
impurity that could not be removed during the washing
process, and which is a product of the alloying agents included
in the original material.

3.3. Scanning electron microscopy of the composites SiO,)

The micrographs of AI(OH)3/SiO, powder are shown in
Figure 5 a). Agglomerates of amorphous particles with
polygonal and some circular shapes, ranging in size from 5 to
10 um, are observed. These particles exhibit a rough surface
and are composed of different sizes. Figure 5 b) shows the y-
Al>03/SiO; alumina at x2000 magnification. Agglomerates are
mostly polygonal in shape, the largest of which are between 8
and 10 um in size, some of which have a smooth surface.
Finally, in Figure 5 c) for the a-Al;03/SiO; alumina with
x2000 magnification, groups of micrometric-sized particles
with more defined plate shapes can be observed, some
elongated rectangular and others with polygonal shapes, most
have a smooth surface and vary in size between 8 and 10 pum.

3.4. Synthesis of reflective coatings using Al(OH)s/SiOy, -
A|203/Si02 and a-A|203/Si02

The coatings obtained are shown in Figure 6 where a)
Al(OH)3/Si0Oz, b) y-Al,03/SiO2 and ¢) a-Al03/SiOz. 1t is
noticeable that although the three coatings are white, they do
not have the same degree of whiteness. This is due to the
amount of visible radiation they are capable of reflecting; the
reflectance values obtained are shown in Table 1.

3.5. Analysis of relative diffuse reflectance spectroscopy (pd)

Table 1 shows a comparison of the results of the optical
characterization of the three compounds obtained from the
processing of aluminum and the coatings. In this it can be
observed that the a-Al>O03/SiO; stands out for having a higher
reflectance compared to the y-Al,03/SiO, and AI(OH)3/SiO,,

this is due to its ordered crystalline structure and its uniform
surface, on the contrary the AI(OH)3/SiO; presents the lower
value, this is assumed, is due to its high specific surface area
as observed in Figure 5 a), which can be more porous, allowing
it to reflect light diffusely. However, this porosity also
translates into greater light absorption, which, in turn, is
reflected in a decrease in diffuse reflectance in relation to the
other compounds (Lach & Bighley, 1970; Phambu, 2003). For
its part, in the case of the coatings synthesized with o-
Aly03/SiO,, also it presents a higher relative reflectance
compared to those obtained with the other compounds as also
shown in Figure 7, this is in accordance with what was shown
in the reflectance analysis of the powder compounds.
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Figure 4. a) Identification of the AI(OH)3/SiO; phases, b) y-Al,O4/SiO; c) o-
Al,04/SiO,. The orange Miller indices correspond to the aluminum and
silicon oxide Al,SiOs.

Note: Figure created by the authors based on experimental data.
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and o-Al,03/SiO,, with a value of 5H indicating that the
material exhibits greater resistance to scratches and
mechanical wear in the open air.

5 Ala 03 -14ao

S 3
Al (0R)3 qaocc Sf Horao 6
o
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Figure 6. Coatings on the substrate of the three compounds.
Note: Images obtained by the authors of the original samples.
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where the one made with Al(OH)3 /SiO; has a value of 4H on 400 500 600 700
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Figure 7. Reflectance spectra of a) AI(OH); /SiO,, b) y-Al,04/SiO; and c) a-
Al,03/SiO;
Note: Figures obtained directly from the samples.

3.7. Adhesion analysis

In the tests of the coatings with AI(OH)3)/SiO, y-Al,03/SiO;
and a-Al,03/SiO,, an adhesion value of 5B was obtained for
each of them, as indicated in Table 1. The excellent adhesion
is attributed to the spray application, which offers significant
advantages in terms of solid anchoring, layer uniformity,
greater kinetic energy, favorable chemical interactions, and
tensile strength.

Table 1. Relative diffuse reflectance (powders and coatings), adhesion and
hardness of coatings.

pd (%)
Sample : Adherence Hardness
Powder  Coatings
AI(OH);) /SiO,  101.37 84.75 5B 4H
v-Al,03/Si0;  102.68 85.08 5B 5H
a-Al;0:/Si0,  104.22 87.00 5B 5H
(X-A|203
(Gonzalezet  93.71 78.31 5B 4H
al., 2024)

4. Conclusions and discussion

Alumina from recycling may present variations in its
composition due to the alloys and the production process. The
latter is based on the fact that, during the analysis, other
common elements were detected in aluminum alloys, which
could not be eliminated in the aluminum hydroxide
manufacturing process.

Scanning electron microscopy analysis of AI(OH)3/SiO», y-
Al>03/SiO; and a-Al,03/SiO; powders reveals the presence of
agglomerates of amorphous particles with variable shapes and
sizes. While AI(OH)s/SiO, shows polygonal and circular
particles between 5 and 10 pum with a rough surface, y-
Al;03/SiO; and a-Al03/SiO, present mostly polygonal
agglomerates of similar size and smooth surface, although with
variations in their morphology and size, this does not seem to
significantly modify the reflective behavior of the material or

the other mechanical properties in any of the three cases. UV-
Vis spectroscopy revealed distinctive reflectance properties of
the particles, highlighting the influence of porosity and
crystalline structure on their optical properties. Two notable
values were observed, 102.68% for y-Al,03/SiO; and 104.22%
for a-Al,03/SiO,. In contrast, a lower diffuse reflectance was
recorded for AI(OH)3/SiO2, with a value of 101.37%, which is
attributed to the size of the crystalline structures and their
interaction with the wavelengths of the visible spectrum. A
detailed future analysis is warranted regarding the possibility
of replacing a-Al,O3/SiO2 with y-Al,Os/SiO, due to the
considerably lower amount of energy used in its production
compared to its hexagonal counterpart and the energy that they
will be able to help produce. Likewise, the hardness analysis
of the coatings showed a relationship between porosity and
resistance, with aluminum hydroxide showing lower resistance
compared to y-Al,03/SiO; ‘and a-Al,03/SiO2, however, it is
noteworthy that the -coatings achieved good adhesion,
obtaining a uniform result of 5B on the evaluation scale, this
due to the spraying method. Based on the above description
and the comparison of properties in Table 1, it is concluded
that a-Al,03/SiO; can replace high-purity commercial alumina
in the synthesis of coatings for the manufacture of diffuse
reinforcement reflectors and, consequently, improve the
generation of renewable energy from the use and recycling of
aluminum waste.
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