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Abstract

Carbon quantum dots (CQDs) are spherical nanoparticles (CNPs) with a size between 2-10 nm
and a crystalline structure. They have unique properties, such as high biocompatibility and
luminescence produced by their absorbance and emission of light. This shows optical properties
that are not seen in larger scale materials. Due to their low toxicity, CQDs offer a versatile
platform for various applications, including medical diagnosis, bioimaging, substance detection,
controlled drug release, photodynamic therapy and biomarking techniques. They can be
synthesized by methods such as ultrasound and microwaves, pyrolysis, hydrothermal synthesis,
or exfoliation of carbon materials. Their study and development is an active area of research in
biotechnology, nanotechnology and materials science. This work focuses on the properties that
this type of nanoparticle has, the synthesis used for its manufacture and the possible uses as a tool
in different biotechnological processes.
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Resumen

Los puntos Cuanticos de carbono (CQDs) son nanoparticulas de forma esférica (CNPs) con un
tamafio entre 2-10 nm y una estructura cristalina. Cuentan con propiedades Unicas, como elevada
biocompatibilidad y luminiscencia producida por su absorbancia y emision de luz. Lo que exhibe
propiedades 6pticas que no se observan en materiales a mayor escala. Debido a su baja toxicidad
los CQDs ofrecen una plataforma versatil para diversas aplicaciones, incluyendo diagnéstico
médico, bioimagen, deteccién de sustancias, liberacion controlada de farmacos, terapia
fotodindmica y técnicas de biomarcaje. Pueden ser sintetizados mediante métodos como
ultrasonido y microondas, pirélisis, sintesis hidrotermal o exfoliacion de materiales de carbono.
Su estudio y desarrollo es un érea activa de investigacion en biotecnologia, nanotecnologia y
ciencia de materiales. El presente trabajo se enfoca en las propiedades que este tipo de
nanoparticula posee, la sintesis usada para su fabricacion y los posibles usos como herramienta
en los diferentes procesos biotecnolégicos.
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Introduction

Quantum dots (QDs) are small semiconductor
nanoparticles (NPs) of 2 to 10 nanometers (nm)
in diameter. They are composed of various
materials, including semiconductors, metals and
carbon. They typically contain only 100,000
atoms and have a well-defined crystalline
structure, allowing them to reveal unique optical
and electronic properties (Tao et al., 2019).

They possess qualities such as electron
confinement, energy quantization and the ability
to absorb and emit light at different wavelengths
depending on their composition and size.
Furthermore, due to their tiny size, QDs suffer
several quantum effects such as the
discretization of their energy bands. Under these
characteristics, QDs can interact with light and
matter differently than materials on a larger
scale; this is due to the quantum confinement
effect, which occurs when particles are so small
that electrons behave differently due to energy
quantization. Quantum confinement occurs
when the diameter of the crystal is smaller than
its Bohr radius and influences the properties of
the QDs to be quite different from those of
macroscopic materials (B.H. Juarez, 2011).

An attractive property of these NPs is
that they show confinement in the three
directions of space; this is because the electrons
are restricted to move in extremely small
regions, less than 10 nm.

QDs can be considered nanocrystalline
due to their crystalline structure and nanometric
size; and since they are made up of
semiconductor materials, they have a valence
band (saturated with electrons) and a conduction
band (empty energy band) separated by an
energy difference called a gap.

The luminescent process in quantum dots
occurs through the emission of light when
electrons relax from a higher energy state to a
lower energy state. This process consists of four
stages, excitation, relaxation, emission and
recombination. During the excitation phase, the
QDs absorb the energy of incident light, which
excites the electrons in the valence band and
leads them to a higher energy state in the
conduction band, leaving gaps in the Valence
band.
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When the excitation phase ends, the
relaxation phase begins; in this phase the
electrons in the state of higher energy are relaxed
toward the lowest energy state, releasing the
excess of this in the form of light generated as a
radiative combination between the generated
electrons and holes, causing the emission of
photons with a defined energy. This gives way
to the emission phase, where the emitted light
has a specific wavelength, which depends on the
size and composition calculated by the
separation between the two energy levels.
Finally, the recombination phase is reached, in
which electrons and gaps recombine, releasing
excess energy in the form of light (Cui etal.,
2018).

The importance of knowledge of
quantum dots lies in their potential to be used in
a variety of biotechnological applications such
as bioimaging, photodynamic therapy, drug
administration, medical diagnosis, genetic
applications, bioassays, biosensor development,
among others. In addition to their applications,
they can enhance understanding of different
biological processes to develop new tools and
technologies for creating smaller and more
efficient devices and materials, while promoting
understanding of quantum physics and its
applications in engineering.

The added value of quantum dots
development in the present work is the use of
carbon as a basis; as it is more sustainable
compared to its manufacture with other
materials, as they can be produced from
renewable sources of carbon. This feature makes
them biocompatible and of low toxicity, without
losing their chemical stability, resulting in a
great resistance in aggressive environments and
endowing them with a great versatility, as they
can be functionalized with different chemical
groups. Not to mention that its profitability is
quite attractive, as it is considerably lower
compared to other materials.

The present work seeks to obtain the
optimal conditions for the synthesis and
characterization of carbon-based QD for IR and
UV-VIS tests to analyse the scope of these
possess and taking that into account consider
what uses could give them for their
implementation in the biotechnological area.

Granados-Olvera, Jorge Alberto, Calvillo-Beltran, Sofia Valentina, Arroyo-
Ordofiez, Ivan and Rangel-Ruiz, Karelia Liliana. [2024]. Synthesis and
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Background

The term quantum dots is mainly associated with
nanoparticles with diameters less than 10 nm,
typically based on a metal and a nonmetal
(commonly group 15 or 16), which show
different optical properties not only from
macroscopic  materials, but also from
corresponding nanoparticles with sizes greater
than 10 nm (Murray et al., 2000). This is due to
electronic confinement (also called quantum
confinement) due to the small particle size
(Ashoori, 1996), which for this type of materials
results in photon absorption typical in the near
UV or the visible and strong emission (high
quantum vyield — ratio of photons emitted
between those absorbed) adjustable throughout
the visible range. Semiconductor quantum dots
were discovered in 1980 by two independent
groups, one in Russia by Alexei I. EKimov in a
glass array; and the other in the United States of
America by Louis E. Brus and Alexander Afros
who obtained them in colloidal solutions
(Akimov & AMP; Anshchenko, 2023).

Currently, they are being researched for
electro-optical applications such as photovoltaic
devices (such as dyes absorbing sunlight), light-
emitting diodes (already with commercial
applications such as their use in QLED
televisions, for example), photosensing,
photocatalysis and bioimaging (as an alternative
to traditional stains for fluorescent microscopy)
(Bera etal.,, 2010; Kairdolf etal., 2013;
Martynenko et al., 2017).

The range of applications for quantum
dots is wide, however, there are concerns about
the effect on health and the environment with the
use and disposal of these materials which
include metal ions such as Cd2+, Pb2+ as well
as some non-metals such as As3-, Se2-, and Te2-
considered toxic (Filali etal., 2020; Hardman,
2006).

From this point lies the interest in less
dangerous alternatives, such as carbon-based
guantum dots (CQDs). These were discovered in
2004 when researchers purified the soot residue
of arc flash by synthesizing carbon nanotubes
and noticed unexpected fluorescent properties
(Xu et al., 2004).
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Since that study to date, there has been
great progress in the scientific community that
seeks to replace inorganic quantum dots with
carbon quantum dots that can provide similar
properties with simple syntheses, at low cost,
using widely available precursors, with easy
waste management, lower toxicity and greater
biocompatibility, for use in areas of medicine
and energy mainly.

Synthesis of CQDs

The synthesis of CQDs tends to include a
breakdown, polymerization, and carbonization
of molecules. Normally this process occurs in
some aqueous medium, so the final functional
groups on the surface of CQDs are hydrophilic
(Cayuela et al., 2016).

In the present paper the CQDs were
synthesized using an organic precursor;
piloncillo, this contains carbohydrates such as
sucrose, glucose and fructose. This means that it
has functional groups such as -OH and -CO;
these groups can dehydrate at high temperatures,
which is why it was decided to carry out this
synthesis by ultrasound and microwave. This
process by which synthesis is carried out is
called sonication, and the type of chemistry used
in this technique is known as Sonochemistry
(Dong et al., 2013).

Methodology

The synthesis of quantum points of carbon was
carried out using a green synthesis taking as a
precursor the glucose from the piloncillo, a base
of Sodium Hydroxide (NaOH), Hydrochloric
Acid (HCI) and an ammonia base (NHs), thus
obtaining a homogeneous solution (Figure 1).

Figure 1

Homogeneous solutions with piloncillo as a precursor
and base of NH3 (right vessel), NaOH (medium vessel)
and HCI (left vessel)

Source: Own elaboration

Granados-Olvera, Jorge Alberto, Calvillo-Beltran, Sofia Valentina, Arroyo-
Ordofiez, Ivan and Rangel-Ruiz, Karelia Liliana. [2024]. Synthesis and
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Experimental Systems. 11[30]-1-7: e11130107.
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The sample is crushed with the help of a
mortar until a fine powder is obtained from it,
subsequently 3 solutions were prepared in which
they were mixed at 1.0 M of the respective
powder, using this unique concentration for the
3 different solutions with 30 mL of distilled
water each, consequently they were stirred to
obtain a homogeneous mixture with the
piloncillo respectively.

Once prepared the solutions with
distilled water and the sample were subjected to
the ultrasonic cube for a period of 30 minutes
(Figure 2).

Figure 2
Solutions subjected to ultrasonic cleaning

Source: Own elaboration

The solutions were subsequently
prepared with NaOH, HCI and NH3. For the
NaOH solution, 30 mL of distilled water and one
1.0 M solution were used, for the HCI and NH3
solution, a combination of 30 ml of distilled
water and a 30% V-V solution was used, and the
solutions were shaken until they were
completely diluted.

To complete this process, the
homogeneous mixture of piloncillo is placed in
a precipitated jar and the precursor solutions are
added to it (Figure 3), again the mixtures are
shaken for 15 minutes, subsequently exposed for
30 minutes to the ultrasonic cube and finally
subjected to microwave for 7 minutes at a power
of 10 Watts.
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Figure 3

Precursor solution with homogenized base solution and
NH3 (right vessel), NaOH (medium vessel) and HCI
(left vessel)

Source: Own elaboration

Figure 4

CQDs with UV exposure

Source: Own elaboration
Uv-vis spectroscopy

The different solutions contained in the CQDs
were exposed to ultraviolet light radiation, to
visually check for luminescent properties. Figure
4 shows samples obtained from CQDs with and
without ultraviolet radiation where the presence
of luminescent properties is confirmed.

The aquatic solutions of quantum dots
have their maximum excitation at 341 nm within
the ultraviolet spectrum and an emission close to
442 nm inside the visible range in a cyan-blue
color.

Granados-Olvera, Jorge Alberto, Calvillo-Beltran, Sofia Valentina, Arroyo-
Ordofiez, Ivan and Rangel-Ruiz, Karelia Liliana. [2024]. Synthesis and
characterization of carbon-based quantum dots for use in biotechnology. Journal of
Experimental Systems. 11[30]-1-7: e11130107.

DOI: https://doi.org/10.35429/JOES.2024.11.30.1.7


https://doi.org/

Journal of Experimental Systems

5
11[30]1-7: e11130107

Article

From the spectroscopes it is observed
that the intensity of luminescence depends on the
increase in the concentration of organic material
(Figure 5) until it reaches an over-saturation in
concentration and has a decrease in intensity due
to a phenomenon called cooling of
concentration, on the other hand, the
luminescent intensity will depend on the reaction
time.

f

7 7 7 T i
300 400 500 600 700 800 900
Wavelength, nm

Figure 5
UV-Visible Spectrum of Quantum Carbon Dots

Source: Own elaboration

UV-Visible  spectra  show  wide
absorption at 280 nm (Figure 5) which is
consistent with what is in various research (A.
Mewada, 2013).

The quantum carbon dots have
absorption bands at 250 and 280 nm, (Figure 2),
which correspond to the bond and transition -
n* between carbon atoms C=C of aromatic
domains, such absorptions are attributed to the
Nn- « transition of the bands C=0 and C = C. On
the other hand, an absorption at 280 nm is
observed indicating the presence of carbon
nanoparticles.

FT-IR spectroscopy

Infrared spectroscopy was used to identify
functional groups present in the carbon quantum
points of the representative samples. IR
spectroscopes (Figure 6) show absorption bands
present at 3339, 2118, 1627 and 1159 at 1021
cm-1, indicating the existence of functional
groups OH-, C-H, C-N, C=C and C-O, C-OH, C
-O-C, COOH, C = C (\Valencia, 2019).
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From these results the quantum carbon
dots obtained from piloncillo are composed of
multiple functional groups which makes them
highly soluble in water and makes them good
candidates  for  their  application in
biotechnology.
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Figure 6

FT-IR spectrum of Quantum Carbon Dots

Source: Own elaboration

Another variable to which the maximum
intensity is attributed is to concentration; where
at lower concentrations greater intensity,
because at less matter, there is greater number of
interactions for the formation of quantum dots.
(Metha, 2014).

Conclusion

Quantum carbon dots were synthesized, with
different solvents, obtained from piloncillo,
which are cost-effective for their low cost of
synthesis and environmentally friendly. Optimal
emission conditions were found at a
concentration of 0.1M in a time of 3 hours,
presenting a maximum excitation at 280 nm,
which will allow surface passivation for
anchoring with biomolecules for application in
biotechnology.

According to the FTIR analysis, the
functional groups OH-, C-H, C-N, C = C and C-
O, C-OH, C-0-C, COOH, C=C are identified
as responsible for the functionalization of the
surface that allowed the obtaining of
luminescent properties (blue emission when
excited by ultraviolet light with a wavelength of
254 nm).

Granados-Olvera, Jorge Alberto, Calvillo-Beltran, Sofia Valentina, Arroyo-
Ordofiez, Ivan and Rangel-Ruiz, Karelia Liliana. [2024]. Synthesis and
characterization of carbon-based quantum dots for use in biotechnology. Journal of
Experimental Systems. 11[30]-1-7: e11130107.

DOI: https://doi.org/10.35429/JOES.2024.11.30.1.7


https://doi.org/

Journal of Experimental Systems

6
11[30]1-7: e11130107

Article
Declarations
Conflict of interest

The authors declare no interest conflict. They
have no known competing financial interests or
personal relationships that could have appeared
to influence the article reported in this article.

Authors' Contribution

The contribution of each researcher in each of
the points developed in this research, was
defined based on:

Granados-Olvera, Jorge Alberto: Contributed to
the project conception, research method and
synthesis. He performed the analysis of results
and the characterization of quantum dots, as well
as the writing of the article.

Calvillo-Beltran, Sofia Valentina: Conducted
the synthesis of quantum dots and collaborated
in the development of graphs for the evaluation
of results. She also contributed to the drafting of
the article.

Arroyo-Ordofiez, Ivan: Contributed to the
development of the research and the
introduction, the type of quantum dots and the
results collection. He also helps with the
approached and the writing of the article.

Rangel-Ruiz, Karelia Liliana: Worked on the
search for applications of quantum dots in the
biotechnology area and on data collection. She
also collaborated in the writing of the document.

Availability of data and materials

The availability of materials is quite wide, and
they are in the industrial category due to since
the precursor, in this case piloncillo, can be
easily obtained in different grocery stores. The
equipment used for the Sonochemical technique
is inexpensive compared to other methods and
gives optimal results. The data, on the other
hand, were obtained from the spectra and
graphed with a program.

Funding

The research did not receive any funding.

ISSN: 2410-3950
RENIECYT-CONAHCYT: 1702902
ECORFAN® All rights reserved.

Acknowledgements

The research did not receive any funding from
an institution, university, or company.

Abbreviations

CNPs: Core-Shell Nanoparticles
CQDs: Carbon Quantum Dots
nm: Nanometer

NPs: Nanoparticles

QDs: Quantum Dots

UV-vis: Visible ultraviolet
References

Antecedents

Dong, Y., Pang, H., Yang, H. B., Guo, C., Shao,
J.,Chi, Y., Li, C. M., & Yu, T. (2013). Carbon-
Based Dots Co-doped with Nitrogen and Sulfur
for High Quantum Yield and Excitation-
Independent Emission. Angewandte Chemie
International Edition, 52(30), 7800-7804.
https://doi.org/10.1002/anie.201301114

Supports

Cayuela, A., Carrillo-Carrién, C., Soriano, M.
L., Parak, W. J., & Valcarcel, M. (2016). One-
Step Synthesis and Characterization of N-Doped
Carbon Nanodots for Sensing in Organic Media.
Analytical Chemistry, 88(6), 3178-3185.
https://doi.org/10.1021/acs.analchem.5b04523

Mehta, V. N., Jha, S., Singhal, R. K., & Kailasa,
S. K. (2014). Preparation of multicolor emitting
carbon dots for HelLa cell imaging. New J.
Chem., 38(12), 6152-6160.
https://doi.org/10.1039/C4NJ00840E

Murray, C. B., Kagan, C. R., & Bawendi, M. G.
(2000). Synthesis and Characterization of
Monodisperse Nanocrystals and Close-Packed
Nanocrystal Assemblies. Annual Review of
Materials Science, 30(2), 545-610.
https://doi.org/10.1146/annurev.matsci.30.1.545

Granados-Olvera, Jorge Alberto, Calvillo-Beltran, Sofia Valentina, Arroyo-
Ordofiez, Ivan and Rangel-Ruiz, Karelia Liliana. [2024]. Synthesis and
characterization of carbon-based quantum dots for use in biotechnology. Journal of
Experimental Systems. 11[30]-1-7: e11130107.

DOI: https://doi.org/10.35429/JOES.2024.11.30.1.7


https://doi.org/
https://doi.org/10.1002/anie.201301114
https://doi.org/10.1021/acs.analchem.5b04523
https://doi.org/10.1039/C4NJ00840E
https://doi.org/10.1146/annurev.matsci.30.1.545

Journal of Experimental Systems

7
11[30]1-7: e11130107

Article

Xu, X., Ray, R., Gu, Y., Ploehn, H. J., Gearheart,
L., Raker, K., & Scrivens, W. A. (2004).
Electrophoretic Analysis and Purification of
Fluorescent Single-Walled Carbon Nanotube
Fragments. Journal of the American Chemical
Society, 126(40), 12736-12737.
https://doi.org/10.1021/ja040082h

Zamora Valencia, C. A., Reyes Valderrama, M.
I, Herrera Carbajal, A. D. J., Salinas Rodriguez,
E., & Rodriguez Lugo, V. (2019). Evaluacion de
la lumiscencia de puntos cuénticos de carbono
sintetizados mediante el método hidrotermal a
partir de triticum. Padi Boletin Cientifico de
Ciencias Basicas e Ingenierias del ICBI,
7(Especial-2), 19-22.
https://doi.org/10.29057/icbi.v7iEspecial-
2.4745

Discussions

Ashoori, R. C. (1996). Electrons in artificial
atoms. Nature, 379(6564), 413-4109.
https://doi.org/10.1038/379413a0

Bera, D., Qian, L., Tseng, T.-K., & Holloway, P.
H. (2010). Quantum Dots and Their Multimodal
Applications: A Review. Materials, 3(4), 2260-
2345. https://doi.org/10.3390/ma3042260

Cui, B., Yan, L., Gu, H,, Yang, Y., Liu, X., Ma,
C.-Q., Chen, Y., & Jia, H. (2018). Fluorescent
carbon quantum dots synthesized by chemical
vapor deposition: An alternative candidate for
electron acceptor in polymer solar cells. Optical
Materials, 75, 166-173.
https://doi.org/10.1016/j.0ptmat.2017.10.010

Ekimov, A. ., & Onushchenko, A. A. (2023).
Quantum Size Effect in Three-Dimensional
Microscopic Semiconductor Crystals. JETP
Letters, 118(S1), S15-S17.
https://doi.org/10.1134/S0021364023130040

Filali, S., Pirot, F., & Miossec, P. (2020).
Biological  Applications and  Toxicity.
Minimization of Semiconductor Quantum Dots.
Trends in Biotechnology, 38(2), 163-177.
https://doi.org/10.1016/j.tibtech.2019.07.013

Hardman, R. (2006). A Toxicologic Review of
Quantum  Dots:  Toxicity Depends on
Physicochemical and Environmental Factors.
Environmental Health Perspectives, 114(2),
165-172. https://doi.org/10.1289/ehp.8284

ISSN: 2410-3950

RENIECYT-CONAHCYT: 1702902
ECORFAN® All rights reserved.

Kairdolf, B. A., Smith, A. M., Stokes, T. H.,
Wang, M. D., Young, A. N., & Nie, S. (2013).
Semiconductor Quantum Dots for Bioimaging
and Biodiagnostic Applications. Annual Review
of Analytical Chemistry, 6(1), 143-162.
https://doi.org/10.1146/annurev-anchem-
060908-155136

Martynenko, I. V., Litvin, A. P., Purcell-Milton,
F., Baranov, A. V., Fedorov, A. V., & Gun’ko,
Y. K. (2017). Application of semiconductor
quantum dots in bioimaging and biosensing.
Journal of Materials Chemistry B, 5(33), 6701-
6727. https://doi.org/10.1039/C7TB01425B

Tao, S., Feng, T., Zheng, C., Zhu, S., & Yang,
B. (2019). Carbonized Polymer Dots: A Brand
New Perspective to Recognize Luminescent
Carbon-Based Nanomaterials. The Journal of
Physical Chemistry Letters, 10(17), 5182-5188.
https://doi.org/10.1021/acs.jpclett.9b01384

Granados-Olvera, Jorge Alberto, Calvillo-Beltran, Sofia Valentina, Arroyo-
Ordofiez, Ivan and Rangel-Ruiz, Karelia Liliana. [2024]. Synthesis and
characterization of carbon-based quantum dots for use in biotechnology. Journal of
Experimental Systems. 11[30]-1-7: e11130107.

DOI: https://doi.org/10.35429/JOES.2024.11.30.1.7


https://doi.org/
https://doi.org/10.1021/ja040082h
https://doi.org/10.29057/icbi.v7iEspecial-2.4745
https://doi.org/10.29057/icbi.v7iEspecial-2.4745
https://doi.org/10.1038/379413a0
https://doi.org/10.3390/ma3042260
https://doi.org/10.1016/j.optmat.2017.10.010
https://doi.org/10.1134/S0021364023130040
https://doi.org/10.1016/j.tibtech.2019.07.013
https://doi.org/10.1289/ehp.8284
https://doi.org/10.1146/annurev-anchem-060908-155136
https://doi.org/10.1146/annurev-anchem-060908-155136
https://doi.org/10.1039/C7TB01425B
https://doi.org/10.1021/acs.jpclett.9b01384

Journal of Experimental Systems

1
11[30]1-5: 21130105

Article

Biofilm of potato starch and silver nanoparticles

Biopelicula de almiddn de papa y nanoparticulas de plata

Diaz-Silvestre, Sergio E.** & Ramirez, Leticia’

a RO" Universidad Tecnolégica de Coahuila « = LBH-9981-2024 «
b ROR Universidad Tecnoldgica de Coahuila » © LBH-6830-2024 »

CONAHCYT classification:

Area: Engineering

Field: Engineering

Discipline: Chemical engineering
Subdiscipline: Bioengineering

0000-0002-6765-3415 « & 334151
0009-0009-7093-0813 « & 511901

@ https://doi.org/10.35429/JOES.2024.11.30.1.5
Avrticle History: e
Received: January 17, 2024 '.)

Accepted: December 31, 2024
Check for
updates

Abstract

The biofilm and covering have been used to promote the change and improve the natural peel of
diverse fruits, to prevent the loss of humidity, to allow the interchange of gases, to provide sterility
and conservation. Therefore, in recent years a growing interest in the organic films has emerged,
this organic films are very diverse, highlighting the potato starch based biofilms. In this
investigation some silver nanoparticles were synthesized by the chemical reduction process and
were used as covering in fruits to avoid the growing of bacteria in strawberry and apples in
conditions of room temperature to maximize the lifetime in shelf of this perishable fruits.
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Resumen

Las peliculas y recubrimientos se han empleado para promover el reemplazo y reforzar las capas
naturales de diversos frutos, para prevenir la perdida de humedad, permitir el intercambio de
gases, proporcionar esterilidad y la conservacion. Por lo tanto, en los Gltimos afios ha surgido un
creciente interés en las peliculas de origen orgénico, las cuales pueden ser muy variadas,
destacando las biopeliculas a base de almidén de papa. En este trabajo se sintetizaron
nanoparticulas de plata mediante el proceso de reduccién quimica las cuales fueron usadas como
recubrimientos para frutas y asi evitar el crecimiento bacteriano en frutas como la fresa y la
manzana a temperatura ambiente para maximizar la vida de anaquel de estos perecederos.
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Introduction

The biofilm and covering have been used to
promote the replace and strengthen the natural
peel of diverse fruits, to prevent the loss of
humidity, to allow the interchange of gases, to
provide sterility and to preserve the fruits.
(Torrenegra 2016; Vazquez-Ovando,2013) In
recent years a growing interest in the organic
films has risen, this films are very diverse,
specially the biofilms based in potato starch
which stand out from others. (Reyes, 2019)

This product can be used to manufacture
of bioplastics derivate from alternative
compounds instead of petroleum with a lower
impact in the environment with their production
contributing to the climate change. (Cortez-
Mazatan, 2011)

The use of nanotechnology to prolong
the lifetime of the fruits and reduce the loss
during these are transported, is an innovative
concept for the food industry. Is expected that
the nanomaterials will have a high impact in the
development of the society. For this the
application of the nanotechnology in the food
conservation, like fruits, is innovative and with a
high potential to improve the food safety and
reduce the food waste. (Lira-Saldivar 2018)

The development of nano-biofilm to
conserve fruits using nanomaterials s
considered highly innovative. The application of
nanotechnology in the food industry to solve
conservation problems and food quality is a new
approach with a high potential to impact the
society and the food supply chain. (Lopez, 2020)

The nanomaterials are characterized to
have dimensions in an atomic scale or in the
range of 1 to 100 nanometers. This dimensions
could give remarkable and significant properties
in comparison with bulk materials.

Some of the nanomaterials properties,
like the surface area, the spatial confinement and
the reduction of imperfections give them a
significant potential of innovation in different
applications. The study of metallic nanoparticles
has a high interest due to the possible
applications from the optoelectronics to medical
science, highlighting the silver nanoparticles in
the case of medical science due to antimicrobial
properties. (Nazario-Naveda, 2022; lopez-
Carrizales, 2022)
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The project is focused in apply
nanotechnology to conserve of fruits,
specifically strawberries and apples. The use of
nano-biofilms based on potato starch and silver
nanoparticles to coat this fruits has the purpose
of keep the freshness and optimize the lifetime.

Methodology

The project was focused in the development of a
nano-biofilm based on potato starch doped with
silver nanoparticles to use in the conserve of
fruits, especially strawberry and apples. The
objective of this application is to extend the
lifetime of these fruits and reduce the loss and
waste while transport and storage.

Synthesis of silver nanopatrticles

The synthesis was done using the chemical
reduction method the AgNOs at 1M dissolved in
water was used as precursor, the solution was
agitated at constant temperature, when the
100°C was reached NasCsHsO7 was added to the
solution. Subsequently the temperature and
agitation were constant of 1 hour, after the
solution was filtered and send to dry at 60°C for
24 hours.

Coating application

The fruits were obtained with a state of maturity,
these where selected to keep free of any defect
that could affect the result of the coating. The
fruits were washed, dried and storage at room
temperature.

The microbial activity was observed with
the use of an optical microscope.

Results

A nano-biofilm was elaborated using potato
starch, with silver nanoparticles incorporated. In
Figure 1 you can see the scanning electron
microscopy (sem) analysis in which you can
observe the good dispersion of the nanoparticles
with a polymer matrix, showing the growth axis
of the almost spherical crystals. It is important to
say that with this technique only 2 micrometer
particles could be observed since this was the
first analysis and Dbetter characterization
technologies are contemplated, as is observed in
the figure 2
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Figure 1
SEM image of the dispersion of silver nanoparticles in
potato starch
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Figure 2
SEM image of the morphology of silver nanoparticles
in potato starch

By infrared spectroscopy technique it
could be observed the different caracteristic
signals for starch. The wave length gap of 3000-
3900cm™ corresponds to the OH group, in the
2000-2850cm™ gap is the corresponding for C-
H strain. There are also typical signals for C-O
straining in the 1251-1255cm™ gap, this
corresponds to what Figueroa and collaborators
have reported in 2016 when they made the
corresponding to potatoe starch characterization,
as is observed in the figure 3.
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Figure 3
Infrared spectrum of potato starch samples doped with
silver nanoparticles

Source: [Origin 2018]
Coating on strawberry

The strawberries were covered with the nano-
bioparticle developed and it was compared with
strawberries without coating, during a period of
14 days at room temperature. The experiment
was monitored by a series of photographs of both
samples. In the figure 2 it could be observed a
comparative of the products along the specified
time observing that after 4 days the sample with
coating had a good appearance while the sample
without coating developed fungus after 3 days. It
was observed with an optical microscope that the
fruit with nano-biofilm coating showed a better
conservation. The film acted like a barrier that
retarded the growth of bacteria and fungus,
extended the lifetime of the strawberries, as is
observed in the figure 4.

Figure 4
a) Strawberries without coating
b) Strawberries with nano-biofilm coating

With the optical microscope was
observed that the strawberries covered with the
nano-bioparticles present a better conservation.
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The biofilm acted like a barrier that
retarded the growth of bacteria and fungus,
extended the lifetime of the strawberries, in the
figure 5 it is observed the changes in the
strawberries along 14 days.

Sin nano-biopelicula

o o

Con nano-biopelicula

Figure 5
Monitoring of the strawberries using optical
microscope

Coating on apples

The nano-biofilm was applied to apples to
compare their appearance with apples without
coating. The result shown that the apples with
coating had an intense coloration and brightness
in comparison with the non-coating apples.

Figure 6

a) Apple without coating
b) Apple with coating
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Through the monitoring performed with
an optical microscope, some water drops were
identified on the surface of the coated apples, it
indicated the presence of nano-biofilm. It
contributes to the improvement of the
conservation of the apples.

Box 7
Sin nano-biopelicula Con nano-biopelicula

Figure 7
Monitoring of apples through optical microscope

The initial results shown a significant
improvement in the time of conservation of both
fruits when the nano-biofilm is applied. The
presence of the film acted as a barrier that slow
down the growth of bacteria and fungus,
increasing the lifetime of the fruits.

Conclusions

The development of the nano-biofilm based in
the potato starch and silver has demonstrated to
be a solution in the conservation of strawberries
and apples. With the passing of the test and
improvements, this product has a potential to
change the food industry with the reduction of
losses during the transport and storage, it would
contribute to satisfy the increasing demand of
food in a constant growth market.
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Abstract

Due to the existing needs, presented by the current state of conservation of the stone surfaces in
ashlars of historic buildings in the city of Zacatecas, the conservation area of the INAH Zacatecas
center will receive trained personnel to carry out the study of elements used in the removal of
paint on stone surfaces, specifically pink quarry. This analysis seeks to provide solutions that
allow the safeguarding of materials in conservation processes, facilitating the work to compensate
for damages that are generated after anthropogenic activities of any kind. In the study, solutions
were found that facilitate the elimination of products manufactured from alkenyl functional
groups and acrylic functional groups, establishing the elimination parameters from pure
substances and the elimination from specific colloidal systems.
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Resumen

Debido a las necesidades existentes, que presenta el estado actual de conservacion de las
superficies pétreas en sillares de inmuebles histéricos de la ciudad de Zacatecas, el area de
conservacion del centro INAH Zacatecas destino personal capacitado para llevar a cabo el estudio
de elementos empleados en la eliminacién de pinturas en superficies pétreas, especificamente
cantera rosa. Se busca con este analisis se puedan dar soluciones, que permitan la salvaguarda de
los materiales en los procesos de conservacion, facilitando los trabajos de resarcimiento de dafios
que se generan tras actividades antropogénicas de cualquier indole. En el estudio se encontraron
soluciones que facilitan la eliminacion de productos fabricados a partir de los grupos funcionales
alquenilos y los grupos funcionales acrilo, estableciendo los parametros de eliminacion a partir
de sustancias puras y la eliminacion a partir de sistemas coloidales especificos.

Objetivo 1 Metodologia

1 Cor_\trlbuc_lén |

Muestreo

Preparacion (Solventes)

Experimentacion (Aplicacion en la cantera)

Andiisls do Rosultados —

Cantera, Solvent, Limpieza

Citation: Garcia-Dorado, Samantha, Carranza-Téllez, José, Villegas-Martinez, Rodrigo and Garcia-Gonzélez, Juan Manuel.
[2024]. Solubility study of aerosols and vinyl paint on stone surfaces. Journal of Experimental Systems. 11[30]-1-6:

€31130106.

ISSN 2410-3950/© 2009 The Author[s]. Published by ECORFAN-Mexico, S.C. for its
Holding Bolivia on behalf of Journal of Experimental Systems. This is an open access article ..
under the CC BY-NC-ND license [http://creativecommons.org/licenses/by-nc-nd/4.0/]

o
Peer Review under the responsibility of the Scientific Committee MARVID®- in contribution %..

to the scientific, technological and innovation Peer Review Process by training Human
Resources for the continuity in the Critical Analysis of International Research. I 702902 CO NAH CYT

Registro Nacional de Instituciones y
Empresas Cientificas y Tecnoldgicas


https://ror.org/01m296r74
https://ror.org/01m296r74
https://orcid.org/0009-0009-9805-4931
https://ror.org/01m296r74
https://orcid.org/0000-0003-0474-6734
https://ror.org/01m296r74
https://doi.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.marvid.org/
https://crossmark.crossref.org/dialog/?doi=10.35429/JOES.2024.11.30.1.6&domain=pdf&date_stamp=2024-12-31

Journal of Experimental Systems

2
11[30]1-6: £31130106

Article
Introduction

In this work, the use of colloidal systems was
proposed for cleaning slogans and insignia after
anthropogenic activities on the surfaces of
historical buildings. An important part of this
research consisted of the capacity of the gelling
agents available in the laboratory for the
preparation of gels. of the reagents used in
cleaning. We sought to define the efficiency of
the gels and their performance, in order to reduce
costs in conservation processes. At the same
time, carry out experimental processes of
commercial gelling agents in the compatibility
of the thinner, since, according to analyzes
carried out, it is the most used solvent in the
graffiti removal process, as well as the most
economical solvent on the list of solvents. tested
in the solubility triangles.

Polymeric solids are especially suitable
for forming gels thanks to their long chain
structure. The flexibility of these chains makes it
possible for them to deform to allow the entry of
solvent molecules into their three-dimensional
structure.

Gels can be classified into two types,
depending on the nature of the connections of the
three-dimensional network that constitute them.

Chemical gels: are those in which the
network is formed through covalent bonds. This
type of bond is very strong and its breakdown
leads to degradation of the gel. For this reason, it
is said that chemical gels are not reversible with
temperature; once the bonds are broken, they
cannot be re-formed. This type of bonds gives
rise to a gelation process.

Physical gels: present a three-
dimensional network formed by joints that are
not completely stable, but are associated with a
bond < non-bond reaction, which can occur in
both directions. Generally, the bonds are of the
Van der Waals type, much weaker than covalent
bonds.
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Figure 1
Physical and chemical colloidal systems

With regard to swelling, the essential
difference between cross-linked and non-cross-
linked polymers is that, in the former, the entry
of solvent is not capable of separating the
macromolecular chains that form the gel because
they are covalently linked, while in the In
physical gels the solvation mechanism can
unravel and separate from each other as solvent
entry into the macromolecular network
progresses. This entry reaches a limit or
maximum degree of swelling since the covalent
structure cannot deform indefinitely. (UNISON,

s/f)

A physicochemical system composed of
two phases: one continuous, normally fluid, and
another dispersed in the form of particles;
usually solid, microscopic in size. Gels are semi-
solid forms formed by a solvent thickened by the
addition of substances of a colloidal nature.

Although the colloid par excellence is
one in which the continuous phase is a liquid and
the dispersed phase is composed of solid
particles, colloids can be found whose
components are in other states of aggregation:

Table 1

Types of colloids according to the state of their
continuous and dispersed phases

Dispersed phase
Gas Liquid Solid
It is not possible since Liquid aerosol Solid aerosol

uble N Eyamnle: Fog, mist  Example:

Foam Emulsion Colloidal
Example: Shaving foam  Example: Milk, Dispersion
sauce, mayonnaise, Example:
bload, hand cream

Colloidal Dispersion Gel

Example: Solid foam, Example: Gelatin, Example: Rul
pumice stone, Aerogels jelly beans, cheese

The use of gels, packs or dressings
implies the use of a supporting material that
reduces subsequent mechanical action.
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It allows you to control the amount of the
selected cleaning agent and prolong contact
times with the wall. Thickeners such as cellulose
ethers, agar-agar, carbogel or carbopol are
macromolecular substances that, when mixed
with organic solvents or water, generate highly
viscous solutions. For their part, the supports or
supports do not form true gels, but rather pastes
or emulsions.

The supports are inert and among the
most used is cellulose pulp, it is composed of
pure cellulose fibers of different lengths. Among
the absorbent clays used, there is sepiolite and
attapulgite.

Colloidal or micronized silica also stands
out as a support. In addition to the wax that can
be used to generate stearic emulsions called
pappina, there is Japanese paper that, on many
occasions, is also used as an intermediate layer
between another support and the work to avoid
residues of the second.

Gels are formulations that consist of a
solvent or mixture of solvents and a thickener
that gels the solution. Thanks to the high
viscosity of the system, the penetration of the
components into the pictorial layer is limited and
controlled, allowing controlled contact for a
certain time.

Carbopol produces carboxylate ions
(COO-) that can complex certain bivalent and
trivalent ions such as calcium or magnesium
present in wall paint. If this reaction occurs,
Carbopol becomes insoluble in water and can
present a clear rinsing problem. It is established
that due to this ionic character, it should not be
used on surfaces that contain humidity or high
pH such as wall paints.

In their study, Carlon and Petersen
(2019) carried out artificial aging tests on seven
different surfactants. The result is that Ethomeen
C12 breaks down over time into small volatile
molecules and after 36 hours of artificial aging,
no traces or damage to the paint are detected. As
for Ethomeen C25, its presence is reduced by
60% during the first 48 hours. Being, together
with Agar, the best gelling agent for use in
cleaning stone supports.
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Pink quarry

The understanding of the intervention processes
requires material knowledge of its elements,
compounds and the understanding of the
physical, chemical and mechanical phenomena
that are required for the task, in the case of this
series of characterization of materials for the
removal of paint from spray graffiti and vinyl
paint is based on knowledge of the material you
want to clean, pink quarry.

Rocks are divided into three different groups:
igneous, sedimentary and metamorphic.

- Igneous Rocks: They are formed by the
cooling and crystallization of magma,
forming hard and firm rocks. Within
igneous rocks there are extrusive and
intrusive rocks.

- Extrusive: They are formed when lava
cools on the outside of the Earth's mantle
or when pyroclastic material is also
expelled, such as; glass, ashes and slag
consolidate and cool outside.

- Intrusive: They are formed when magma
solidifies within the Earth's crust, leaving
the rocks buried.

- Sedimentary Rocks: They are formed by
the fragmentation or erosion of igneous
rocks. The fragmentation of these rocks is
known as sediments, these are
continuously deposited in a single place
where they are compacted and carry out
lithification Processes, forming
sedimentary rocks.

- Metamorphic Rocks: They are formed by
the burial of sedimentary rocks in the
Earth's crust, being affected by agents of
metamorphism, transforming into
metamorphic rocks. Extrusive igneous
rocks of pyroclastic material form rocks
with a microcrystalline texture, which are
called tuffs.

The pink volcanic tuff, cantera ignimbrite,
is a stone abundant in pumice, quartz and
sanidine phenocrysts, it is pinkish in color and is
very abundant in the geographical area of San
Luis Potosi, Zacatecas, Guanajuato and Morelia.
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The abundance of pink quarry allowed it
to be one of the main construction materials, it is
present in historical monuments, colonial
centers, and in artistic manifestations. However,
tuffs are very susceptible to deterioration or
alteration of their physical-chemical properties,
if are exposed to the elements. Some of the main
causes of damage to stone material are strong
wind currents, natural light, high temperatures,
in conjunction with relative humidity. (Pedroza,
2019)

Moisture, whose presence may be due to
rain, condensation or capillary rise, plays a key
role in the degradation of porous materials, being
directly or indirectly responsible for various
decomposition processes, such as freeze-thaw
cycles, salts soluble substances, crystallization
cycles, biological growth, chemical attack by
acid from rain and wind erosion.

Atmospheric movement and humidity
have negative effects on conservation. Wind can
cause extensive damage to soft rock due to the
particles it carries, while changes in temperature
and frost can cause fragmentation and
splintering in wet environments creating internal
stresses. While the polluted atmosphere causes
deterioration of the rock in the form of chemical
dissolution with the effect of water and
organisms (lichens, fungi, bacteria and moss),
thin layers of dust that cover the rock generally
accumulate and form layers that affect to the
entire rock structure.

Background

Molina (2016) studied Intelligent and non-
invasive methodologies using nanotechnology
for the maintenance, conservation and
restoration of heritage buildings. concluded that
the treatment of heritage buildings with
nanocomposites allows for more efficient
maintenance of them and contributes to their
conservation.

Morales (2024) evaluated three types of
surface coatings applied to quarry stone samples:
a coating based on calcium hydroxide, and two
commercial coatings based on organosilicon.
Surface color of the quarry, water absorption by
capillarity and contact angle monitoring were
analyzed before, during and after exposure to
chemical and natural deterioration.
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Di Napoli et al. (2024), carried out a
conservative  restoration intervention, the
structural consolidation and security of the
monumental staircase on the Po River side, the
restoration of the plaster and the review of the
architectural finishes of the castle facade. The
methodology chosen based on historical
research, physicochemical analyzes of materials
and sampling, helped define the most
appropriate restoration techniques to guarantee
the authenticity and historicity of the monument.
The criteria followed were “minimal
intervention”, “reversibility” and
“physicochemical  compatibility” of the
materials used.

Barrios (2024), presents the contribution
of Paolo Marconi by pointing out the importance
of recovering the use of traditional techniques
and materials in restoration. He left evidence in
his books and articles, also in collective works
such as the manuali del recupero of Rome and
Palermo, which constitute a commitment to
recover and transmit the constructive knowledge
peculiar to each region or city of Italy.

Methodology

Based on the information collected and the
resources delimited by the scope of the
conservation laboratory of the INAH Zacatecas
center, in relation to the material and equipment,
it was determined that:

The focus of the tests will be based on the
elimination of acrylic paint (lacquers) and
the elimination of water-soluble vinyl
paint, on pink quarry surfaces obtained
from pink quarry deposits in the
metropolitan area of Guadalupe Zacatecas,
samples with diverse physical
characteristics.

- The solvents to be used will be determined
by the results obtained after solubility
calculations using tools such as the Teas
solubility triangle, Cemoneci solubility
values, as well as the data provided by
theoretical values of London dispersion
forces, dipole and hydrogen bond.
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- The conservation conditions of the
specimens will be equalized in relation to
the current deterioration on the stone
surfaces, using the use of cleaning
techniques observed in graffiti removal
processes, using physicochemical cleaning
with  brushes of different hardness,
brushes, swab cleaning.

- Agar and gelatin will be used as a gelling
substance for the colloidal systems and the
degree of effectiveness in the removal of
acrylic paint (lacquers), vinyl paint with
different degrees of solubility in water will
be verified, the effect of waste generated
will be determined. and the degree of
penetration into the pores.

The solubility values were determined
according to the triangle of firebrands based on
the main characteristics of the Alkenyl
(ethylene; vinyl) functional groups and the Acryl
functional group. The values of permanent
dipole force, values of hydrogen bond force,
values of VVan der Waals forces in the literature.

The spaces were delimited in relation to
the real conditions of the stone surfaces of the
historic buildings in the city of Zacatecas, testing
the colors pink, purple, blue, white, red, of
acrylic paint (lacquer) on surfaces where the
stone had the porous surface, smooth surface,
sanded surface, surface with the presence of
salts. At the same time, the areas where the pure
vinyl paint would be tested and diluted to 50%
of the main colors obtained by the sample, which
are green, pink, purple.

In the experimental process, information
on the effect of citric acid nanoparticles,
colloidal silver, xylol, and citric acid essential oil
on test tubes of vinyl paint and acrylic paint
(lacquers) was incorporated directly. In order to
identify the physical behaviors of the paint when
directly exposed to solvents.

Solubility tests were carried out on
samples of acrylic paint and vinyl paint, testing
the dissolution phenomenon of the solvents
characterized in table 3, using as samples the
color pink, purple and blue in the acrylic paint
(lacquers), and the color green, black, pink and
purple in undissolved and 50% vinyl paint.
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Prior to the preparation of gels, the
behavior of the paints in pure state in the case of
vinyl paint and in a 50% solution in water was
carried out, and the behavior of acrylic paint
(lacquers) in aerosol was studied. Using the
thinner as a solution for making gels.

Results

All the solvents established in the theory were
tested, of which those that obtained the best
results were those that were carried out with the
use of benzene and cyclohexanone, since it does
not generate migration of the paint, nor the
presence of halos on the stone surface.

The use of benzene, although it generates
optimal results, the best for this test, has
important implications regarding its use due to
the damage to health it generates, however, its
management requires special conditions found
in the standard. STP 014 of Mexican standards.
As well as the safety data of the product
technical sheet. The effect of the colloidal
system for benzene requires special handling due
to its poorly soluble characteristics in water, the
handling of a gel of a different nature is required,
the use of sol gel for the colloidal system is
proposed. Or identify the stability of the gel
based on gelatin and agar in a solution with a
mixture of alcohol in the solvent.

Cyclohexanone has more stable
characteristics in terms of pH for agar or gelatin
gels, at the same time it presents fewer
implications for health risks to human personnel,
and it is soluble in water.

Similarly, optimal results were obtained
with the use of thinner, with the characteristics
that the thinner generates discoloration on the
stone surface, generating a whitish mark if
applied directly; however, in all cases it was
carried out. a reaction and a paint dispersion
phenomenon. That is why the results obtained
with the colloidal system reduced the
discoloration effect on the stone surface,
obtaining good results in the removal of vinyl
and acrylic paint, since the paint migrates to the
plastic film generated by the colloidal system

(gel).
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It does not generate a residue, since the
plastic film migrates the paint. However, the use
of water as a washing effect could generate
penetration of dispersed particles inside the
pores; the real effect of the absorption
phenomenon will be tested by means of
stratigraphy in the specimens.

Regarding the effectiveness of the gels,
those that presented the best results in dissolving
acrylic and vinyl paint were the 20% 30% gelatin
gels and the 40% agar gel.

The effect of colloidal silver on the
surface of vinyl paint and acrylic paint in the
stone material generates inconclusive results
regarding its effectiveness in dissolving vinyl
and acrylic paint, since a reaction is generated
with the surface, it is unknown. this stage of the
project if the reaction is generated by the
minerals of the stone material or by the
functional groups of the acrylic and vinyl paint.

In the case of acid, an effect similar to
that of thinner is generated, in the same way the
biggest problem lies in the fact that the
dissolution of vinyl and acrylic paint generates
discoloration of the surface of the stone material.
And the problem with the colloidal system is the
degree of acids that generates problems for the
system.

Conclusions

In relation to the scope established in this work,
it is recognized that the result obtained in terms
of information is part of a stage that requires the
analysis of the behavior of the reactants over
time, where their effect is evaluated in real
environmental conditions. in order to determine
the safety of the processes used in its use as a
cleaning methodology for work of this nature.

At the same time, data analysis
information is required with specialized
equipment that is not available in the area
laboratory. The information collected allows us
to provide a solution in terms of intervention,
since solutions were found for the elimination of
graffiti and vinyl paint on volcanic tuff, data that
is proven by theoretical information and
information, generating optimal safeguard
solutions with relation to existing ones carried
out by untrained personnel.
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It was found that the use of the gels tested
with a thinner solution generates benefits over
the methods tested so far, since no residue or
plastic film is generated that persists on the
surface, generating problems of buffering or
waterproofing of the stone material, In turn, the
search for buffer reagents that do not modify the
degree of acidity over time and the search for
agents that allow high concentrations of solvent
without the expansion of the system inside it are
promoted. As an analysis of the phenomenon, it
is suggested for intervention to try the
dissolution of paint molecules on the surface and
the absorption of systems that generate force
contrary to the displacement movement on the
surface.
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Abstract

Nowadays, a variety of techniques exist for mitigating the effects of corrosion, including the use of anticorrosive
coatings. In this study, we investigate the impact of viscosity on the final quality of a silica/PDMS-based ceramic
coating, synthesized through sol-gel methodology. The polycondensation of tetraethylorthosilicate (TEOS) with
polydimethylsiloxane (PDMS) was conducted at concentrations of 10, 20, and 40 wt.%, employing DBTL as a
catalyst. The coatings were deposited on Al-6061 surfaces via immersion. Infrared spectroscopy indicates the
integration of the inorganic phase (SiO; 1100 cm™, 720 cm™) with the siloxane chain (PDMS; 2900 cm™, 1250
cm™, 920 cm™, 785 cm™). As the siloxane chain length increased, modifications to the silica structure were
observed, with the appearance of signals at 889 cm-1, 867 cm-1, and 835 cm-1. Conversely, the gelation times are
reduced in proportion to the PDMS content in the sol solution. Therefore, to obtain smooth and homogeneous
finishes, different gelation times are required when applying solutions with viscosities between 5 and 12 mPa-s.
These coatings exhibited the most significant increase in corrosion resistance, reaching approximately 75%.

Si02/PDMS
Anticorrosive Coatings

SiO2/PDMS, viscosity, Corrosion mitigating, Infrared
spectroscopy, Organic-inorganic coating

Resumen

Actualmente, existen diferentes métodos que mitigan los efectos de la corrosion, entre los cuales se encuentran los
recubrimientos anticorrosivos. En este trabajo se reporta el efecto de la viscosidad sobre el acabado de un
recubrimiento ceramico de base silice/PDMS, que se obtiene mediante la metodologia sol-gel, llevando a cabo la
policondensacién del tetraetilortosilicato (TEOS) con polidimetilsiloxano (PDMS) en concentraciones del 10, 20 y
40 % en peso, usando DBTL como izador. Los recubrimientos se depositaron sobre superficies de Al-6061 por
inmersion. La espectroscopia de infrarrojo indica la integracion de la fase inorganica (SiO2; 1100 cm™, 720 cm™)
con la cadena siloxanica (PDMS; 2900 cm™, 1250 cm™, 920 cm™, 785 cm™). Acorde con el incremento de la cadena
siloxanica, se observo la modificacion en la estructura de la silice, apareciendo las sefiales a 889 cm™, 867 'y 835
cm™. Por otra parte, los tiempos de gelificacion se reducen en funcion del contenido de PDMS en la solucion sol,
por lo que, para obtener acabados libres de grumos y homogéneos, se requieren diferentes tiempos de gelificacién al
aplicar soluciones con viscosidades entre 5-12 mPa.s. Estos recubrimientos fueron los que mostraron un mayor
incremento en la resistencia a la corrosion, de alrededor del 75%.
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Introduction

Corrosion is a physicochemical phenomenon
that causes the degradation of metals, resulting
in the loss of physical properties, such as
mechanical strength. In severe cases, corrosion
can even lead to the complete degradation of the
metal. The phenomenon of corrosion affects all
metals and alloys utilized in industrial contexts.
Figure 1a illustrates the impact of corrosion on
an aircraft comprising an aluminume-silicon alloy
(Al-6061) fuselage. In saline and humid
conditions, these alloys are susceptible to
intergranular corrosion (Figure 1b) (Benavides
S, 2009; Zhang X, et. al, 2019). To mitigate the
effects of corrosion on this metal, coatings are
employed to protect the underlying material.
These coatings are composed of an anodizing or
anticorrosive layer (chromium and chromate
base), a primer (organic phase with traces of
chromates), and a topcoat (organic phase) or
final finish (Cushman A.S, et. al, 1910; Swgelok
2024).

(b)

(©)

. Pretratamiento de conversion o
anodizado
(ambos basados en Cr(Vl))

Figure 1

(@) Corrosion effects in an aircraft (take from
https://aerocorner.com/blog/types-of-aircraft-corrosion/) (b)
Intergranular corrosion in Al-6061 used in aircraft (take from
Salazar-Hernandez C, 2017) (c) Composition of a commercial
anticorrosion coating (Take from Nace-International
http://impact.nace.org/economic-impact.aspx).
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At the industrial level, chromium
anodizing is a common anti-corrosion agent.
This involves the addition of a layer of
chromium, which acts as a sacrificial anode.
This means that the chromium is corroded by the
metal being protected, thereby preventing
corrosion. Despite the excellent anticorrosive
properties of chromium, it is a toxic element that
must be replaced by coatings that are more
environmentally friendly (Olorunniwo P.P,
2014; Pellerin C, 2000) Recently, C. Salazar-
Hernandez et al. (Salazar-Hernande C, 2018;
Salazar-Hernandez C, 2019) have developed
hybrid coatings based on silica and
polydimethylsiloxane ~ (PDMS). In  these
coatings, PDMS is cross-linked into the silica
network (see Figure 2), which allows the
synthesis of coatings with high mechanical
stability, good adhesion, and good corrosion
resistance on AIl-6061. Others, anticorrosive
coatings are compounds with organic and
organic fragment, where the inorganic network
increased the anticorrosive behavior or chemical
stability (Ghogde N.R, 2024; Deng Y, 2024; Fu
Y, 2022).
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Figure 2.

Chemical structure of SiO2/PDMS hybrid material
Source: (Salazar-Herndndez C, 2019)

Experimental procedure
SiO2/PDMS Ceramic Synthesis

The coatings were obtained via the sol-gel
methodology, using tetraethylorthosilicate
(TEOS; 99% purity; Fluka) as the starting
reagent for silica formation and hydroxylated
polydimethylsiloxane (DMS-15; GELEST,
99:12-32 cSt). To this purpose, a sol solution
was prepared by mixing the quantities specified
in Table 1 and adding 1 wt.% with respect to
TEOS of dibutyldilaurate tin (DBTL; 95%,
Aldrich), which served as a polycondensation
catalyst, thereby facilitating the crosslinking of
the silica functional group and the siloxane
chains of PDMS.
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The sol solutions were heated to 50 °C
and maintained at this temperature throughout
the experiment. The change in viscosity over
time was determined by measuring the viscosity
with a Brookfield DV2RLYV viscometer, using
the UL adapter and controlling the temperature
at 50 °C with a TC-650 recirculator.

Table 1
Quantities used for the synthesis of the sol solution

TEOS(g) | DMS-15 (g)
SiO/DMS-15-1 | 10 1
Si0,/DMS-15-2 | 10 2
Si0,/DMS-15-4 | 10 4

Application of SiO2/PDMS to Al6061 samples

Thin sheets of Al-6061, measuring 3 mm in
thickness and 2x3 cm in dimension, were cut.
Prior to the application of the coating, the
samples were subjected to abrasion with 600-grit
sandpaper to remove any residual pollution.
Subsequently, the samples were washed twice
with distilled water and, finally, once with
reagent-grade ethanol, with the objective of
drying them in an oven at 50 °C for three hours.
The coatings were deposited using the
immersion technique, with an immersion speed
of 1 mm/min, and were then left to dry at room
temperature for 24 hours.

Coating Characterization

Infrared spectroscopy: Infrared spectra were
obtained using a Thermo Scientific Nicolet iS10
ATR-FTIR instrument. The average of 32 scans
was measured in a spectral window of 4000-600
cm™1, with a resolution of 4 cm™,

Physical Characterization: Leeb hardness. Leeb
hardness was measured using a UNI-T UT-347A
instrument according to the recommendations of
ASTM A956/A956M-17a.

Adhesion measurement: The force required to
achieve peel of the coating was determined using
the pull-off test method with a PosiTest AT-A
instrument according to ASTM D4541.

Corrosion measurement

An evaluation of corrosion was conducted.
Corrosion tests were conducted on a Peak Tech
DIT-105 bench with a DCpower-2250 adapter.
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In this configuration, the voltage and
current generated in the galvanic pile formed by
the AI/6061 plate with and without coatings as
the anode, and graphite as the cathode, were
measured. A 3.5% w/v NaCl solution with a pH
of 3 was used, and to acidify, concentrated HCI
was added dropwise. A constant current of 0.5 A
was applied for 2 h, after which the weight loss
generated was subsequently measured and the
corrosion rate determined according to
Equations 1 and 2 [6, 10, 11].

_Am_. kg
VC - At [_] m2-s (1)
Ve _ [mm
ch - ; o [aﬁo (2)
Results

Chemical characterization of SiO,/PDMS
ceramics

Figure 3 shows the spectrum corresponding to
the SiO,/DMS-15-1 modified ceramic, in
which the formation of the silica network from
TEOS is identified. The Si—-O-Si bond is
observed at 1010 cm™ (signal A; intense and
wide band) and at 720 cm™ (signal A; low
intense band). Furthermore, the integration of
the DMS siloxane chain (-Si-O-Si-) is
corroborated by the presence of the siloxane
bond in the E signal at 920 cm™ (small and
broad) and at 785 cm™? (intense and thin), as well
as by the band at 1250 cm™, which identifies the
Si-C bond (D signal). In the 2900-2700 cm™
region, the —CHs groups of DMS-15 and the
unreacted —CH>CHz groups of the alkoxide were
identified (signal B). Therefore, it can be
concluded that the reaction conditions allow for
the formation of crosslinks between the silica
network formed by the silicon alkoxide and the
siloxane chain fragments of PDMS (Launer P,
2013).

On the other hand; small board signals
around the 1100 cm™* was observed indicated the
formation of different network silica size. These
are remarked with circles and arrows; the
different silica clusters are increased according
to amount of siloxane chain that was added.
Then, major modification in the size of silica
network was obtained for ceramic with 40%p of
DMS-15 (siloxane chain).
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According to infrared results a similarly

structure to  POSS/PDMS  (polyhedral
oligomeric
silsesquioxane/polydimethylsiloxanr) was
observed (Feng X, 2024).

Box 4

a)

Si02/DMS-15-1

1200 200 600

-1
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Figure 3
Effect of the siloxane chain in the hybrid ceramic
structure (SiO2/DMS-15)

Effect of viscosity on the texture and physical
properties of the coating

Figure 4a shows the effect of the siloxane chain
on the gel point; where this was modified of 40
min (Si02/DMS-15-1) to 20 min (SiO2/DMS-
15-4) indicating an acceleration in the
polycondentation between the silica fragments
and the siloxane chain.
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On the other hand, the Figure 4b shown
the quality coating obtained for different
viscosity; in the Figure 4c is indicated the impact
of viscosity on the coating finish, as well as the
siloxane chain content. At a mixing or gelling
time of 10 minutes, the solutions behave as
Newtonian fluids with a viscosity of
approximately 5 mPa-s, forming thin coatings
for concentrations of 10 and 20 wt.% PDMS. As
the solid network forms, the viscosity increases,
reaching a value of between 10 and 15 mPa-s.
after 20 minutes. This results in the formation of
thick coatings with clump formation at
concentrations of 20 and 40 wt 7%, indicating an
enhanced ability to coat the metal surface.
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Figure 4

(@) Gelling curve for SiO2/DMS-15 ceramics (b)
quality coatings obtained to different viscosity (c) effect
of the viscosity on quality coatings
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Figure 5a shows the impact of PDMS
content in the ceramic lattice on its adhesion. It
was observed that as the amount of PDMS
decreases the adhesion of the hybrid ceramic
with the metal surface increases. In contrast, the
hardness (Figure 4b) exhibited an inverse
relationship, whereby an increase in hardness
was associated with an increase in PDMS
content in the ceramic structure. While both
properties are crucial, adhesion should be a
critical consideration in a coating, as a lack of
strong interaction with the metal surface can
result in removal and a diminished protective
effect.

(@)
Si02/DMS-15-4  [55555%)

Si02/DMS-15-2
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Figure 5

Physical properties of coatings with viscosities of 10-15
mPa-s (a) adhesion (b) Leeb hardness

Resistance to corrosion

Figure 6 shows the effect of viscosity on
corrosion resistance. It can be observed that the
highest corrosion resistance is obtained at a
viscosity of approximately 10 mPa-s (10-15
min of gelation) for a PDMS concentration of 10
% in the siloxane chain, as this provides a
surface finish that is superior to that of other
concentrations.
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For the 20 and 40 % concentrations of
ceramics, the greatest enhancement in corrosion
resistance was observed for a viscosity of
approximately 5 mPa-s, which corresponds to a
gelation time of between 5 and 10 minutes.
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Effect of viscosity on corrosion resistance of Al-6061
Conclusions

The viscosity of the sol solution employed to
obtain the coatings has an impact on the
adherence and hardness of the ceramic deposited
on the metal substrate. Deposits formed between
5 and 10 minutes of gelation (approximately 5—
12 mPa-s) exhibit enhanced adherence and
mechanical stability, as well as a greater degree
of homogeneity. These coatings are free of
clumps or very thin, and they do not completely
cover the roughness of the metal.
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Abstract

Meshing optimization in the finite element method (FEM) is key to designing mechanical
components such as screws. This study focuses on the M3x12x0.5 screw, improving its
performance and durability through the appropriate selection of meshing parameters. FEM
software was used to analyze its behavior under different loads, comparing it with a 3D printed
model. The results showed improvements in the accuracy of predictions about resistance,
deformation and stress distribution, allowing the design to be optimized. This highlights the
relevance of simulation tools in the development of mechanical components.

Resumen

La optimizacién del mallado en el método de elementos finitos (FEM) es clave para disefiar
componentes mecanicos como tornillos. Este estudio se centra en el tornillo M3x12x0.5,
mejorando su rendimiento y durabilidad mediante la seleccion adecuada de parametros de
mallado. Se us6 software FEM para analizar su comportamiento bajo diferentes cargas,
comparandolo con un modelo impreso en 3D. Los resultados mostraron mejoras en la precision
de predicciones sobre resistencia, deformacion y distribucion de tensiones, permitiendo optimizar
el disefio. Esto resalta la relevancia de las herramientas de simulacion en el desarrollo de
componentes mecénicos.
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Introduction

Currently, the use of computational tools for
product validation has found room for
improvement in the development, research and
manufacture of specimens for their study with
scientific foundations in engineering. In this
regard, the Universidad Auténoma
Metropolitana, Unidad Azcapotzalco, together
with researchers in various engineering areas,
have applied techniques such as the Finite
Element Method (FEM) and additive
manufacturing with 3D printing (MAI3D) to
validate industrial case studies. This paper
analyzes and establishes the optimization of a
screw in order to improve its manufacturing and
to understand the physical phenomena involved
in the aforementioned specimen.

(Zhu et al. 2023) presents a highly
relevant study that highlights how FEM
simulators have the right conditions to make a
significant  contribution to science and
technology. This approach takes into account the
design considerations and specific parameters of
each case study, allowing a better understanding
of the physical phenomena affecting the
specimens under analysis. In their work, specific
conditions related to the case study are presented
in order to facilitate the understanding and
analysis of the wvariables involved in the
performance of the screw.

Stress concentration in a FEM simulation
(Figueroa-Diaz et al., 2019) allows validation of
analytical results that would otherwise not be
evident in the physical phenomenon. In this
sense, simulations offer a valuable alternative to
carry out specific studies to improve design
conditions and material selection, thus
facilitating the feasibility of the characterization
methodology.

According to (Lee et al. (2017),
simulation behaviors using the FEM are
customized, which allows this tool to be
efficiently adapted to each case study. This
results in significant savings in execution times
during the evaluation of such cases. In particular,
the importance of torque is highlighted in the
corresponding simulation, where a match is
obtained in the analysis of a test specimen,
which  facilitates the identification of
improvements.
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The current approach (Sheng et.al, 2019)
could serve as a guide to select internal fixation
parameters in a more efficient manner,
potentially  facilitating  modification and
optimization of the internal fixation system. In
comparison, a study using a finite element
simulator (FEM) of a fastener allows a detailed
analysis of the mechanical behavior and factors
affecting the performance of the fastening
system. This suggests that the integration of both
approaches, the present method and the results
obtained through FEM simulations, could result
in an even more informed and accurate choice of
fasteners, thus promoting significant
improvements in the design and functionality of
the internal fastening system.

(Hsia et al., 2016) emphasize the
importance of choosing the right combination of
the model in CAD to achieve accurate
simulation using the evaluation variables. This
choice allows to keep errors to a minimum
during the process with the FEM. In this way,
evaluation alternatives can be identified, which
are carried out in this work under controlled
conditions.

According to (Cetin et al.,, 2022),
nowadays, most engineering applications use
FEM simulation processes instead of laboratory
experiments. This is due to the convenience of
running simulations, which have proven to be
accurate compared to the results obtained
through experimentation.

According to studies by (Chandra et al.,
2021), as the simulation load on threaded
fasteners increases using FEM, the deformation
increases continuously and linearly. It is
observed that the load remains within the elastic
or plastic zone, without reaching a fracture.
Therefore, it is essential to perform mechanical
tests to accurately identify this behavior, since
the FEM only provides virtual alternatives.

In their study, (Xue et al., 2022) analyzed
the optimal fastening of screws used in the
medical sector using the FEM. In addition, they
examined fracturing through the variables
provided by this tool in the context of
simulation.
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The use of simulators, such as the FEM,
for the evaluation of mechanical elements
enriches technological development and fosters
innovation in the engineering field. Several
researchers have identified this tool as a valuable
resource for improving conditions in the case
studies analyzed. The following paragraphs
detail the methodology used to simulate the
screw in the context of the case study, in order to
obtain data to be presented in the results.

Methodology

The procedure to develop this work is given
from first making the specimen with a CAD
modeler, establishing the dimensions of the
screw as a case study, then apply FEM to
validate the results, depending on the specific
variables in a screw when subjected to torque,
accumulate the data, apply optimization steps in
the meshing to reach the specimen that meets the
mechanical stresses and finally set the
parameters for the manufacture of the screw with
3D printing (13D).

The following paragraphs describe each
of the stages mentioned to identify the process in
the evaluation of the case study, screw
M3x12x0.5.

Specimen modeling: in this section the
measurements corresponding to the case study,
M3x12x0.5 bolt, are taken into consideration
and the dimensional drawing is developed, then
the software tools are used to obtain the product
in 3 dimensions (solid). Figure 1 shows the
general outline of the screw.

\
AW

Figure 1
Sketch of specimen, screw

Source: Own elaboration
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According to the conditions of the
specimen, screw, shown in Figure 1, it will be
analyzed from the mechanical point of view with
the torsion parameters and identify the
maximum loads it will withstand when
manufactured with specific and general 13D
materials. Figure 2 shows the drawing of the
specimen generated with the CAD software,
with the screw specifications.

Figure 2
Plan corresponding to the screw to be evaluated

Source: Own elaboration

Figure 3 shows the 3-dimensional model
with the parameters and variables defined by the
data sheet in the screw classification.

Figure 3

Screw M3x12x0.5 elaborated in CAD software

Source: Own elaboration

Figure 3 shows the screw in its three-
dimensional perspective to be evaluated with the
FEM tool and to obtain the best conditions for its
manufacturing with MAI3D.

The materials to be used in the FEM
simulations and fabrication in 13D are:
Acrylonitrile  Butadiene  Styrene  (ABS),
Polylactic Acid (PLA) and NYLON 6/6, for
which we have the physical properties identified
in Table 1.
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Table 1
Physical properties of materials
Material Property  Value/unit
ABS Tensile 30.46
stress [MPa]
Deformation  4.52 [%]
Hardness 69.2
Flexural Shore D
modulus 1.08 [GPa]
PLA Tensile 47.95
stress [MPa]
Deformation 3.8 [%]
Hardness 79.8
Flexural Shore D
modulus 1. 47
[GPa]
NYLON Tensile 33.22
stress [MPa]
Deformation  9.17 [%)]
Hardness 62
Flexural Shore D
modulus 0.78 [GPa]

Source: https://www.matweb.com/index.aspx

The variables analyzed in the FEM
software are Flexural Modulus (MF),
Deformation (DF) and Stress (EF), which
determine the optimal conditions of the
specimen for its fabrication in 13D.

FEM application: for the FEM
simulation, the parameters shown in Table 2
were considered, which are fundamental for the
proper development of the simulations
corresponding to the described screw.

Table 2
Parameters to be used in the simulation with FEM

Parameter Description

Material to Plastic ABS

simulate Nylon 6/6
Softe plastic (PLA)

Load Torque of 1600 Nmm on the screw
chord.

Meshing Parabolic
60°

Minimum element size 20%

Source: Own elaboration
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The materials designated in the
simulation have been chosen because of their use
for the manufacture of logs in 13D. After these
simulations, some others can be selected from
the software databases to achieve the simulation
and an approach with the functional materials in
the manufacturing process with additive
manufacturing.

Regarding the load used in the simulation
and shown in Table 2, it has been considered
from the technical specifications of bolts made
of plastic materials. The load application zone,
torsion, is carried out on the rope, which is the
weak one of a screw of these characteristics, as
far as its size is concerned.

In the case of meshing, it is carried out
with the characteristics mentioned in Table 2,
which offers a simulation and depending on the
results, this parameter will have considerable
variations to achieve the optimization of the
screw and the correct manufacturing of the
specimen. Figure 4 below shows the first
simulation for the specimen with the ABS
material.

Min_: 0.078 MPa

16496.09
“Eas: de cargaty [
Estrés B 13600.00
10200 00
1Pa t
@ 4 680000

Figure 4
FEM ABS simulation

Source: Own elaboration

Figure 4 identifies the maximum and
minimum value of the Von Mises load in MPa
for the specimen with the material called ABS,
these values are: minimum 0.078 and maximum
16496, both in MPa. It is observed, according to
the color range, that the specimen has no risk of
suffering any damage when the corresponding
load of 1600 Nmm is applied.

Figure 5 below shows the maximum and
minimum values for the nylon 6/6 material.
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E von Mises
[MPa] 0.096 B #l 14930.956

Figure 5
FEM nylon 6/6 simulation

Source: Own elaboration

For the case of the material known as
Nylon 6/6, the stress is in the range of 0.096 to
14930.56 MPa, which has a decrease of 9.48%
with respect to the ABS material. It is important
to mention that in all the simulations the
application of the load, torsion, is performed in
the same environment, rope, so that the results
obtained can be compared and subsequently the
corresponding optimization can be carried out.
Figure 6 shows the simulation of the third PLA
material,  which  has the qualitative
characteristics of being soft.

E von Mises
[MPa] 0.081 B 1 16402.869

Figure 6
FEM PLA simulation

Source: Own elaboration

Figure 6 shows that the material called
soft plastic has the intermediate values among
the three cases, 0.081 to 16402.87 MPa,
indicating that it is a material that maintains its
properties congruent with the other materials.
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The three materials have similar
behaviors at the time of performing the FEM
simulations, however, the following tables will
identify the critical aspects of the simulation to
identify as far as possible the application of the
optimization process.

Table 3 concentrates the data obtained
from the FEM simulation for the M3x12x0.5
screw, using the ABS material.

Table 3
Simulation data obtained for the screw in ABS material

Value/unit
16496.09 [MPa]
11550.06 [MPa]

Material Property
Von Mises Stress

Principal Stress

Normal in XX 1663.35 [MPa]
Normal in YY 2752.77 [MPa]
Normal in ZZ 4070.01 [MPa]
To XY cut 2661.74 [MPa]
To YZ cut 1635.49 [MPa]
To ZX cut 2523.50 [MPa]
ABS Total displacement 10.86 [mm]
X displacement 0.15 [mm]
Y displacement 10.77 [mm]
Z displacement 8.41 [mm]
Total reaction force 31.19 [N]
Force at X 1.96 [N]
ForceatY 11.70 [N]
Force at Z 29.48 [N]
Deformation 13.28 [%]

Source: Authors.

The values shown in Table 3 are
representative in the FEM simulation for the
M3x12x0.5 bolt, which has the characteristic of
withstanding a force of 31.19 N, when a torque
value of 16000 Nmm is applied. This force has a
variation of 0.12 to 7% with the materials
selected for the screw analysis.

A characteristic for the displacement at
the time of performing the FEM simulation is
shown in Figure 7, for the ABS material,
identifying within the range of colors that it is
found with a value of 10.26 mm in the part called
the head of the screw, in future simulations it is
sought to reduce the value obtained.
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Figure 7
Displacement in the ABS material specimen

Source: Own elaboration

Table 4 below shows the simulation
values applied to the screw with Nylon 6/6
material, highlighting the  representative
physical properties.

Table 4
Simulation data obtained for the screw in Nylon 6/6
material

Material Property Value/Unit
Von Mises Stress 14930.96 [MPa]
Principal Stress 4612.21 [MPa]
Normal in XX 970.58 [MPa]
Normal in YY 2919.58 [MPa]
Normal in ZZ 2172.08 [MPa]
To XY cut 7059.78 [MPa]
To YZ cut 2544.79 [MPa]
To ZX cut 3081.28 [MPa]
Nylon 6/6  Total displacement 16.41 [mm]
X displacement 2.64 [mm]
Y displacement 2.57 [mm]
Z displacement 0.72 [mm]
Total reaction force 33.54 [N]
Force at X 11.51[N]
ForceatY 10.46 [N]
Force at Z 20.75 [N]
Deformation 8.63 [%]

Source: Own elaboration

The percentage of comparison with
respect to the ABS and Nylon 6/6 material, in the
main stress property, observed in Table 4, is
60.06%, values that exceed an equilibrium in
this parameter.

As in the case analyzed with the ABS
material, now in Nylon 6/6, Figure 8 shows the
color scale for the displacement property.
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Figure 8
Displacement for Nylon 6/6 material

Source: Own elaboration

The value of the displacement is 16.41
mm, Figure 8, identifying an increase with
respect to the previous material. In subsequent
simulations we will analyze how to homogenize
the property and thus achieve the appropriate
optimization for the specimen.

Table 5 shows the effects of the FEM
simulation on the PLA material under the
stresses applied to each of the simulations with
the described variables.

Table 5
Data obtained from simulation for the screw in PLA
material

Material ~ Property Value/Unit
Von Mises Stress 16402.87 [MPa]
Principal Stress 11598.67 [MPa]
Normal in XX 1763.12 [MPa]
Normal in YY 2856.72 [MPa]
Normal in ZZ 4166.84 [MPa]
To XY cut 2633.45 [MPa]
To YZ cut 1640.10 [MPa]
To ZX cut 2511.43 [MPg]
PLA Total displacement 26.92 [mm]
X displacement 0.367 [mm]
Y displacement 26.70 [mm]
Z displacement 20.86 [mm]
Total reaction force 31.23[N]
Force at X 2.06 [N]
ForceatY 11.70 [N]
Force at Z 29.46 [N]
Deformation 32.83 [%]

Source: Own elaboration

For the case of deformation, according to
the application of the 16000 Nmm, PLA
material, named as soft material, has a higher
percentage of deformation compared to ABS and
Nylon 6/6, which has the value of 32.83.
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Figure 9, shown below has the
characteristic of observing the displacement,
whose zone of action is seen in the upper part of
the screw, head, where the applied torque exerts
the physical effects for deformation.

Figure 9
Displacement for PLA material

Source: Own elaboration

Each of the figures shown has the
characteristic of showing the range of colors that
allows to visualize the effect of the load applied
during the FEM simulation on the M3x12x0.5
bolt as part of the specimen of study and
analysis.

In the following section, part of the data
obtained in the optimization of the screw with
FEM simulation is described and observed.

Optimization of FEM in the specimen:
the optimization part of the screw for its
fabrication with 13D will be described in
different stages, which are developed below.

First stage: decrease the number of nodes
and elements obtained when performing the
FEM simulation. In the data of the standard
simulations the number of nodes are 16959 and
elements 16167, after making the first changes
in the simulation 2426 nodes and 9631 elements
were obtained, for the following changes 2554
nodes, 10137 elements and in the last change of
parameters 5463 nodes with 24257 elements
were obtained, which is indicating that
simulations 2 and 3 are the ones that decrease
these two variables in the meshing for the FEM
simulations. Second stage: a change is made in
the format for the meshing in the screw, initially
we worked with the mesh in parabolic form and
the change, to optimize, was carried out with the
meshing in linear form. With this variation, the
data shown in Table 6 for ABS, Table 7 with
Nylon and Table 8 with PLA material are
obtained.
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Table 6

Simulation data obtained for the screw in ABS material
optimizing the linear meshing arrangement

Material Property Value/Unit
PLA Von Mises Stress 3713.26 [MPa]
Linear Principal Stress 1689.89 [MPa]
Meshing Normal in XX 522.56 [MPa]

Normal in YY 818.13 [MPa]
Normal in ZZ 634.43 [MPa]
To XY cut 1212.17 [MPa]
To YZ cut 460.17 [MPa]
To ZX cut 651.38 [MPa]
Total displacement 9.17 [mm]
X displacement 0.13 [mm]
Y displacement 8.89 [mm]
Z displacement 6.88 [mm]
Total reaction force 69.78 [N]
Force at X 6.41 [N]
Force at Y 35.35[N]
Force at Z 59.27 [N]
Deformation 2.71 [%]

Source: Own elaboration

The use of tables to analyze the
improvement in the evaluation parameters
highlights the relevance of the simulator in this

case study.

Table 7

Simulation data obtained for the screw in Nylon 6/6
material optimizing the linear meshing arrangement.

Material Property Value/Unit
PLA Von Mises Stress 3772.34 [MPa]
Linear Principal Stress 1668.72 [MPa]
Meshing Normal in XX 401.96 [MPa]

Normal in YY 827.58 [MPa]

Normal in ZZ 631.60 [MPa]

To XY cut 1262.75 [MPa]

To YZ cut 464.33

To ZX cut [MPa]

Total displacement 691.53

X displacement [MPa]

Y displacement 6.93 [mm]

Z displacement 0.10 [mm]

Total reaction force 6.71 [mm]

Force at X 5.19 [mm]

Forceat Y 70.03 [N]

Force at Z 5.38 [N]

Deformation 34.52 [N]
57.64 [N]

2.07 [%]

Source: Authors.

Each of the materials evaluated offers
characteristics that give value to the FEM

analysis.
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Table 8
Simulation data obtained for the screw in PLA material
optimizing the linear arrangement of the mesh

In this phase, modifications have been
taken into account to re-evaluate each of the
materials, applying the corresponding loads, in
order to identify significant improvements in
simulations of this type.

Material Property Value/Unit
Von Mises Stress 3683.70 [MPa]
Principal Stress 1705.85 [MPa]
Normal in XX 584.63 [MPa]
Normal in YY 812.35 [MPa]
Normal in ZZ 642.24 [MPa]
To XY cut 1187.95 [MPa]
To YZ cut 457.87 [MPa]
PLA To ZX cut 631.95 [MPa]
Linear Total displacement 22.65 [mm]
Meshing X displacement 0.33 [mm]
Y displacement 21.94 [mm]
Z displacement 16.97 [mm]
Total reaction force 69.64 [N]
Force at X 6.93 [N]
ForceatY 35.81 [N]
Force at Z 60.18 [N]
Deformation 6.66 [%]

Source: Own elaboration

Table 10

Simulation data obtained for the screw in Nylon 6/6
material by optimizing the size of elements in the mesh

Third stage: the variables to be modified
and generate another optimization is the
minimum size of elements at 10% with linear
arrangement in the mesh, the data are shown in
table 9 ABS material, table 10 nylon material
and table 11 PLA material, each table with the
corresponding physical properties.

Material Property Value/Unit
Nylon 6/6  Von Mises Stress 4040.32 [MPa]
Minimum  Principal Stress 2047.39 [MPa]
element Normal in XX 109.25 [MPa]
size at Normal in YY 774.61 [MPa]
10% Normal in ZZ 865.84 [MPa]
Linear To XY cut 1176.75 [MPa]
meshing To YZ cut 425.70 [MPa]

To ZX cut 737.10 [MPa]
Total displacement 6.89 [mm]

X displacement 0.09 [mm]

Y displacement 6.64 [mm]

Z displacement 5.14 [mm]
Total reaction force 82.58 [N]
Force at X 6.58 [N]
Force at Y 26.66 [N]
Force at Z 49.34 [N]
Deformation 2.25 [%]

Source: Own elaboration

Table 11
Data obtained from simulation for the screw in PLA

Table 9

Simulation data obtained for the screw in ABS material
by optimizing the size of elements in the mesh

Material Property Value/Unit
ABS Von Mises Stress 3942.40 [MPa]
Minimum  Principal Stress 2048.54 [MPa]
element Normal in XX 160.28 [MPa]
size at Normal in YY 764.14 [MPa]
10% Normal in ZZ 874.34 [MPa]
Linear To XY cut 1147.46 [MPa]
meshing To YZ cut 420.68 [MPa]

To ZX cut 725.29 [MPa]
Total displacement 9.12 [mm]

X displacement 0.12 [mm]

Y displacement 8.79 [mm]

Z displacement 6.82 [mm]
Total reaction force 83.49 [N]
Force at X 7.50 [N]
ForceatY 26.64 [N]
Force at Z 49.95 [N]
Deformation 2.92 [%]

Source: Own elaboration

material by optimizing the size of elements in the mesh

Material Property Value/Unit
PLA Von Mises Stress 3893.97 [MPa]
Minimum Principal Stress 2048.14 [Mpa]
element Normal in XX 188.19 [Mpa]
size at Normal in YY 758.15 [Mpa]
10% Normal in ZZ 877.32 [Mpa]
Linear To XY cut 1133.08 [Mpa]
meshing  To YZ cut 418.07 [Mpa]

To ZX cut 719.44 [Mpa]
Total displacement 22.52 [mm]
X displacement 0.29 [mm]

Y displacement 21.70 [mm]
Z displacement 16.84 [mm]
Total reaction force 83.98 [N]
Force at X 7.98 [N]
Forceat Y 26.64 [N]
Force at Z 50.32 [N]
Deformation 7.14 [%]

Source: Own elaboration
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Fourth stage: modify the angle of
rotation in the mesh to optimize the test
specimens and compare them with the other
FEM simulations obtained. For this purpose, the
data are shown in tables 12, 13 and 14, with the

same materials as in the previous stages.

Table 12

Simulation data obtained for 30° angle in ABS material
by optimizing the size of elements in the mesh.

Material Property Value/Unit
Von Mises Stress 2421.23 [MPa]
Principal Stress 1436.17 [MPa]
Normal in XX 129.15 [MPa]
Normal in YY 607.76 [MPa]
Normal in ZZ 865.55 [MPa]
To XY cut 1103.79 [MPa]
ABS To YZ cut 106.02 [MPa]
Pivoting  To ZX cut 645.79 [MPa]
angle 30°  Total displacement 9.03 [mm]
Linear X displacement 0.05 [mm]
meshing Y displacement 8.83 [mm]
Z displacement 7.11 [mm]
Total reaction force 80.56 [N]
Force at X 3.85[N]
Force at Y 24.47 [N]
Force at Z 56.96 [N]
Deformation 1.88 [%]

Source: Own elaboration

As a result of adjusting the parameters in
the case study simulations, new opportunities in
the field of applied engineering are investigated
and evaluated, using screws as a case of analysis.

Table 13

Simulation data obtained for 30° angle in Nylon
material by optimizing the size of elements in the mesh.

Material Property Value/Unit
Von Mises Stress 2458.48 [MPa]
Principal Stress 1429.20 [MPa]
Normal in XX 107.61 [MPa]
Normal in YY 564.98 [MPa]
Normal in ZZ 864.68 [MPa]
To XY cut 1122.10 [MPa]
Nylon6/6  To YZ cut 410.53 [MPa]
Pivoting  To ZX cut 651.34 [MPa]
angle 30°  Total displacement 6.78 [mm]
Linear X displacement 0.04 [mm]
meshing Y displacement 6.63 [mm]
Z displacement 5.34 [mm]
Total reaction force 80.62 [N]
Force at X 3.20 [N]
ForceatY 2443 [N]
Force at Z 55.72 [N]
Deformation 1.43 [%]

Source: Own elaboration
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Some data may be synthesized to
facilitate a statistical analysis in the results
section, which provides additional support for
enriching studies using simulators such as the
one used in this work, which is FEM.

Table 14
Simulation data obtained for 30° angle in PLA material
by optimizing the size of elements in the mesh.

Material Property Value/Unit
Von Mises Stress 2402.74 [MPa]
Principal Stress 1440.10 [MPa]
Normal in XX 146.51 [MPa]
Normal in YY 629.53 [MPa]
Normal in ZZ 867.14 [MPa]
To XY cut 1094.74 [MPa]
PLA To YZ cut 403.51 [MPa]
Pivoting  To ZX cut 642.91 [MPa]
angle 30°  Total displacement 22.36 [mm]
Linear X displacement 0.13 [mm]
meshing Y displacement 21.86 [mm]
Z displacement 17.60 [mm]
Total reaction force 80.53 [N]
Force at X 4.19 [N]
Forceat Y 24.89 [N]
Force at Z 57.62 [N]
Deformation 4.64 [%]

Source: Own elaboration

The next section will employ a statistical
tool using graphs to support screw production
optimization in collaboration with the FEM.

Results

The scatter plots corresponding to some of the
data obtained from the tables showing the results
of the FEM simulations are presented. Table 15
contains the data to be used to graphically
represent the results when performing the
simulation on the screw using FEM.

Table 15
Representative values for the graphs

Material EVM [MPa] DZ [mm] FR[N] DF [%]
16496.1  10.86 3119 13.28
ABS 3713.3 9.17 69.78 2.71
3942.4 9.12 83.49 292
2421.2 9.03 80.56 1.88
14931.0 16.41 3354 8.63
Nylon 6/6 37723 6.93 70.03 2.07
4040.3 6.89 8258 225
2458.5 6.78 80.62 143

164029  26.92 31.23 3283
3683.7 22.65 69.64 6.66
3894.0 2252 8398 7.14
2402.7 22.36 80.53 4.64

PLA

Source: Own elaboration
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The following Figure 10 shows the
dispersion of the measurements for each
material, as well as the variations in certain
parameters.

Grafica de dispersion de EVM vs. Material
18000

16000 °
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Figure 11
Scatter plot for the variable Von Mises Stress (VMS)

Source: Own elaboration

Figure 11
Source: Own elaboration

Figure 10 shows that specimens 8, 9 and
10 received the highest acceptance in the
simulation, as indicated by the dispersion fit.

Gréfica de dispersion de DZ vs. Material
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Figure 12
Scatter plot for the variable Displacement (DZ)

Source: Own elaboration

In Figure 11, specimen number 2 also
shows the best behavior, since it presents the
smallest displacement.

Figure 12 shows the behavior of the
material in relation to the reaction force at the
time of the simulation.
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Figure 13
Scatter plot for the variable Reaction Effort (RF)

Source: Own elaboration

The specimens showing the best
performance in relation to reaction force during
the simulation with FEM are numbers 6, 9 and
10, as observed in the scatter in Figure 13.

Finally, the deformation variable
experienced by the bolt when applying a torque
of 1600 Nmm is considered.

Gréfica de dispersion de DF vs. Material

DF

Material

Figure 14
Scatter plot for the variable deformation
Source: Own elaboration

From Figure 14 it can be observed that
there is a greater number of specimens that
satisfactorily comply with an acceptable
percentage in the dispersion for a second
evaluation, when related to other variables. In
this sense, specimens 1, 6, 10 and 11 meet the
objective established for dispersion.
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From a statistical perspective, the
specimens that meet the requirements are
presented in Table 16. This table also includes
the satisfactory results obtained from the
simulation with the finite element method
(FEM). This information allows us to identify
the best option for the evaluation of the screw.

Table 16
Optimal simulation and statistical data

EVM DZ FR DF

1 FEM
Estadistico 15
2 FEM
Estadistico 15
3 FEM
Estadistico
4 FEM
Estadistico
5 FEM
Estadistico
6 FEM
Estadistico ¢ 6
7 FEM 1
Estadistico
8 FEM 1
Estadistico  ade
9 FEM 1Y
Estadistico  nde 15
10 FEM ¢ 6 &
Estadistico  nde ¢ 6
11 FEM T T &
Estadistico 15
12 FEM e & &
Estadistico

Source: Own elaboration

According to what is shown in Table 16,
the specimens that present the best results in both
evaluations, both in the FEM and statistical
analysis, are numbers 10 and 11, which
correspond to the ABS and Nylon 6/6 material,
with a twist angle of 30° and arranged in a linear
fashion.

The use of the FEM tool on a screw has
the advantage of optimizing and accelerating the
evaluation process in order to improve the
manufacturing conditions of the screw. In
addition, it allows to obtain comparative values
in the simulation that are validated, to a certain
extent, by statistical tools.
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Discussion

In the discussion of recent studies, the growing
importance of advanced methodologies in the
simulation and fabrication of materials is
emphasized. Tian et al. (2024) highlight that
generating high-fidelity models is fundamental
for achieving precise finite element simulations
in composite materials. Their innovative
meshing methodology, which utilizes micro-
computed tomography (uCT) and neural
networks, represents a significant advancement
in automation and accuracy in modeling,
potentially reducing preparation times and
increasing reproducibility of models. This
approach not only enhances mesh quality but
also expands the possibilities for analyzing
complex structures.

On the other hand, Jemal et al. (2024)
investigate perforated metals and their
optimization in bending processes, addressing
the impact of variables such as bend angle and
thickness on material behavior. Their findings
suggest that perforation geometry has a
considerable effect on elastic recovery,
highlighting the importance of considering these
factors in the design of metal components. This
research contributes not only to understanding
the behavior of aluminum alloys but also offers
a framework for future optimizations in
manufacturing processes.

In the healthcare sector, Om et al. (2024)
underscore the use of Additive Manufacturing
techniques for creating orthopedic braces. Their
focus on determining optimal dimensions
demonstrates how the integration of simulations
and data analysis can enhance the functionality
and comfort of medical devices. This study is a
clear example of how modern engineering can
adapt to the specific needs of patients, paving the
way for personalized solutions in medical
treatment.

Su et al. (2024) present an innovative
approach using the adaptive scaled boundary
finite element method (SBFE) to optimize
structures that must withstand dynamic loads.
The use of advanced adaptive meshing
techniques and their ability to handle variable
volumes reinforce the need to integrate dynamic
simulation in structural design. This approach
promises improved efficiency in optimization
processes, allowing for more robust and
adaptable designs under changing conditions.
Gonzalez-Sosa, JesUs Vicente, Avila-Soler, Enrique and Zavala-Osorio,
Yadira. [2024]. Optimization of the finite element meshing for the

fabrication of a M3x12x0.5 screw, in 3D printing. Journal of
Experimental Systems. 11[30]-1-14: e51130114.

https://doi.org/10.35429/JOES.2024.11.30.1.14


https://doi.org/

Journal of Experimental Systems

12
11[30]1-14: €51130114

Article

Finally, Ho et al. (2024) explore the
combination of topology optimization and
additive manufacturing in creating continuous
carbon fiber composite structures. The
significant increases in stiffness achieved with
different resins testify to how research in
materials and manufacturing techniques can lead
to drastic improvements in  structural
performance. The analysis of microstructures
also provides crucial insights into material
behavior, which can inform future design
iterations.

Collectively, these studies reflect a trend
toward the integration of advanced techniques in
design and manufacturing, underscoring the
importance of innovation in engineering to
address contemporary challenges across various
industries. The synergy between precise
simulations,  process  optimization, and
customization in manufacturing promises to
revolutionize how materials and components are
designed and produced in the future.

Conclusions

The manufacture of an M3x12x0.3 screw by 3D
printing represents an innovative alternative in
the design and production of mechanical
components. This analysis focuses on the
evaluation of bolt performance under specific
loads using FEM. Through computer
simulations, it is possible to determine how the
material and dimensions of the screw affect its
mechanical behavior, thus providing a deeper
understanding of its functionality and
limitations. The integration of scatter plots to
visualize Von Mises stress, displacement, strain
and reaction stress allows discerning relevant
patterns and trends in the structural analysis of
the bolt.

In the VVon Mises stress evaluation, the
results obtained illustrate how the bolt behaves
under applied loading conditions. The scatter
plots show that, even if the bolt is designed to
withstand certain applied loads, there is a critical
threshold beyond which the material begins to
yield. This type of analysis is crucial as it allows
to accurately identify the safe operating range of
the screw, avoiding potential failures that could
compromise the integrity of the systems in
which it is integrated. Interpretation of these
graphs helps to understand the importance of
careful design with respect to the direction the
head should take for screw production.
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Displacement and deformation are other
key parameters analyzed in this research. By
examining the results obtained, it is evident that
the screw presents an elastic behavior within a
specific range of loads, which suggests that 3D
printing of the screw allows a structure with
certain recovery capabilities under transient
loads. However, it was observed that the
displacement increases significantly  with
increases in load, indicating a possible limitation
in applications where extreme stiffness is
required. Scatter plots clearly reflect this
relationship, facilitating design adjustments to
improve performance.

On the other hand, the reaction stress is a
fundamental aspect in the evaluation of the load
capacity of the bolt. Through simulation, it was
possible to identify the critical areas where the
greatest stresses are concentrated, which points
to potential points of failure. This phenomenon
not only highlights the importance of structural
analysis in screws manufactured by 3D printing,
but also suggests the possibility of optimizing
the design by modifying the geometry or
choosing more appropriate materials. The
visualization of this information becomes a
valuable tool for engineers seeking to innovate
in the use of bolts in various applications.

Finally, the analysis and evaluation of
the M3x12x0.3 screw manufactured with 3D
printing highlights the relevance of employing
tools such as FEM and scatter plots to make
informed mechanical design decisions. This
study not only provides an in-depth
understanding of the mechanical behavior of the
screw, but also highlights the potential of 3D
printing in the manufacture of high-precision
components. As we continue to advance 3D
printing technology, new opportunities will open
up to optimize designs, improve materials and,
consequently, raise engineering quality and
performance standards. The conclusion of this
analysis serves as a starting point for future
studies that delve deeper into the interplay
between materials, design and 3D printing in the
creation of advanced mechanical components.

Annexes

Tables and adequate sources.
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Abbreviations

FEM Finite Element Method

MAI3D manufacturing with 3D printing
13D 3D printing

ABS Butadiene Styrene

PLA Polylactic Acid

MF Flexural Modulus

DF Deformation

EF Stress
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Abstract

Currently, water pollution is a global problem that must be addressed; since, added to the aridity
cycles, they have caused a shortage of natural water resources. Therefore, improving wastewater
treatment methods is a global research topic that needs to be developed. Among the contaminants
present in wastewater (industry and domestic) are “oily substances” which are dispersed in the
water, making their removal difficult. Therefore, this project seeks to determine the reuse capacity
for an oily substance removal system designed from the modification of a porous medium with a
hydrophobic ceramic (SiO2/PDMS) that contains in the structure of the siloxane chain the methyl
functional group (-CHs). To do this, the liquid-liquid extraction of the oil removed from the
sponge/ceramic was carried out using solvents such as: hexane and THF; determining the
numbers of use cycles, identifying by infrared spectroscopy the modifications in the modified
sponge after each use cycle.
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Resumen

En la actualidad, la contaminacion del agua es un problema mundial que debe ser atendido; ya
que sumado a los ciclos aridez han provocado una escases del recurso hidrico natural. Por lo que
mejorar los métodos de tratamiento de aguas residuales es un tema de investigacion mundial
necesario por desarrollar. Entre los contaminantes presentes en las aguas residuales (industria y
doméstica) se encuentra las “sustancias oleosas™ las cuales se dispersan en el agua dificultando
su remocién. Por lo que, en este proyecto se busca determinar la capacidad de re-uso para un
sistema de remoci6n de sustancia oleosas disefiado a partir de la modificacion de un medio poroso
con un cerdmico hidrofébico (SiO2/PDMS) que contiene en la estructura de la cadena siloxana el
grupo funcional metilo (-CHs). Para ello, se realizé la extraccion liquido-liquido del aceite
removido en la esponja/ceramico empleando disolventes tales como: hexano y THF;
determinando los nimeros de ciclos de uso identificando por espectroscopia de infrarrojo las
modificaciones en la esponja modificada después de cada ciclo de uso.
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e
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Introduction

The use of adsorbent systems as a means for the
removal of contaminants represents a highly
efficient alternative, allowing for the elimination
of various types of contaminants through the
control of the interactions between the sorbate
and the adsorbent. In this regard, mesoporous
silica is an inorganic solid with a structured pore
network and high adsorption capacity
(Technologies, 2024; Seisenbaeya G.A; et.al
2021; Ulfa M, et.al 2022; Flores D, et.al, 2022).
It has been demonstrated that a range of
contaminants, including heavy metals (Grozdov
D, et.al 2023; Zhu W, et.al 2017; Nicola R, et. al
2020), dyes chlorinated compounds (Quin Q,
et.al, 2012),, and pesticides (Kong X.P, et.al
2021), can be efficiently adsorbed on these
materials, with removal efficiencies ranging
from good to excellent (Palomino J.M, 2014, Wu
Z, etal, 2011).

On the other hand, silica offers the
advantage of straightforward functionalization
of the surface. Figure 1 demonstrates that,
through reactions with the silanol groups present
on the surface, condensation reactions can be
conducted with alkylalkoxysilanes, enable the
addition of diverse molecular types (Ghosh S, et.
al, 2013; Tian J, et. al. 2015). These groups
include amino, thiol, and alkyl groups, as well as
proteins, sugars, enzymes, and molecular
recognizers (Kucinski K, et. al 2018). As a
result, they can be used as selective adsorbents
in a variety of fields, including metallurgy
(Salazar-Hernandez M, 2024), pharmaceuticals
(jaafar J.A, et. al, 2019; Kirla H, et. al, 2023),
and the environment (Xu P, et.al, 2018; Song Y,
et.al, 2019; Abdulazeez 1, et. al, 2023).

Box 1

Modified Silica Surface
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Figure 1
Modification of the silica surface with different
functional groups
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Table 1 provides an overview of the
environmental applications of silica modified
with alkyl (-R) groups, which impart
hydrophobic characteristics. These materials
have been employed for the removal of a range
of pollutants, including Cu(l), Cd (1), Pb(ll),
Active Red X-3B, and rhodamine B, as well as
organic solvents such as phenol, toluene,
trichloroethylene, and chlorobenzene, as well as
oil and fatty substances. To achieve the removal
of contaminants, hydrophobic silica is deposited
on matrices such as cellulose, chitosan, carbon
nanotubes, graphene oxide, and others (Salazar-
Herndndez C, et.al, 2021; Gomez-Lopez R.V,
et.al 2022).

Table 1
Environmental applications of hydrophobic silica
(Gomez-Lo6pez R.V, 2022)
Applications Silica Adsorbate Removal
deposition
matrix
Removal of | Cellulose- Cu(l) 801 mg/g
metal and | silica aerogel
organic RC-base cd(n 100.16
contaminants | aerogel mg/g
Pb(11) 152.23
mg/g
Chitosan Pb(ll) 102.03
mg/g
Cellulose- Active red X-3B 100%
chitosan
CNT and | Chipton 227.3
chitosan mg/g
Graphene Fenol 99%
Oxide
cellulose Rhodamine B 97%
Organic CF3 oil Absorbs
Solvents and | Functionalized 14  times
oil removal more  oil
than
Aerogel
weighs
Reduced Fatty substance 4517-
Graphene 14728%w
Oxide
Cellulose- Fatty substance 24.8 g/g
silica hybrid
TFPTMOS vy | Toluene 833 mg/g
TMOS Ethanol 458 mglg
Chlorobenzene 11890
mg/g
Trichloroethylene | 1935
mg/g

Source: Own elaboration

In this context, Salazar-Hernandez et al.
have developed a modification of the silica
surface with different organic functional groups,
including methyl, octyl, and polysiloxane
(PDMS), which has been observed to increase
the hydrophobic character as follows: SiO> <
SiO2—CHzs < SiOz—-octyl < SiO>-PDMS.

Salazar-Hernandez, Carmen, Salazar-Hernandez, Mercedes, Mendoza-
Miranda, Juan Manuel and Leon-Reyes, Maria del Rosario. [2024].
SiO2/PDMS modified porous systems for oil removal: reuse cycles
studied. Journal of Experimental Systems. 11[30]-1-9: e61130109.
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The results showed that the hydrophobic
character of the modified silica serves to control
the oil removal capacity through flocculation,
resulting in a maximum for the SiO./PDMS
system of 4 g oil/g SiO>-PDMS (Gomez-Lbpez
R.V, et. al, 2022). The feasibility of using a
porous system (polyurethane sponge) as a
removal system for oily substances was
determined by modifying it with the
SiO,/PDMS ceramic. Figure 2 illustrates the
contaminant removal capacity, demonstrating a
removal capacity of 10 g of oil per m? of treated
sponge, which is equivalent to 12.25 g oil/g of
modified sponge (Gomez-Lopez, R.V, et. al,
2022; Feng X, et. al 2024).

2
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2%PDMS at modified P.F/SiO2-PDMS
Figure 2

Oil removal capacity for P.F/SiO,-PDMS
Source: Take from Gémez-Ldpez R.V, et.al 2022

Thus, this study aims to present the
removal capacity of foam modified with ceramic
in different contaminant removal-extraction
cycles.

Experimental procedure

Synthesis of SiO/PDMS and the modification of
polyurethane

The silica modification was conducted via co-
condensation, as previously reported by Salazar—
Hernandez et al 2021. The polymerization of
TEQOS (Aldrich; 99%) is conducted by magnetic
stirring for 30 minutes at 50 °C, with the addition
of PDMS (Gelesty and DBTL as a
polycondensation catalyst. Table 2 provides a
detailed account of the concentrations of PDMS
used in the silica modification process. The
polyurethane sponge (5 mm x 3 mm x 2 mm)
was subjected to impregnation, after which it
was dried at 50°C for 24 hours.
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Table 2
Amounts of TEOS/PDMS used for silica modification.

TEOS (g) PDMS (g)
SiO./DMS15-1 10 1
Si0./DMS15-2 10 2
SiO,/DMS15-4 10 4

Characterization of the ceramic-modified
sponge

ATR-FT. Attenuated total reflection Fourier
transform  spectroscopy  (ATR-FT)  was
employed to obtain the infrared spectra. This
was conducted using a Nicolet iS10
spectrometer from Thermo Scientific, with an
average of 16 scans acquired across a spectral
window of 4000-600 cm™* and a resolution of 4
cm™.

Hidrophobicity-Contact Angle. The
contact angle for the sponge and sponge-
modified was determined using a drop of
distilled water from L. The image was captured
with a conventional cell camera and the contact
angle was measured with the free software IC-
Measure, with the horizontal base serving as the
reference point.

Oil removal test. The oil absorption
process was initiated by adding 20 mL of water
with red vegetable dye at a concentration of
0.001% (vol./vol.) to a beaker containing 2 mL
of vegetable oil (commercial vegetable oil). This
mixture was prepared as an emulsion in
synthetic water to facilitate experimentation.
The modified sponge was then introduced into
the emulsion to determine the quantity of oil
removed, with measurements taken with a test
tube.

Oil extraction procedure. The organic
solvent was added for oil extraction, with the
extraction cycles conducted with constant
agitation for five minutes in an orbital shaker.
Thereafter, the solution was allowed to drain,
and it was subsequently dried in an oven at 80°C
for 24 hours to eliminate the impregnated
solvent. Subsequently, the structural
modification of the material was assessed
through the evidence of its infrared spectra.

Salazar-Hernandez, Carmen, Salazar-Hernandez, Mercedes, Mendoza-
Miranda, Juan Manuel and Leon-Reyes, Maria del Rosario. [2024].
SiO2/PDMS modified porous systems for oil removal: reuse cycles
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Results and discussions

Sponge modified with SiO2/PDMS ceramics

Figure 3a shows the infrared spectrum for the
unmodified sponge. It shows the characteristic
functional groups for polyurethane at 1650 cm™
and 1708 cm. It also shows the N-H at 3294
cm~tand the C-O-C at 1094 cm. C at 1094 cm~
! C-H at 2966-2867 and 1440 cm™, C-N at
1020-1220 cm™, C=C at 1603, 1580 cm™.
Figure 3b shows that this material is hydrophilic,
meaning it wets out easily.

Upon modification with the ceramic
(Figure 3c), the signals of the impregnated foam
are identified. At 1100 and 790 cm, the Si-O—
Si network is observed, while at 1200 cm2, the
Si—C group of the siloxane chain is observed at
900 cm1, showing as an intense and sharp band.
Additionally, the Si-O-Si group of the siloxane
chain is discernible at this same wavelength,
revealing a distinct and prominent peak. Finally,
the C—H of the —CHg is evident at 2900 cm™. On
the other hand, it was observed that the sponge
underwent further modification as the DMS15
content in the ceramic increased. Furthermore,
the ceramic induces a transition from
hydrophilic to hydrophobic behavior in the
sponge (Figure 3d), as evidenced by a
modification of the contact angle to a value of
136-140° in accordance with the increase in the
siloxane chain length within the silica network.
The results suggest an excellent modification of
polyurethane sponge with ceramic SiO2/PDMS
according to previous reports of this hybrid
ceramic (Feng X, et. al, 2024; Chen K, et. al,
2024; Xu S, et. al 2024)
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Characterization of the polyurethane sponge (a)
infrared spectrum before modification (b) contact angle
before modification (d) infrared spectrum modified
with the ceramic (e) contact angle after modification
with ceramic

Figure 4 shows the effect of siloxane
chain content on the hydrophobicity of the
material, as indicated by the contact angle (6).
The data demonstrate that an increase in the
DMS15 content in the ceramic resulted in a
corresponding increase in the contact angle.
Specifically, the ceramic with 40% DMS15
exhibited a contact angle of 141°, while the
ceramic with 10% DMS15 displayed a contact
angle of 136.75°. Conversely, the data indicates
that the ceramics exhibit superhydrophobic
characteristics (Zhou E, et. al, 2024), as
evidenced by a contact angle exceeding 120°
(Danish M, 2022).
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Figure 4
Effect of siloxane chain content (DMS15) in the silica
network on hydrophobic behavior

Oil Removal Tests
Reuse Cycles

Figure 5 shows how well the unmodified sponge,
and the sponge modified with different siloxane
chain contents (DMS15) remove oil. The
unmodified sponge can only be used once
because the oil gets in between its pores. To
choose the best solvent for extraction, we tested
three common solvents: kerosene, THF, and
hexane. We found that hexane was the most
effective at removing the oil, with a recovery
percentage of 45-50%. Hermogenes et al. 2010
have found this organic solvent works well for
extraction, even though it has a moderate
recovery percentage.

Table 3
Oil extraction capacity in water with organic solvents

% Oil recovery
Kerosene 20
THF 40
Hexane 45-50

The results demonstrated that the higher
the DMS15 content in the ceramic, the greater
the removal capacity. Table 4 shows the increase
in the removal of the modified sponges in each
cycle. In the first cycle, for example, the removal
capacity was 1.7 times greater for the sponge
modified with the ceramic containing 10% of the
siloxane chain (DMS15) than for the control
sponge.
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In the initial cycle, the sponge modified
with the ceramic containing 10% of the siloxane
chain (DMS15) exhibited an increase of 3.8
times, while the DMS15 content was increased
to 40% in the subsequent cycle, resulting in a 4.5
increase.

Box 8

Table 4

Qil removal capacity of the modified sponge
Removal Cycle

1 2 3 5
Polyurethane Sponge 1
SP/Si02-DMS15-1 3.8 2 1 0.46
SP/Si02-DMS15-2 4 210 | 152 | 0.52
SP/Si02-DMS15-4 4.5 2.3 2.28 | 0.62
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Figure 5
Oil removal capacity of the SiO2/DMS15 modified
sponge with varying siloxane chain content.

Figure 6 shows the corresponding
spectra for the modified sponge following the
initial and second removal cycles. In the second
removal cycle, the sponge exhibited a notable
loss in its adsorption capacity, reaching
approximately 50% as observed in Figure 6b.
Following the initial removal cycle, the ceramic
remained unaltered in its structural composition,
with the exception of a reduction in the intensity
of the bands at 1200 cm™ (Si—C). The spectra
also show a decrease in the intensity of the Si-C
band at 1200 cm?, which is attributed to the
removal of the siloxane chain, and an increase in
the intensity of the Si-O-Si band at 1100 cm™,
which is associated with the formation of a silica
network. Additionally, there is an observed
increase in the intensity of the C-H band
between 2800 and 2900 cm, which may
suggest the presence of a thin layer of oil that is
not fully extracted from the system. This could
explain the observed decrease in the observed
removal capacity.
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In the third cycle, the removal capacity
decreases by approximately 70%. According to
the infrared spectrum after the second cycle
(Figure 6c), the oil layer retained in the ceramic
sponge is predominant, with the signals
corresponding to the ceramic (1200 cm™ and
1100 cmt) observed with very low intensity. In
subsequent cycles, the quantity of oil is
markedly elevated, and the presence of ceramic
is no longer evident.

Hexane is inadequate for the complete
extraction of the oily substance. Consequently, a
residual layer is retained from the initial cycle,
which increases with each subsequent cycle,
thereby reducing the removal capacity. The
functional use of the removal system is limited
to up to five cycles.
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Conclusions

The modification of adsorption systems, such as
the polyurethane sponge, with hydrophobic
ceramics  (SiO/PDMS-CH3z), has  been
demonstrated to enhance the retention capacity
of oily agents, including oil. Nevertheless, a
significant challenge inherent to any method of
contaminant removal is the effective extraction
and recovery of the contaminant from the
extractant medium.

Despite the use of an organic solvent
related to oil (hexane), the recovery of the
dispersed oil in water was found to be only 45—
50%. Consequently, based on the infrared
spectra obtained for the PS/SiO,—DMS15-CHz3
from the initial cycle, a minimum layer of oil is
retained, and its concentration increases with
each subsequent cycle. This results in a gradual
decrease in the contaminant removal capacity.

The optimal number of cycles for use-
reuse of the PS/SiO>-DMS15-CHz system is
five. This is based on the observation that under
the extraction conditions used, the concentration
of oil in water is significantly higher than that
found in wastewater. Consequently, the time of
use and application of these systems can be
highly effective and low cost.
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