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Abstract

The lack of infrastructure in teaching laboratories at
Brazilian public institutions compromises practical training
in Chemical Engineering. This study conducted a scientific
and technological prospection of didactic units applied to
teaching in this field, based on 30 publications indexed in
Google Scholar, Scopus, and Web of Science (2009-2025),
along with 3,840 patents retrieved from the Orbit database. In
the scientific scope, only two specific initiatives focused on
Chemical Engineering were identified. In the technological
domain, China leads with 2,742 records, followed by India
(133) and the United States (111). The active patents explore
technologies such as Building Information Modeling (BIM),
3D simulations, and adaptive assessment. The results
highlight significant gaps in the development of didactic
solutions specific to the field, especially within public
education. It is concluded that the integration of emerging
technologies and open platforms represents a strategic
opportunity for innovation in higher education in Chemical
Engineering.

Keywords: Educational Intellectual Property; Emerging
Technologies in Education; Didactic Infrastructure in
Engineering.

Resumo

A caréncia de infraestrutura em laboratérios didaticos nas
instituigdes publicas brasileiras compromete a formagao pratica
em Engenharia Quimica. Este estudo realizou uma prospecgao
cientifica e tecnoldgica sobre unidades didaticas aplicadas ao
ensino da area, com base em 30 publicacdes indexadas no
Google Académico (2009-2025), Scopus e Web of Science,
além de 3.840 patentes extraidas da base Orbit, das quais 2.986
estdo ativas e 854 inativas. Apenas duas patentes especificas
em Engenharia Quimica foram identificadas (uma ativa e uma
inativa), e no ambito cientifico, observou-se que apenas duas
iniciativas estdo diretamente voltadas para o tema. No cenario
tecnologico, a China lidera com 2.742 registros, seguida pela
india (133) e Estados Unidos (111). As patentes ativas abordam
tecnologias como Building Information Modeling (BIM),
simulagdes 3D e avaliagdo adaptativa. Os resultados evidenciam
lacunas expressivas no desenvolvimento de soluc¢des didaticas
especificas para a area, sobretudo na educagéo publica. Conclui-
se que a integrac@o de tecnologias emergentes e plataformas
abertas representa uma oportunidade estratégica para a inovagao
no ensino superior em Engenharia Quimica.

Palavras-chave: Propriedade Intelectual Educacional;
Tecnologias Emergentes no Ensino; Infraestrutura Didatica
na Engenharia.
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1 Introduction

Public higher education institutions have undergone
significant transformations over the past two decades in
response to national demands for professional training
and the need to overcome infrastructure deficiencies.
Decree No. 3,860 of July 9, 2001, which addressed the
organization of higher education and the evaluation of
courses and institutions, was repealed by Decree No. 5,773
of May 9, 2006, which regulated the functions of oversight,
supervision, and evaluation of higher education institutions
and programs within the federal education system. This
decree was subsequently repealed by Decree No. 9,235
of December 15, 2017, which currently establishes the
guidelines governing these functions in Brazilian federal
higher education (Brazil, 2001; Brazil, 2006; Brazil, 2017).
According to Decree No. 9,235 of December 15, 2017,
existing and future laboratories, facilities, equipment, and
technological resources must demonstrate their pedagogical
relevance and alignment with the respective Program
Pedagogical Project (PPC) (Brazil, 2017).

According to the 1988 Federal Constitution,
particularly Article 213, item II, paragraph 2; Article 219,
sole paragraph; and Article 219-B, as well as Law No.
10,973 of December 2, 2004, which establishes incentives
for innovation and scientific and technological research,
the State, through its agencies and public institutions,
is responsible for promoting actions aimed at fostering
scientific, technological, and innovative development
(Brazil, 1988; Brazil, 2004).

Within this context, Law No. 11,892 of December 29,
2008, established the Federal Network of Professional,
Scientific, and Technological Education and created the
Federal Institutes of Education, Science, and Technology.
Among the objectives of these institutions is the education,
training, professional development, and continuous
updating of professionals in various fields of professional
and technological education, with particular emphasis on
undergraduate technology programs, teacher education
degrees, bachelor’s degrees, engineering programs, and
graduate studies at both the specialization and academic
levels (Brazil, 2008). Considering Brazil’s vast territorial
dimensions, the creation of the Federal Institutes enabled
the decentralization of quality public education, bringing
educational infrastructure to regions that had previously
been wunderserved. This public policy contributed
significantly to democratizing access to higher education,
particularly in the fields of science, technology, and
innovation.

Law No. 13,243 of January 11, 2016, established
measures to stimulate scientific development, research,
scientific and technological training, and innovation. Article
19 stipulates that the Federal Government, states, the

Federal District, municipalities, Scientific, Technological,
and Innovation Institutions (ICTs), and their funding
agencies must promote and encourage research and the
development of innovative products and processes through
the provision of financial, human, material, or infrastructure
resources. Such support must be formalized through
specific instruments aligned with national industrial and
technological policy priorities (Brazil, 2016).

Complementing this framework, Resolution No.
2 of April 24, 2019, issued by the National Council of
Education and the Chamber of Higher Education (CNE/
CES), established the National Curriculum Guidelines for
Engineering Undergraduate Programs. These guidelines
define a graduate profile characterized by strong technical
training combined with a holistic, critical, reflective,
collaborative, creative, ethical, and humanistic perspective.
Graduates are expected to be capable of researching,
developing, adapting, and applying new technologies while
demonstrating innovative and entreprencurial competencies.
According to Article 6, item VIII, paragraphs 1 and 2 of
the Resolution, laboratory activities are mandatory for the
development of both general and specific competencies,
with an intensity compatible with the specialization or
emphasis of the engineering program. Furthermore,
institutions are encouraged to promote activities that
integrate theory, practice, and real-world applications,
including extension initiatives and collaboration between
academia and industry (Brazil, 2019).

Public higher education institutions, particularly state
and federal universities, frequently face infrastructure
deficiencies, especially regarding laboratories associated
with engineering programs. These programs typically have
extensive pedagogical curricula that combine common
foundational disciplines with specialized courses designed
to prepare students for highly technical professional
activities. However, not all Brazilian institutions offering
engineering degrees possess adequate infrastructure to
support the practical activities required by these specialized
disciplines. This limitation is particularly pronounced in
institutions located in peripheral regions or far from major
urban centers.

Engineering teaching laboratories require high-cost
equipment, with acquisition expenses varying according to
the specific program and technical requirements involved.
In addition, qualified personnel are essential for operating
such equipment, and technical support services are
necessary to ensure proper maintenance and functionality.

Among the instruments commonly used in engineering
laboratories are the Brookfield viscometer (ranging from
approximately BRL 6,000 to BRL 25,000), laboratory
calorimeters (between BRL 8,000 and BRL 50,000), and gas
flow analyzers (ranging from BRL 15,000 to BRL 100,000).
Although the market offers a wide variety of educational
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devices, establishing a functional laboratory requires the
integration of multiple pieces of equipment to enable the
execution of experiments that are essential for students’
technological training.

Therefore, the present study aims to contextualize the
challenges faced by public higher education institutions

regarding insufficient laboratory infrastructure in
engineering programs. To achieve this objective, a
bibliometric review of scientific and technological

production related to the development of educational units
applied to engineering laboratory contexts is conducted,
with particular emphasis on low-cost solutions.

2 Methodology

This study adopts a qualitative and exploratory
approach focused on the scientific and technological
prospecting of documents related to the use of didactic
units in Chemical Engineering education. To achieve this
objective, two complementary information sources were
employed: the Orbit Intelligence database, internationally
recognized for the breadth and sophistication of its
intellectual property analysis tools; and the Google Scholar,
Web of Science, and Scopus databases, which are dedicated
to scientific and academic literature.

The patent prospecting strategy was developed using
Sofia, a native tool within the Orbit platform that enables
the automated generation of structured search strings
based on combinations of previously defined technical
and thematic descriptors. The term patent was used in
a broad sense, encompassing both patent applications
and granted patents, regardless of their legal status. The
retrieved patent documents were organized, analyzed,
and classified according to criteria related to practical
applicability, integration with educational technologies
(including artificial intelligence, simulations, and
computational modeling), and potential use in Chemical
Engineering educational environments. In addition, aspects
of incremental and radical innovation were evaluated, and
the presence of solutions addressing sustainability and
accessibility within educational contexts was identified.

For the scientific literature review, the Google Scholar
search was restricted to scientific articles, undergraduate
dissertations (final course projects), master’s dissertations,
and doctoral theses. The temporal scope began in 2009,
immediately following the enactment of Law No.
11,892/2008, which established the Federal Institutes
of Education, Science, and Technology (IFs). These
institutions were created with the mission of promoting
scientific and technological education through technical,
technological, and higher education programs. No temporal
restrictions were applied to searches conducted in the Web
of Science and Scopus databases, as illustrated in Figure 1.

For the scientific prospecting component, searches
were performed in Google Scholar, Web of Science, and
Scopus using the following search string:

((“DIDACTIC UNIT” OR “TEACHING UNIT”
OR “LEARNING UNIT”) AND (“CHEMICAL
ENGINEERING”) AND (“TEACHING” OR

“EDUCATION” OR “COURSE” OR “TRAINING” OR
“HIGHER EDUCATION” OR “UNIVERSITY” OR
“UNDERGRADUATE”))

For the technological prospecting component, the
search was conducted using the Orbit Intelligence database,
which is widely recognized for its extensive coverage
and precision in intellectual property analysis. The search
strategy was developed using the Sofia tool, which
generates structured search strings based on predefined
technical descriptors. The technological search string
employed was as follows:

(DIDACTIC 3W UNIT) OR (DIDACTIC
3W MODULE) OR (TEACHING 3W UNIT) OR
(EDUCATIONAL 3W MODULE) OR (INSTRUCTIONAL
3W UNIT) OR (LEARNING 3W MODULE) OR
(TRAINING 3W MODULE) OR (COURSE 3W
MATERIAL) OR (EDUCATIONAL 3W RESOURCE) OR
(TEACHING 3W MATERIAL) OR (INSTRUCTIONAL
3W MATERIAL))/TI/AB/CLMS/SA AND
(ENGINEERING OR (ENGINEERING 3W COURSE) OR
(ENGINEERING 3W EDUCATION) OR (TECHNICAL
3W EDUCATION) OR (ENGINEERING 3W TRAINING)
OR (ENGINEERING 3W CURRICULUM))/TI/AB/
CLMS/SA AND (G09B OR GO6F OR G16H)/IPC.

3 Results and Discussion

The chemical industry emerged from humanity’s
need to preserve and improve quality of life, initially
through the empirical mastery of processes such as
combustion, metallurgy, leather tanning, fermentation, and
the production of natural medicines. However, it became
established as a modern industrial sector only during the
nineteenth century (Almeida & Pinto, 2011; Sapunaru &
Macedo, 2016; Wongtschowski, 2002). Its development
resulted from the integration of laboratory discoveries in
Chemistry with industrial-scale production processes in
Chemical Engineering, shaped by two major traditions: the
German model, based on coal chemistry, and the American
model, centered on petroleum chemistry and continuous
production systems (Wongtschowski, 2002; Demajorovic,
2000).

The institutionalization of Chemical Engineering
occurred in the early twentieth century with the
establishment of the Chemical Engineering program at
the Massachusetts Institute of Technology (MIT) in 1912.
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Figure 1 — Flowchart of the Scientific and Technological Search Strategy for Didactic Units in Engineering
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This initiative helped define distinct methodologies and
theoretical foundations for industrial development, while
the United States assumed global leadership after World
War 1I, driven by advances such as catalytic cracking
and substantial investments in research and development
(Wongtschowski, 2002; Demajorovic, 2000).

In Brazil, Engineering education formally began during
the colonial period and expanded significantly throughout
the twentieth century. A landmark development was the
creation of the Aeronautics Institute of Technology (ITA)
in 1950, recognized for its academic excellence and the
introduction of an innovative pedagogical model for
engineering education. This period also coincided with a
substantial increase in engineering programs, particularly
Chemical Engineering programs, whose expansion
paralleled the establishment of strategic chemical industries
and the broader development of the national industrial
sector (Almeida & Pinto, 2011; Sapunaru & Macedo, 2016;
Silva, Santos, & Afonso, 2006).

Automation and process control play a strategic role
in Chemical Engineering by promoting efficiency, safety,
and sustainability through the use of intelligent sensors,
programmable logic controllers (PLCs), Supervisory
Control and Data Acquisition (SCADA) systems, Artificial

Intelligence, and the Internet of Things. These technologies
enable real-time monitoring and predictive failure analysis.
In addition, technologies such as Digital Twins facilitate
simulation, optimization, and loss reduction while
integrating Industry 4.0 principles to address raw material
variability, fluctuating market demands, and regulatory
requirements. Consequently, the education of chemical
engineers is increasingly aligned with the principles of
clean, efficient, and resilient production systems (Sajadich
& Noh, 2025; Zhang et al., 2024; Min et al., 2019; Raven et
al., 2024).

Despite these advances, Chemical Engineering
education in Brazil continues to face significant structural
limitations. Between 2007 and 2013, only 65.12% of
federal universities partially achieved infrastructure-related
goals, even though student enrollment increased from
140,000 to 243,000. This expansion was not accompanied
by proportional investments in laboratories and essential
infrastructure. The situation was further aggravated by
budgetary constraints that resulted in a reduction of BRL
84.5 billion in funding, negatively affecting research
grants and financial support mechanisms (Brazil, 2018;
Paula & Martin, 2019). Such deficiencies compromise
the development of competencies required to address
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contemporary challenges involving process modeling,
sustainability, renewable energy, and clean technologies
(Arastoopour, 2019; INEP, 2017; Carvalho, 2023; Zhang et
al., 2024).

Within this context, experimental didactic units,
low-cost educational devices, and digital tools based on
simulation and artificial intelligence have emerged as viable
alternatives. At the same time, technological prospecting
through patent analysis provides guidance regarding
emerging trends and educational strategies aligned with the
Brazilian reality, thereby strengthening innovation policies
and scientific sovereignty (Paula & Martin, 2019).

The relevance of technological prospecting is
demonstrated by the data presented in Table 1, which
consolidates information obtained from four databases.
In the Orbit database, 3,840 patent documents related to
engineering education were identified, including 2,986
active and 854 inactive records.

Within the scientific domain, Google Scholar retrieved
18 publications, while Web of Science and Scopus each
returned six records related to didactic units in Chemical
Engineering.

These findings highlight the importance of using
multiple search platforms to obtain a comprehensive
understanding of scientific and technological trends related
to the development of educational solutions. Among the
active patents, applications of didactic units were identified
across several engineering fields, including computer, civil,
electrical, mechanical, aerospace, materials, petroleum,
transportation, environmental, and safety engineering.
However, only one active patent and one inactive patent
were specifically directed toward Chemical Engineering,
revealing a notable scarcity of structured technological
solutions designed for this particular field.

Figure 2 presents the geographical distribution map
of patent filings related to technologies designed for
didactic units applied to engineering education, based
on data extracted from the Orbit database. The blue
color scale represents the number of patent records per
country, while gray areas indicate the absence of identified
records. China emerges as the leading patent applicant,

with up to 2,742 filings, highlighting its prominent role
in technological innovation with potential applications in
higher engineering education.

A significant geographical concentration of patent
filings can be observed, reflecting asymmetries in the
development and protection of educational innovations.
India accounts for 133 patent records, followed by the
United States with 111. In South America, Colombia leads
with four patent filings, while Brazil records only two.
The limited number of filings observed in Latin American
countries may be associated with restricted investments
in Research and Development (R&D), insufficient
technological infrastructure, and the absence of robust
policies encouraging intellectual property protection.

The geospatial analysis of patent filings constitutes
a strategic tool for understanding global dynamics in
educational innovation within engineering. Such analyses
provide valuable insights for the formulation of public
policies, the promotion of international collaborations, and
the development of accessible and effective educational
solutions capable of addressing contemporary challenges in
engineering education.

In Figure 3(a), the organizations with the highest
number of patent filings are predominantly Chinese
institutions, with particular emphasis on universities and
state-owned corporations such as the State Grid Corporation
of China (SGCC) and Zhejiang University. This pattern
suggests the existence of a robust national policy aimed
at promoting intellectual property protection and the
development of educational technologies. The geographical
and institutional concentration of patent filings also
indicates a possible strategic alignment among universities,
government agencies, and the productive sector in China,
thereby strengthening the technological innovation
ecosystem dedicated to educational advancement.

Figure 3(b) reveals a significant upward trend in patent
filings related to didactic units applied to engineering
education, particularly from 2018 onward, with notable
exponential growth between 2021 and 2024. This
temporal evolution suggests an increasing global interest
in technological and methodological educational solutions

Table 1 — Distribution of Technical and Scientific Production Identified in Patent and Scientific Literature Databases (n = 3,840 patents; n = 30

publications)

DATABASE PATENTS JOURNAL ARTICLES

Web of Science 0

Scopus 0

Google Académico 0
Orbit 3.840

Source: Prepared by the authors (2025)

6
6
18
0
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Figure 2 — Global Landscape of Intellectual Property Protection in Didactic Units for Engineering Education (n = 2.986)

Source: Prepared by the authors (2025)

designed for engineering instruction, reflecting advances in
open educational platforms, active learning methodologies,
and growing demands for innovation in higher education.

From a cognitive perspective, this scenario may be
interpreted as a reflection of ongoing transformations in
contemporary educational paradigms, in which students
increasingly assume an active role in the learning process.
Such changes require new pedagogical approaches,
often supported by didactic units, educational devices,
and technological platforms. Patents in this domain
therefore represent not only technical innovations but also
emerging pedagogical concepts, including problem-based
learning, project-based learning, and experiential learning
approaches.

Overall, the findings demonstrate that the field of
didactic units in engineering constitutes not only an area of
educational development but also a domain of technological
and economic competition. In this context, the ability
to innovate and protect educational solutions through
intellectual property mechanisms becomes a strategic
advantage for institutions and countries seeking to lead the
future of engineering education.

Figure 5 presents a technological landscape map
organized by technical domain using a hexagonal cell
structure, based on the classification of patent documents
according to the World Intellectual Property Organization
(WIPO) Technology Concordance framework. The
technological fields are arranged according to patent
density, ranging from red (high concentration) to light gray
(low concentration), as indicated by the scale shown at the
bottom of the figure.

1 2742

The domains exhibiting the highest levels of
technological activity include Computer Technology, IT
Methods for Management, and Digital Communication,
represented by red and orange tones. These areas indicate a
high concentration of innovations and suggest a central role
for digital technologies within contemporary educational
strategies. Other domains demonstrating substantial
technological activity include Medical Technology,
Control, and Measurement, which are closely associated
with automation, instrumentation, and medical simulation
technologies.

Significant levels of patenting activity are also
observed in Electrical Machinery, Apparatus, Energy,
Telecommunications, and Semiconductors, suggesting
a strong presence of electronic and computational
technologies within technical and engineering education
environments. These findings reflect the growing
integration of digital tools, intelligent systems, and
automated processes into educational settings, particularly
in disciplines that require practical and technology-intensive
learning experiences.

In contrast, domains such as Environmental Technology,
Organic Fine Chemistry, and Biotechnology exhibit
relatively low patent densities. This finding may indicate
underexplored opportunities for the development and
application of educational technologies within these fields.
Expanding innovation efforts in these areas could contribute
to the diversification of didactic solutions and support
emerging educational demands related to sustainability,
green technologies, bioprocesses, and advanced chemical
engineering applications.

s
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Figure 3 — Overview of patents related to didactic units applied to engineering: (a) contributions by organization (n = 2,986); (b) temporal

evolution (2005-2024)

Source: Prepared by the authors (2025)

Figure 5 — Distribution of technological intensity across technical domains applied to engineering education (n = 2986)
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Overall, the technological landscape demonstrates that
innovation in didactic units applied to engineering education
is strongly concentrated in digital and information-based
technologies. This pattern reflects broader trends associated
with digital transformation, Industry 4.0, and the increasing
use of intelligent educational systems, while simultaneously
highlighting  opportunities for future technological
development in less represented domains.

Table 2 summarizes the patents analyzed, which present
educational solutions based on digital technologies, with
a particular emphasis on automation and control applied
to technical and scientific learning processes. The active
patent CN113935871A describes an instructional system
composed of five interconnected modules designed to
transform written content into animated and visually
enriched learning experiences.

Measurement

Chemical
engineering

Digital
communication|

Telecom-
munications

Analysis of
biological
materials

Civil
engineering

Other
consumer
goods

Mechanical | Other special
elements machines

Medical
technology

Furniture,
games

Engines,
pumps,
turbines

Machine
tools

Thermal
processes
and
apparatus

Textile and

paper
machines

The first module converts textual material into
structured animations, where major animations correspond
to chapters, branched animations represent subsections,
and detailed animations correspond to specific knowledge
points, allowing direct access to the relevant exercise
page. The second module employs educational intelligence
mechanisms to automatically identify and highlight priority
content, thereby guiding students’ study activities. The
third module generates three-dimensional mind maps and
evaluates student progress based on interactions with the
learning interface. The fourth module incorporates exercises
and real-world assessment questions, recording accuracy
rates, displaying progress indicators, and automatically
integrating incorrectly answered questions into personalized
review plans. The fifth module provides student rankings
and recommends additional exercises to strengthen areas in
which performance remains below expected levels.
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The inactive patent CN115035753B likewise proposes
a five-module integrated system designed to support the
teaching of Chemical Engineering principles through a
cloud-based virtual classroom environment assisted by a
chatbot. Student progression is conditioned upon successful
completion of assessment tests, ensuring the consolidation
of knowledge at each instructional stage. The modules
include: theoretical foundations supported by a question
bank; professional ethics and the contributions of notable
figures in the field; virtual simulation experiments with
learning records managed through big-data algorithms;
in-person laboratory experiments accompanied by the
preparation of technical reports; and simulations involving
equipment design, chemical manufacturing processes, and
operational safety practices.

Both patents demonstrate considerable potential for
application within Brazilian higher education institutions
and could be adapted to local educational contexts and the
specific objectives of Chemical Engineering programs.
Considering that most higher education institutions already
maintain virtual learning environments, such systems
could be implemented either as standalone platforms
or as integrated solutions. Their adoption could foster
active learning experiences, enhance student interaction
with core disciplinary content, and help mitigate existing
infrastructure limitations, particularly in institutions facing
constraints related to laboratory facilities and technological
resources.

Table 3 reveals considerable methodological diversity
in the didactic approaches applied to Chemical Engineering
education and related fields, highlighting ongoing efforts to
align academic training with the contemporary demands of
scientific and engineering education. For instance, the study
conducted by Delgado and Fonseca-Mora (2010) presents
a didactic unit focused on the teaching of unit operations,
whose primary contribution lies in promoting conceptual
and practical understanding through applied instructional
activities.

However, the proposed approach remains largely
confined to the manual execution of operations and does

not address key elements of modern instrumentation,
such as sensors, actuators, or automated control systems.
Consequently, its alignment with the competencies required
by Industry 4.0 remains limited.

In contrast, the work of Battisti et al. (2019) stands out
for its practical and technologically advanced approach by
proposing educational experiments that directly integrate
automation and process control concepts. Students are
engaged in the development of prototypes including
a heat exchanger, a humidification tower, and a tray
dryer, incorporating sensors, microcontrollers (Arduino
platforms), and closed-loop control strategies. These
applications involve the monitoring and manipulation of
variables such as flow rate, temperature, humidity, and mass
loss, providing an educational experience closely aligned
with the technical foundations of industrial instrumentation.

Such an approach contributes not only to the
understanding of the wunderlying physicochemical
phenomena but also to the development of competencies
in automation, control logic, and systems integration, all
of which are essential skills for contemporary chemical
engineers. By combining theoretical knowledge with hands-
on experimentation and digital technologies, the proposal
reflects the growing convergence between engineering
education and industrial digitalization.

Other studies, including those by Silveira (2022),
Mugica (2022), and Neto (2022), broaden the scope of
didactic units by addressing, respectively, industrial process
modeling and simulation, the use of spectrophotometry
in accessible educational contexts, and environmental
education grounded in the Science, Technology, Society,
and Environment (STSE) approach. These initiatives
contribute valuable pedagogical perspectives and promote
active learning strategies within engineering education.

Despite the educational relevance of these proposals,
they generally do not incorporate process control
technologies in a structured manner, revealing a persistent
gap in the integration of technical education with emerging
technological resources. This limitation suggests that many

Table 2 — Patents related to didactic units applied to chemical engineering education

PATENT REGISTRATION TITLE DESCRIPTION

Teaching system based

CNI115035753 on chemical engineering
principle experiment course
BIM live-action simulation+3D
CN113935871 progress thinking guide

Source: Prepared by the authors (2025)

diagram-based constructor
examination learning system

Modular teaching system integrating theory,
virtual simulation, and practical experimentation
for Chemical Engineering principles, with
assessments incorporated into each module.

Simulation-based learning system utilizing BIM and
three-dimensional mind maps, featuring interactive
modules composed of animations and exercises.

CDs
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instructional approaches continue to emphasize conceptual
learning while providing limited exposure to the digital
and automated systems increasingly prevalent in modern
industrial environments.

Overall, the studies analyzed reinforce the importance
of didactic units as tools for active and meaningful
learning. At the same time, they reveal the need to increase
their technical sophistication through the incorporation
of solutions based on automation, advanced simulation,
artificial intelligence, and intelligent control systems.
Such developments would better prepare future chemical
engineers to address the challenges associated with digital
transformation, sustainability, industrial modernization, and
the technological transitions that characterize contemporary
industry.

The combined analysis of patents and scientific
publications reveals both advances and gaps in
the development of didactic units for Chemical
Engineering education. The patents CN113935871A and
CN115035753B describe systems structured around five
interconnected modules that incorporate virtual simulation,
educational intelligence, automated assessment, and
laboratory experimentation. These systems promote active
learning and enhanced interaction with core disciplinary
content, although their implementation would require
adaptation to the Brazilian educational context.

Within the scientific literature, studies such as Delgado
and Fonseca-Mora (2010) present didactic units focused on

unit operations. However, these approaches remain largely
limited to manual procedures and do not integrate modern
instrumentation or automated control systems. In contrast,
Battisti et al. (2019) represent a significant advancement by
combining sensors, microcontrollers, and closed-loop control
strategies, thereby fostering technical competencies that are
closely aligned with the requirements of Industry 4.0.

Other studies (Silveira, 2022; Mugica, 2022; Neto,
2022) broaden the scope of educational approaches
by incorporating process modeling, simulation, and
environmental education. Nevertheless, these initiatives
do not systematically integrate automation and process
control technologies into their instructional frameworks.
Collectively, the literature demonstrates that, although
isolated initiatives exhibit considerable pedagogical and
technological relevance, the limited number of patents
specifically dedicated to Chemical Engineering education
and the methodological dispersion observed among
scientific studies reveal persistent gaps in the consolidation
of innovative educational solutions.

These findings indicate the need for integrated didactic
units capable of combining laboratory experimentation,
automation, process control, simulation, artificial
intelligence, and digital learning environments. Such
approaches would better prepare future chemical engineers to
address the challenges associated with digital transformation,
sustainability, industrial modernization, and the increasing
technical complexity of contemporary engineering practice.

Table 3 — Articles on didactic units applied to chemical engineering education, 2009-2025

TITLE AUTHOR DESCRIPTION

The use of co-operative work and Delgado, M. A;
rubrics to develop competences Fonseca-Mora,
p comp M. C. (2010)

Studentes bulding didactic experiments
as a tool for teaching unit operations and

process control for chemistry technicians ()

Study of Modeling and Simulation
of a Didactic Plant MTX-Lab

PhotometrixPro®: An Alternative
for Spectrophotometric Practices
in Biochemistry Education

A Multistrategic Didactic Unit
Proposal for Teaching Heavy Metal
Pollution and Remediation in
Environmental Chemistry Education
from a Science—Technology—
Society—Environment Perspective

Source: Prepared by the authors (2025)

Battist, R. et al,,

Silveira, L. A., (2022)

Mugica, P. M., (2022)

Neto, G. S. P., (2022)

Discusses the application of

Chemical a didactic unit in Chemical
Engineering Engineering aimed at developing
competencies in unit operations.
Proposes the construction of
Chemical didactic experiments involving
Engineering heat exchangers, adsorption,
humidification, and drying.
. . Presents a didactic plant designed
Engineering . . .
for process modeling and simulation.
. . Supports the understanding
B G e e iy of Biochemistry content.
Proposes a multistrategic didactic
Environmental unit for teaching heavy metal
Chemistry pollution and remediation in

Environmental Chemistry.
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4 Final Considerations

The analysis of scientific and technological data
revealed an uneven landscape regarding the development of
didactic units for Chemical Engineering education. Despite
the strategic importance of this field to the industrial sector,
there is a significant shortage of low-cost educational
materials specifically designed for Chemical Engineering,
particularly within the context of public education. The
findings indicate that most innovations are concentrated
in areas such as robotics, computer science, and artificial
intelligence, whereas traditionally experimental disciplines,
such as Chemistry, continue to receive comparatively
limited attention.

Brazilian scientific production stands out in terms of
the volume of publications; however, this productivity is
not reflected in a corresponding number of patent filings.
This discrepancy highlights a gap between the academic
knowledge generated and its transformation into protected
technological solutions that can be effectively applied in
educational settings. Only two Chinese patents, one active
and one inactive, were identified as being directly related
to Chemical Engineering education, revealing a substantial
deficiency in the development of customized educational
technologies for this field.

Furthermore, the data demonstrated a strong
geographical and institutional concentration of patent
activity, with a predominance of Chinese universities
and companies. This pattern reflects the existence of
robust public policies aimed at encouraging technological
innovation and intellectual property protection, in contrast
to the reality observed in many Latin American countries.

The analysis also identified the increasing adoption
of emerging technologies such as Building Information
Modeling (BIM), three-dimensional simulations, and
artificial  intelligence  within  educational systems,
particularly in initiatives designed to promote active and
personalized learning. The integration of these technologies
into didactic units represents a promising strategy for
overcoming the structural limitations faced by many
Brazilian institutions, especially those located in regions
distant from major urban centers.

The use of open platforms, low-cost devices, and
competency-based educational methodologies can facilitate
meaningful learning experiences even in environments with
limited infrastructure. Such approaches offer opportunities
to democratize access to high-quality engineering education
while aligning instructional practices with the technological
demands of contemporary industry.

Therefore, fostering the development of low-cost
didactic units aligned with current curriculum guidelines
and digital transformation initiatives should be considered

a strategic priority. Such efforts can contribute to greater
equity, innovation, and quality in Chemical Engineering
education, while simultaneously strengthening the capacity
of educational institutions to prepare professionals capable
of addressing the technological and industrial challenges of
the twenty-first century.

5 Future Perspectives

The evolution of educational technologies has driven
the development of increasingly sophisticated instructional
systems, particularly through the incorporation of virtual
simulations, Augmented Reality (AR), and Virtual Reality
(VR). These resources enable the implementation of
experimental activities within digital environments,
helping to mitigate the shortage of laboratory infrastructure
frequently encountered in Chemical Engineering programs.
The simulation of industrial processes allows students to
develop technical competencies in a safe, accessible, and
controlled setting.

Recent advances include the integration of Artificial
Intelligence (AI) and machine learning into educational
platforms, enabling adaptive learning systems capable of
personalizing instruction, providing real-time feedback,
and generating realistic simulations based on Digital Twin
technologies. These innovations strengthen data-driven
learning approaches and facilitate the understanding and
internalization of complex engineering processes.

In addition, the use of open-source platforms such as
Raspberry Pi supports the development of modular, low-
cost, and highly replicable didactic units. This technological
convergence expands access to experimental learning
opportunities and promotes the creation of hybrid and
sustainable learning environments, which are increasingly
essential for contemporary Chemical Engineering education.
By combining digital technologies, practical experimentation,
and intelligent learning systems, these approaches contribute
to the development of technical, analytical, and problem-
solving skills required by modern industrial environments
and the broader context of digital transformation.

References

ALMEIDA, Marcia R.; PINTO, Angelo C. Uma breve
historia da quimica Brasileira. Ciéncia e Cultura, v. 63,
n. 1, p. 41-44, 2011. DOI: http://dx.doi.org/10.21800/
S0009-67252011000100015.

ARASTOOPOUR, Hamid. The critical contribution
of chemical engineering to a pathway to
sustainability. Chemical Engineering Science, v.
203, p. 247-258, 2019. DOI: https://doi.org/10.1016/j.
ces.2019.03.069.

CD 1w

Cadernos de Prospeccao, Salvador, v. 19, n. 3, e68740, p. 1-12, July-September, 2026.


http://dx.doi.org/10.21800/S0009-67252011000100015
http://dx.doi.org/10.21800/S0009-67252011000100015
https://doi.org/10.1016/j.ces.2019.03.069
https://doi.org/10.1016/j.ces.2019.03.069

José Carlos de Oliveira, Katia Tames Lourenco, Emanuelly Kamilly
Korbes, Janio Alves Ribeiro

Technological Prospection of Didactic Units in Chemical Engineering:
patent trends and educational gaps

BATTISTI, Rodrigo ef al. Students building

didactic experiments as a tool for teaching unit

operations and process control for chemistry

technicians. Quimica Nova, v. 42, p. 983-989, 2019.

DOI: https://doi.org/10.21577/0100-4042.20170403.
Disponivel em: https://www.scielo.br/j/qn/a/
JWBBZq88mSRdpFCgw7zvDPQ/?lang=en. Acesso em: 15
jun. 2025.

BRASIL. Constitui¢do da Republica Federativa do
Brasil de 1988. Disponivel em: https://www?2.senado.
leg.br/bdsf/bitstream/handle/id/518231/CF88_Livro
EC91 2016.pdf. Acesso em: 20 jun. 2025.

BRASIL. Decreto n. 3.860, de 9 de julho de 2001. Dispde
sobre a organizacao do ensino superior, a avaliacao de
cursos e instituigdes, e d outras providéncias. Didrio
Oficial da Unido, Brasilia, DF, secdo 1, 10 jul. 2001.
Disponivel em: https://www.planalto.gov.br/ccivil 03/
decreto/2001/d3860.htm. Acesso em: 12 jul. 2025.

BRASIL. Lei n. 10.973, de 2 de dezembro de 2004. Dispoe
sobre incentivos a inovagdo e a pesquisa cientifica e
tecnologica no ambiente produtivo e da outras providéncias.
Diario Oficial da Unido, Brasilia, DF, se¢do 1, 3 dez. 2004.
Disponivel em: https://www.planalto.gov.br/ccivil 03/
at02004-2006/2004/1ei/110.973.htm. Acesso em: 12 jul.
2025.

BRASIL. Decreto n. 5.773, de 9 de maio de 2006. Dispde
sobre o exercicio das funcdes de regulacdo, supervisdo e
avaliacdo de institui¢des de educacdo superior e cursos
superiores de graduacdo e sequenciais no sistema federal
de ensino. Diario Oficial da Uniao, Brasilia, DF, se¢do 1,
10 maio 2006. Disponivel em: https://www.planalto.gov.br/
ccivil 03/ At02004-2006/2006/Decreto/D5773.htm#art79.
Acesso em: 12 jul. 2025.

BRASIL. Lei n. 11.892, de 29 de dezembro de 2008.
Institui a Rede Federal de Educacédo Profissional, Cientifica
e Tecnologica, cria os Institutos Federais de Educacio,
Ciéncia e Tecnologia, e da outras providéncias. Didrio
Oficial da Uniao, Brasilia, DF, se¢do 1, 30 dez. 2008.
Disponivel em: https://www.planalto.gov.br/ccivil 03/
ato2007-2010/2008/1ei/111892.htm. Acesso em: 12 jul.
2025.

BRASIL. Lei n. 13.243, de 11 de janeiro de 2016. Dispde
sobre estimulos ao desenvolvimento cientifico, a pesquisa,
a capacitagdo cientifica e tecnoldgica e a inovagdo. Diario
Oficial da Unifo, Brasilia, DF, se¢do 1, 12 jan. 2016.
Disponivel em: https://www.planalto.gov.br/ccivil 03/
at02015-2018/2016/1ei/113243.htm. Acesso em: 12 jul.
2025.

BRASIL. Decreto n. 9.235, de 15 de dezembro de 2017.
Dispde sobre o exercicio das fungdes de regulacao,
supervisdo e avaliacdo das instituicdes de educagdo superior
e dos cursos superiores de graduacdo e de pos-graduacao

no sistema federal de ensino. Diario Oficial da Unido,
Brasilia, DF, secao 1, 18 dez. 2017. Disponivel em: https://
www.planalto.gov.br/ccivil 03/ Ato2015-2018/2017/
Decreto/D9235 . htm#art107. Acesso em: 12 jul. 2025.

BRASIL. Ministério da Educa¢do. Secretaria de Educagao
Profissional e Tecnologica. Relatério anual de anélise
dos indicadores de gestao das instituicoes federais de
educacio profissional, cientifica e tecnolégica: exercicio
2018. Brasilia, DF: MEC/SETEC, 2018. Disponivel em:
http://portal.mec.gov.br/docman/julho-2019-pdf/117321-
caderno-de-indicadores-2019-tcu/file. Acesso em: 20 set.
2025.

BRASIL. Conselho Nacional de Educagdo. Camara de
Educacao Superior. Resolugdo CNE/CES n. 2, de 24 de
abril de 2019. Institui as Diretrizes Curriculares Nacionais
do curso de graduagdo em Engenharia. Diario Oficial da
Unifo, Brasilia, DF, sec¢do 1, 25 abr. 2019. Disponivel em:
https://www.gov.br/mec/pt-br/cne/resolucoes/resolucoes-
cne-ces-2019. Acesso em: 12 jul. 2025.

CARVALHO, Carolina Magalhiaes Wanderlei de.
Observatério da Educacio da Capes: trajetoria e
contribui¢des enquanto politica publica para formacao
associada a pesquisa. 2023. 168p. Dissertacao (Mestrado
em Educagdo em Ciéncias: Quimica da Vida e Satde) —
Universidade Federal do Rio Grande do Sul, Instituto de
Ciéncias Basicas da Saude, Porto Alegre, 2023.

DELGADO, M. A.; FONSECA-MORA, M. Carmen.

The use of co-operative work and rubrics to develop
competences. Education for Chemical Engineers, v. 5, n.
3, p. €33-e39, 2010. DOI: https://doi-org.ez52.periodicos.
capes.gov.br/10.1016/j.ece.2010.05.002. Disponivel em:
https://www-sciencedirect-com.ez52.periodicos.capes.gov.
br/science/article/pii/S1749772810000060. Acesso em: 10
jun. 2025.

DEMAJOROVIC, Jacques. Sociedade de risco e
responsabilidade socioambiental: perspectivas para a
educagdo corporativa. 2000. 270p. Tese (Doutorado em
Educacdo) — Faculdade de Educacdo, Universidade de Sao
Paulo, Sao Paulo, 2000.

INEP — INSTITUTO NACIONAL DE ESTUDOS E
PESQUISAS EDUCACIONAIS ANISIO TEIXEIRA.
Sistema Nacional de Avaliacdo da Educacio Superior
(SINAES): instrumento de avaliagdo institucional externa
presencial e a distancia: recredenciamento e transformagéo
de organizagdo académica. Brasilia, DF: Inep, 2017.

MIN, Qingfei et al. Machine learning based digital twin
framework for production optimization in petrochemical
industry. International Journal of Information
Management, v. 49, p. 502-519, 2019. DOI: https://doi.
org/10.1016/j.ijinfomgt.2019.05.020.

MUGICA, Pamela Martins. Photometrixpro®: uma
alternativa para praticas espectrofotométri-cas no

ensino de bioquimica. 2022. Dissertacdo (Mestrado em
Bioquimica) — Universidade Federal do Pampa, Programa
de Poés-Graduacdo em Bioquimica, Uruguaiana, 2022.
Disponivel em: https://repositorio.unipampa.edu.br/
items/85f080e0-23ba-413b-a3{6-ef793b6353f4. Acesso
em: 11 jun. 2025.

Cadernos de Prospecgao, Salvador, v. 19, n. 3, e68740, p. 1-12, July-September, 2026.

11 CD


https://doi.org/10.21577/0100-4042.20170403
https://www.scielo.br/j/qn/a/JWBBZq88mSRdpFCgw7zvDPQ/?lang=en
https://www.scielo.br/j/qn/a/JWBBZq88mSRdpFCgw7zvDPQ/?lang=en
https://www2.senado.leg.br/bdsf/bitstream/handle/id/518231/CF88_Livro_EC91_2016.pdf
https://www2.senado.leg.br/bdsf/bitstream/handle/id/518231/CF88_Livro_EC91_2016.pdf
https://www2.senado.leg.br/bdsf/bitstream/handle/id/518231/CF88_Livro_EC91_2016.pdf
https://www.planalto.gov.br/ccivil_03/decreto/2001/d3860.htm
https://www.planalto.gov.br/ccivil_03/decreto/2001/d3860.htm
https://www.planalto.gov.br/ccivil_03/_ato2004-2006/2004/lei/l10.973.htm
https://www.planalto.gov.br/ccivil_03/_ato2004-2006/2004/lei/l10.973.htm
https://www.planalto.gov.br/ccivil_03/_Ato2004-2006/2006/Decreto/D5773.htm#art79
https://www.planalto.gov.br/ccivil_03/_Ato2004-2006/2006/Decreto/D5773.htm#art79
https://www.planalto.gov.br/ccivil_03/_ato2007-2010/2008/lei/l11892.htm
https://www.planalto.gov.br/ccivil_03/_ato2007-2010/2008/lei/l11892.htm
https://www.planalto.gov.br/ccivil_03/_ato2015-2018/2016/lei/l13243.htm
https://www.planalto.gov.br/ccivil_03/_ato2015-2018/2016/lei/l13243.htm
https://www.planalto.gov.br/ccivil_03/_Ato2015-2018/2017/Decreto/D9235.htm#art107
https://www.planalto.gov.br/ccivil_03/_Ato2015-2018/2017/Decreto/D9235.htm#art107
https://www.planalto.gov.br/ccivil_03/_Ato2015-2018/2017/Decreto/D9235.htm#art107
http://portal.mec.gov.br/docman/julho-2019-pdf/117321-caderno-de-indicadores-2019-tcu/file
http://portal.mec.gov.br/docman/julho-2019-pdf/117321-caderno-de-indicadores-2019-tcu/file
https://www.gov.br/mec/pt-br/cne/resolucoes/resolucoes-cne-ces-2019
https://www.gov.br/mec/pt-br/cne/resolucoes/resolucoes-cne-ces-2019
https://doi-org.ez52.periodicos.capes.gov.br/10.1016/j.ece.2010.05.002
https://doi-org.ez52.periodicos.capes.gov.br/10.1016/j.ece.2010.05.002
https://www-sciencedirect-com.ez52.periodicos.capes.gov.br/science/article/pii/S1749772810000060
https://www-sciencedirect-com.ez52.periodicos.capes.gov.br/science/article/pii/S1749772810000060
https://doi.org/10.1016/j.ijinfomgt.2019.05.020
https://doi.org/10.1016/j.ijinfomgt.2019.05.020
https://repositorio.unipampa.edu.br/items/85f080e0-23ba-413b-a3f6-ef793b6353f4
https://repositorio.unipampa.edu.br/items/85f080e0-23ba-413b-a3f6-ef793b6353f4

José Carlos de Oliveira, Katia Tames Lourenco, Emanuelly Kamilly
Korbes, Janio Alves Ribeiro

Technological Prospection of Didactic Units in Chemical Engineering:
patent trends and educational gaps

NETO, Guilherme Salvador Peres. Uma proposta de
Unidade Didatica Multiestratégica para ensinar
sobre poluicdo e recuperacio de metais pesados

no ensino de quimica ambiental na perspectiva da
ciéncia-tecnologia-sociedade-ambiente. 2022. Trabalho
de conclusdo de curso (Licenciatura em Quimica) —
Universidade Estadual Paulista, Instituto de Quimica de
Araraquara, Sao Paulo, 2022. Disponivel em: https://
repositorio.unesp.br/entities/publication/ecf2e69b-5b69-
4494-a874-23e8b8%af65c¢c. Acesso em: 22 jun. 2025.

PAULA, Camila Henriques; MARTIN, Débora
Gonzaga. Os efeitos do reuni sobre a pés-graduagédo das
universidades federais. Ciéncia Dinamica, v. 10, n. 2,
2019. DOI: 10.4322/2176-6509.2022.006.

RAVEN, Douglas B. et al. Machine learning

& conventional approaches to process control

& optimization: Industrial applications &

perspectives. Computers & Chemical Engineering,
v. 189, p. 108789, 2024. DOLI: https://doi.org/10.1016/j.
compchemeng.2024.108789.

SAJADIEH, Seyed Mohammad Mehdi; NOH, Sang Do.
From Simulation to Autonomy: Reviews of the Integration
of Artificial Intelligence and Digital Twins. International
Journal of Precision Engineering and Manufacturing-
Green Technology, p. 1-32, 2025. DOI: https://doi.
org/10.1007/s40684-025-00750-z.

SAPUNARU, Raquel Anna; MACEDO, Geisla M. Uma
breve historia da engenharia e seu ensino no Brasil e no
mundo: foco Minas Gerais. Revista de Engenharia da
Universidade Catoélica de Petrépolis, v. 10, n. 1, p. 39-
52, 2016. Disponivel em: https://seer.ucp.br/seer/index.
php/REVCEC/article/view/594. Acesso em: 10 jul. 2025.

SILVA, Aleandro P.; SANTOS, Nadja P. dos; AFONSO,
Julio C. A criag@o do curso de Engenharia Quimica na
Escola Nacional de Quimica da Universidade do Brasil.
Quimica Nova, Sdo Paulo, v. 29, n. 4, p. 881-888, 2006.
DOIL: https://doi.org/10.1590/S0100-40422006000400044.

SILVEIRA, Lucas Aldrighi. Estudo de modelagem

e simulacio da planta didatica MTX-Lab. 2022. p.
95. Dissertagao (Mestrado em Engenharia Quimica)

— Escola de Engenharia, Departamento de Engenharia
Quimica, Universidade Federal do Rio Grande do Sul,
Porto Alegre, 2022.Disponivel em: https://lume.ufrgs.br/
handle/10183/255320. Acesso em: 16 jun. 2025.

UFMG — UNIVERSIDADE FEDERAL DE MINAS
GERAIS. Departamento de Engenharia Quimica.
Histéria. [2025]. Disponivel em: https://www.deq.ufmg.
br/departamento/Histria. Acesso em: 12 jul. 2025.

WONGTSCHOWSKI, Pedro. Industria quimica: riscos
e oportunidades. 2. ed., ver. e ampl. Sdo Paulo: Blucher,
2002.

ZHANG, Yinan et al. Promoting digital twin technology
application for process industry: A novel generation
modelling platform and its implementations. Digital
Twins and Applications, v. 1, n. 1, p. 51-74, 2024. DOI:
https://doi.org/10.1049/dgt2.12010.

About the Authors

José Carlos de Oliveira

E-mail: jdl_cba@hotmail.com

ORCID: https://orcid.org/0009-0009-0144-7238
Undergraduate Student in Chemical Engineering, Federal
University of Mato Grosso.

Katia Tames Lourenco

E-mail: ka_tabloon@hotmail.com

ORCID: https://orcid.org/0009-0006-4677-4927

Medical Doctor, Federal University of Mato Grosso, 2021.
Professional Address: 28 Street, Block 141, House 04, Pedra 90,
Cuiaba, Mato Grosso, Brazil. ZIP Code: 78099-140

Emanuelly Kamilly Korbes

E-mail: emanuelly.korbes@sou.ufmt.br

ORCID: https://orcid.org/0009-0007-3746-3606
Undergraduate Student in Chemistry Education, Federal
University of Mato Grosso do Sul.

Professional Address: Eight Street, Boa Esperanca, Cuiaba,
Mato Grosso, Brazil. ZIP Code: 78068-765

Janio Alves Ribeiro

E-mail: janio.ribeiro@ufmt.br

ORCID: https://orcid.org/0000-0002-9916-8166

Ph.D. in Chemical Engineering, Federal University of
Uberlandia, 2012.

Professional Address: 2367 Forty-Nine Street, Boa Esperanga,
Cuiaba, Mato Grosso, Brazil. ZIP Code: 79070-900

CD 12

Cadernos de Prospeccao, Salvador, v. 19, n. 3, e68740, p. 1-12, July-September, 2026.


https://repositorio.unesp.br/entities/publication/ecf2e69b-5b69-4494-a874-23e8b89af65c
https://repositorio.unesp.br/entities/publication/ecf2e69b-5b69-4494-a874-23e8b89af65c
https://repositorio.unesp.br/entities/publication/ecf2e69b-5b69-4494-a874-23e8b89af65c
https://doi.org/10.1016/j.compchemeng.2024.108789
https://doi.org/10.1016/j.compchemeng.2024.108789
https://doi.org/10.1007/s40684-025-00750-z
https://doi.org/10.1007/s40684-025-00750-z
https://seer.ucp.br/seer/index.php/REVCEC/article/view/594
https://seer.ucp.br/seer/index.php/REVCEC/article/view/594
https://doi.org/10.1590/S0100-40422006000400044
https://lume.ufrgs.br/handle/10183/255320
https://lume.ufrgs.br/handle/10183/255320
https://www.deq.ufmg.br/departamento/Histria
https://www.deq.ufmg.br/departamento/Histria
https://doi.org/10.1049/dgt2.12010
mailto:jdl_cba@hotmail.com
https://orcid.org/0009-0009-0144-7238
mailto:ka_tabloon@hotmail.com
https://orcid.org/0009-0006-4677-4927
mailto:emanuelly.korbes@sou.ufmt.br
https://orcid.org/0009-0007-3746-3606
mailto:janio.ribeiro@ufmt.br
https://orcid.org/0000-0002-9916-8166

