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Abstract

This paper describes the procedure for the development of the conceptual design of a spraying machine,
which will help in the recycling of glass obtained from evacuated tubes. This design was made under the
consideration of generating a proprietary technology, which would allow to obtain in the region the
necessary elements for its construction, as well as for the maintenance and improvement of the prototype,
because the existing ones are expensive or require maintenance to be provided by the companies that sell
them, and spare parts, in some cases, need to be ordered from abroad. The development of the concept
was done following the methodology for mechanical engineering design, starting by identifying a
problem to be solved, glass deposition in landfills; generating sketches, identifying the elements and
components to be used; evaluating the feasibility of obtaining them and generating the final concept for
their manufacture.
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Resumen

En el presente trabajo se describe el procedimiento para el desarrollo del disefio conceptual de una
maquina pulverizadora, la cual ayudara en el reciclado de vidrio obtenido de tubos evacuados. Este
disefio se hizo bajo la consideracion de generar una tecnologia propia, la cual permita conseguir en la
region los elementos necesarios para su construccion, asi como para el mantenimiento y mejora del
prototipo, debido a que las existentes son costosas o requieren que el mantenimiento sea brindado por las
empresas que las venden, y las refacciones, en algunos casos, requieren solicitarse al extranjero. El
desarrollo del concepto se hizo siguiendo la metodologia para el disefio en ingenieria mecanica,
empezando por identificar un problema a resolver, deposicion del vidrio en vertederos de basura;
generando bosquejos, identificando los elementos y componentes a utilizar; evaluacion de la viabilidad
en la obtencidn de éstos y generacion del concepto final para su fabricacion.
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Introduction

A lot of solid waste in urban territories has occupied too many land environments of people. As municipal
solid waste can’t diffuse quickly, the contamination threat they pose to the earth has long term potential.
The unsafe parts in solid wastes can make potentially dangerous nature, individuals, and creatures. These
ecological risk impacts can spread from people to the entire species; lastly, break the entire eco-
equalization and harm our common assets (Rajpal, Choudhury, Goswami, Chakravorty, & Raghavan,
2024).

Glass is among the most abundant materials on earth obtained primarily from silica. With the
development of science, technology, and society, it has become one of the most important inorganic
materials. Combining transparency, durability, chemical resistance, and a compressive strength higher
than concrete and even steel, it is widely used in housing construction and daily life (Quirino Brito,
Agrawal, Alves de Mélo, de Figueiredo Brito, & Rodrigues da Silva Morais, 2023). After the end use,
the waste glass can be screened, cleaned and re-melted for the manufacture of new glass products.
However, the impurities, multiple type, colour, and lack of screening facilities makes a barrier to this re-
use, and they usually end up in stockpiles or landfills (Hamada, Alattar, Tayeh, Yahaya, & Thomas,
2022).

Due to the high cost of cleaning and colour sorting, the recycling rate for glass bottles is only
about 25% and most waste glass is sent to landfill as residue; since glass is not biodegradable, landfills
do not provide an environmentally-friendly solution (Tittarelli, Giosue, & Mobili, 2018). Several studies
have been carried out to incorporate recycled glass in various applications, mainly in architecture, civil
engineering, ceramics and dentistry, where crushing and/or pulverizing of glass is required. The main
source of recycled material is glass bottles, however, there are kitchen utensils, televisions and recently,
the evacuated tubes of solar heaters that also generate an increase of this material in landfills.

The interest in providing a solution to the reuse of evacuated pipes and cooperate in the reduction
of this type of waste, is what motivates to make a prototype that allows to crush and/or pulverize the
glass of these elements, to reuse the material and take advantage of its properties, among which stands
out its resistance to chemical attacks (De Dietrich, 2024).

The pulverizing machines that have been found in the market, mostly result for another
application, shredding of organic material generated in agriculture such as grains, coffee, branches,
trunks, among others (Harden, 2024). In some cases, companies offer engineering solutions and project
development according to the granulometry, material mix, for the manufacture of this type of machinery
(Lasser/kenito, 2024); however, the cost is usually high and in some cases the equipment that meets the
characteristics required by the consumer is not available.

Therefore, considering that this research is still under development, the main challenge is to have
equipment that helps in the task of pulverize the proposed material, evacuated tubes. So that, by
developing a pulverizing machine, it will allow improvements to be made depending on the particle size
of the material obtained, with the purpose of having its own manufacturing technology for the recycling
of the evacuated tubes, as well as the certainty of obtaining the pieces in the national market.

In addition, according to research conducted by Beck, the purpose of scientific research is to
produce reliable knowledge and work towards understanding and solving societal, technical, and
environmental challenges; related to applying open and collaborative practices along the entire process
of generating and disseminating new scientific insights and translating them into innovation (Beck, et
al., 2020).

In the development of the present work, the Methodology section describes the phases contained
in the mechanical design process: identifying a need, generating conceptual ideas, analyzing the
feasibility of the sketches generated, evaluating the options presented and defining the final prototype.
In the Results, the selection of the prototype and its application are presented, followed by the
Conclusions derived from the development of the conceptual design and the joint work to obtain the final
prototype.
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Methodology

For the development of the prototype of the pulverize machine, the phases of the process contained in
the theory for the mechanical design are considered (Budynas & Nisbett, 2008), and schematically
represented in the following figure.
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Figure 1

Phases of the design process that recognize multiple feedback and
iterations

(Budynas & Nisbett, 2008)

The design of the equipment is made in such a way that it allows pulverizing the glass from which
the evacuated tubes are made, which is indispensable for the development of the present project, since
the pulverized glass constitutes the raw material for a second stage of the research.

Identification of need

Nowadays, many recycling company realize that they gain little or even have a loss of income by
processing glass. The general process recycling included of collecting, sorting, transporting,
beneficiating, and manufacturing glass back into bottles, is the most common form of glass recycling and
has costs embedded in each step of the process.

Glass is produced in many forms, including packaging or container glass, flat glass, bulb glass,
and cathode ray tube glass. e reused in order to avoid environmental problems. The plain glass dust waste
can be recycled, but it is costly to remove the color of colored glasses and recycle again. The plain glass
dust waste can be recycled, but it is costly to remove the color of colored glasses and recycle again (Nur
Liza, et al., 2015).

The urgency of caring for the environment has led us to look for efficient ways to take advantage
of solar energy. For this reason, solar water heaters are increasingly being used to cover hot water needs
without using fossil fuels that destroy our planet. The tubes that make up the solar heater are quite
resistant to heat, hail, rain and stones, but it may happen that one or more of them break and need to be
replaced (Technologies, 2023).

In this context, it should be noted that different companies that provide this type of technology
suggest that when a tubes breaks, it should be replaced immediately; however, they do not include any
recommendation for the final disposal of the discarded pipe, which generally goes to landfills.
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Figure 2

Failed evacuated tube
Own elaboration

Currently, glass plays a fundamental role in Mexican sectors such as container manufacturing,
packaging, construction and the automotive industry. This demonstrates its importance in the production
chain of national strategic sectors, along with the growing trend of ecology and sustainability. However,
according to data from the Ministry of Environment and Natural Resources (Semarnat) in the country
only 12 percent of the more than 2.5 million tons of glass containers that go annually to the trash is
recycled. This means a challenge for the Mexican market, as there is a niche to fill in terms of glass
recycling (Reciclado, 2024).

From what has been described so far, it is considered that with the development of a spraying
machine for the recycling of glass from evacuated tubes, it is possible to contribute to the reduction of
this type of waste in landfills.

Definition of problem

The main application of recycled glass is in the construction industry, as fine aggregate (sand) (Hamada,
Alattar, Tayeh, Yahaya, & Thomas, 2022) or coarse (gravel) and in some cases as a cementitious material
(Redondo-Mosquera, Sanchez-Angarita, Redondo-Pérez, Gomez-Espitia, & Abellan-Garcia, 2023).

Particle size varies according to the type of aggregate, fine aggregate consists of natural sand or
crushed stone with most of its particles smaller than 5 mm (0.2 in.), coarse aggregates consist of one or
a combination of gravels or crushed stones with particles predominantly larger than 5 mm (0.2 in) and
generally between 9.5 mm and 37.5 mm (3/8 and 1 %2 in) (Kosmatka, Kerkhoff, & Paranese, 2004).

Therefore, in the design of the pulverizing machine, the final particle size to be obtained must be
considered; besides considering that the tubes will be obtained when they have failed, so the length will
vary, the dimensions of the evacuated tubes are 58 mm in diameter and 1800 mm in length approximately.
It should also be taken into account that the opening through which the tubes are introduced should be
easy to handle, as well as when the pulverized glass is to be removed; likewise, the speed variation should
be allowed for testing the parameters to be manipulated in order to obtain the product in less time.

Synthesis

In Aquino's work (2011) they mention 5 types of crushers for materials in general and they are the
following: hammer mill, rotary drum or roller mill, jaw crusher, vertical impact shaft and rotating discs
and breaker bars (Aquino Fajardo & Tamayo, 2011). For his part, Ares (2017), analyzes particle sizes
generated in three different mills: ball, roller and blade mills (Ares, Accoroni, Ferigutti, Godoy, &
Reinheimer, 2017). However, Waganoff classifies crushing machines on the basis of a characteristic
element: the main crushing element(s). The jaw crushers perform the fragmentation with the jaws,
regardless of their shape, flat, conical or cylindrical; the hammer crushers with hammers or similar
elements (Waganoff, 1956).

Jaw crushers are capable of crushing ores of large size and hardness. A characteristic diagram of
this type of crusher is shown in Figure 3.
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Figure 3
Jaw crusher

Mclanahan, 2020

The toothed roll crusher is made up of two toothed rolls. The teeth may be blades, shark teeth,
spades, grooves, among others. Figure 4 shows this type of crusher.

Figure 4
Toothed roll crusher

Manufactury, 2024

The hammer mill consists of rotors containing fixed or movable impingement elements that rotate
at high speeds around a horizontal or vertical axis, inside a shielded chamber whose lower part may or
may not be closed with a grate. A schematic of this type of mill is shown in Figure 5.

&
‘ FAM

Hammer Mills

Figure 5
Hammer mill

Industry, 2024
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There is a wide variety of crushing machines and mills, which have modifications regarding the
main elements, dimensions and characteristics; these provided information regarding the shape, size and
components to be considered for the development of the conceptual design. From the review carried out,
different sketches were generated to develop the machine that will crush/pulverize the glass from the
evacuated pipes. The generation of ideas is an important part for the final selection of the conceptual
design and it is the one that is developed in this stage of the mechanical design.

The designs vary from the use of hammers, steel balls/barrels, shaft with rope, steel or stone
grinding wheels; moved by motor, with rollers, hydraulic pistons; it is possible to consider at the end of
the device to implement a sieve to obtain material of a defined size; it is also possible to consider two
processes: crushing and pulverization and make a design that includes both processes or two designs to
carry out each process separately.

Analysis and optimization

At this stage, the performance of the sketches presented is analyzed, making a comparison between the
sketches made. It is considered that the proposed conceptual designs comply with the main purpose,
which is to pulverize glass; however, an analysis of these designs was carried out to determine the
feasibility of carrying out their manufacture, considering the elements that compose them, the way in
which the crushing/pulverization of the glass is planned, additional components and equipment to carry
out this task, as well as possible materials with which the prototype can be manufactured. The following
table summarizes the above mentioned.

Table 1
Summary of conceptual designs and their components

No. Elements Method Components/equipment | Material Size
Prototype

1 Steel vessel | Crushing (steel shot) Two phase motor Solera | Regular*

2 Rectangular | Crushing/pulverizing 2 Engines Solera, | Robust*
casing (hammer) steel

3 Rectangular | Crushing (hammer) Hydraulic pistons, oil Steel Robust
casing reservoir

4 Steel casing | Pulverization (stone Motor, shaft with fins Steel Regular

grinding wheels)
5 Steel vessel | Crushing/pulverizing Motor Steel Regular
and casing (steel shot)

6 Rectangular | Crushing (shaft with Motor, shaft with Steel, Regular
casing hammers) hammer solera

7 Cylindrical | Crushing/pulverizing Motor, shaft with Steel, Robust
casing (hammer shaft) hammer solera /regular

* Maximum 1 m®, * Greater than 1 m®

The size consideration is due to the intended construction of the prototype, and robust equipment
would increase the cost and time to manufacture.

During the development of this stage, the most representative prototypes were considered, since,
during the development of the conceptual proposals, there were several that were similar to each other
and were not taken into account, leaving those that could gather the main characteristics of other
proposals.

Evaluation

During this stage, the sketches presented are analyzed and optimized again, returning to the synthesis
stage to define a final conceptual design. From the prototypes presented in Table 1, proposals 1, 5 and 7
were chosen to develop the final prototype. Proposal 1 is presented in Figure 6, it consists of rotating the
component, through the opening deposit the material, inside there will be steel projectiles that will hit
the glass to cause the grinding to be rotating all the equipment; it will be supported horizontally, the
movement will be made using a motor attached to one end of the shaft.
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Figure 6
Conceptual design of proposal 1

Figure 7 shows the proposal 5, it is a cylindrical vessel that will be rotating by the movement of
rollers, in which the vessel will be placed, inside it will have steel or ceramic projectiles, depending on
whether it is required to crush or pulverize. The motor drive is necessary for the movement of the rollers.

Figure 7
Conceptual design of the proposal 5

In the prototype of Figure 8, the proposal 7 is shown, which is a vertical shaft with “paddles”,
which rotates, it is considered that there can be different levels depending on the particle size of the
material, which will be separated according to the sieve placed at the bottom of each level.

Figure 8
Conceptual design of the proposal 7

From Table 1 it can be seen that most of the prototypes require the use of a motor, to perform the
movement of the components/elements of the equipment intended to be manufactured. It is considered
that the manufacture of the vessels, there are two proposed prototypes 1 and 5, requires special work or
modification of the shape of the main container; in the case of the pots and hammers (proposal 2), special
machining is required since they are elements that are not commercially available for a specific
application; in the case of proposal 3 with pistons, the use of oil implies that the material may become
contaminated and require additional treatment to clean it, and the cost of the pistons is high; in prototype
4 with stone grinding wheels, the wear of the stones would contaminate the material obtained and it
would be necessary to clean it after pulverizing, without losing sight of the “screw” that introduces the
material into the stones; in the case of prototypes 6 and 7 of the shaft with blades (horizontal and vertical),
it is necessary to manufacture the shafts and blades that will be welded to the body of the shaft.
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Considering the proposals and in general terms the elements that would be needed, as well as the
manufacture of some of the components, a final proposal was made to be manufactured, taking into
account that it can be made with recycled material or components that do not have a high cost and that
are easy and quick to acquire.

Presentation

Communicating the results to others is the final and vital presentation step of the design process. The
engineer, when presenting a new solution, is trying to sell or prove that the solution he is proposing is
the best one (Budynas & Nisbett, 2008). Under this precept, the final prototype was presented for
approval and subsequent manufacturing.

According to the different conceptual designs that were being made and considering the feasibility
in terms of resources to carry out the machining, purchase of mechanical and electrical elements and the
necessary material for the construction of the prototype, the following is the design that is considered
viable for its manufacture. This prototype consists of a tube in which steel projectiles will be introduced,
which at the time of spinning will hit the material (glass) to pulverize it, the movement of the rotation
will be done through a motor, the device will be placed horizontally and will be fed through the lid at
one end of the tube.

Figure 9
Final conceptual design

Results

Design thinking has become an accepted term in the innovation management discourse as an approach
to creativity and innovation based on designers’ practices. The design qualities are the psychological
theories on creativity and human values, explaining why and how people create new value, meaning, and
solutions. These design qualities clarify the construct design thinking and represent a comprehensive
innovation management approach to enable design-driven innovation (Auernhammer & Roth, 2021).

Although there are different equipment and machines capable of crushing or pulverizing glass, it
is important to highlight that the development of our own prototype allows the definition of requirements
for obtaining the raw material, which is intended to be generated from the evacuated tubes waste. It is
possible to improve or condition specific characteristics of the conceptual design, define the form of
control, establish operating, installation and manufacturing conditions. Another aspect is the creation of
ideas and along with it the incursion into the design of equipment that is capable of satisfying the needs
of those for whom it is intended. The joint work of the participants contributed to the selection and
development of the final conceptual design, since the different perspectives provide support to have a
team that meets the specifications without neglecting the economic and personal safety aspects.

The final conceptual design represents the opportunity to help in the reduction of glass waste
obtained from the failed evacuated tubes. With the pulverized glass, the second stage of the research
project will begin, since we will have the raw material to investigate the recycling applications of this
type of material.

It is known that techniques for recycling and reuse exist and are available, but the upscaling of
these are met with legislative, economic and social barriers in all countries (Ministers, 2023).
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Conclusions

A conceptual design was obtained from the review of existing mechanisms and equipment, allowing to
generate an idea of easy manufacture and operation, it is considered of low cost because it does not
require special materials for its manufacture and that are known to be found in the domestic market. As
the prototype is used for glass pulverization, it can be improved in terms of particle size, run time and
amount of material obtained.

Also, there was the opportunity to develop design thinking, following the phases of mechanical
design theory, with a view to the improvement and innovation of equipment necessary for the
development of the present research project. In addition, the collaboration and follow-up of the
participants during the development of the conceptual design allowed the definition of the final prototype.
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