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Abstract 

 

Low-carbon steels are generally used for the manufacture of rolls. Such laminations are widely used in the manufacture of 

industrial products by means of the so-called formed, welded, or both methods. As for the composition of this type of steel, it 

varies in a narrow range. However, small differences in their content can affect the rolling and forming characteristics. Some 

compositions contain less than 0.3% of other alloying elements. About 80% of the tonnage of rolling, ribbons and rolled plates 

is within the following composition ranges: % of C: 0.03 to 0.12, % of Mn: 0.2 to 1.0, % of Si: 0.02 to 0.15, % of P: 0.04 

Maximum, % of S: 0.05 Maximum. Sample preparation plays an important role in obtaining reliable results. This work aims 

to present the metallographic technique of steels with low carbon content, for this purpose the attacking reagents for this type 

of steels are listed, as well as some microstructures that exemplify the resolution by the attacker used. This study lays the 

foundations for subsequent ones. 

 

 
 

Low Carbon Steel, Metallography, Microstructure, Non-Metallic Inclusions 

 

Resumen 

 

Los aceros con bajo contenido en carbono se usan generalmente para la fabricación de laminaciones que se utilizan en 

productos industriales por medio del método llamado formado, por soldadura o por ambos métodos. La composición de este 

tipo de aceros varia en un rango estrecho, sin embargo, pequeñas diferencias en su contenido pueden afectar las características 

del rolado y el formado. Algunas composiciones contienen menos de 0.3% de otros elementos de aleación, alrededor del 80% 

del tonelaje de laminación, cintas y placas roladas está dentro de los siguientes intervalos de composición: % de C: 0.03 a 

0.12, % de Mn: 0.2 a 1.0, % de Si: 0.02 a 0.15, % de P: 0.04, % de S: 0.05 máximo.  La preparación de la muestra juega un 

papel importante para obtener resultados confiables, este trabajo tiene como objetivo dar a conocer el método metalográfico 

de aceros con bajo contenido en carbono, para ello se listan los reactivos atacantes para este tipo de aceros, así como algunas 

microestructuras que ejemplifican la resolución por parte del atacante utilizado. Este estudio sienta las bases de otros 

posteriores. 

 

 
 

Acero bajo carbono, Metalografía, Microestructura, Inclusiones no metálicas 
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1. Introduction 

 

The word Steel comes from the Latin aciarius, and this in turn from the word acies, which refers to the 

edge of a bladed weapon In ancient times, steel was mostly used in the manufacture of sharp weapons, 

as well as in cutting tools The origins of steel are largely unknown to us, however, some knife parts have 

been found in Kaman-Kalehöyük, Anatolia, modern-day Turkey, more than 4,000 years old. Tal es el 

caso de las falcatas que se producían en la Iberia pre-romana y eran codiciadas por romanos y cartagineses 

por igual, o también, las famosas dagas de Damasco o las katanas japonesas.   

 

Once Iron Age men discovered the qualities of this material, they began to develop new 

techniques such as tempering, a method that consisted of quickly cooling the iron with water or oil to 

increase its hardness. 

 

During ancient times, various processes were generated to produce steel in the different 

steelmaking centers that apparently developed independently. These pre-industrial or artisanal steel 

processes can be classified into two groups. On the one hand, there are those that were carried out inside 

a low oven, and others that were processed in crucibles. This chapter presents the technique for the 

preparation of a material for metallographic study, as well as the bases for understanding the 

microstructure of a steel and its grain size, characteristics essential to ensure the quality of the material 

for a specific application. This chapter is organized into 5 sections as follows: 

 

1. Introduction 

2. Background 

3. Metallographic technique 

4. Micrographs of low carbon steel 

5. References 

 

2. Background 

 

The general process for the production of any steel is the conversion of iron oxide to iron. Iron cannot be 

found pure in nature because with the presence of oxygen in the atmosphere it oxidizes, and therefore, 

methods for extracting pure iron have their origin in the elimination of oxygen in the iron oxide. The 

basic method to achieve this consists of heating iron oxide in the presence of carbon, which when 

combined with oxygen provides carbon dioxide and gives the iron a certain purity, although with high 

concentrations of carbon. 

 

A low furnace is capable of transforming iron ore extracted from nature into metal suitable for 

forging weapons and other objects. These reduction furnaces were arranged in the open air and were 

characterized because human power was directly involved in their various production processes. The 

ovens used were small in size and generally semi-excavated into the ground. They reached approximately 

one meter in height and their internal diameter was between approximately 40 and 70 centimeters. They 

were built with sandstone and clay and may or may not have a hole or bottom hole for the exit of slag. 

These ovens appeared at the beginning of the Iron Age, although iron tools from earlier times have been 

found. Its high concentration of nickel indicates that it is iron from asteroids or meteorites 

 

Crucible steel is a type of steel made using different techniques characterized by the slow heating 

and cooling process of pure iron in a crucible, always in the presence of carbon. The crucible is the 

container in which the metal is generally melted at temperatures greater than 500°C. The crucibles are 

found inside the ovens and are often made with graphite and clay to achieve the union between both 

materials.  

 

Traditionally, a certain amount of mineral carbon, or vegetable carbon, was added to the crucible 

during the procedure. The first form of acrisolated steel was wootz made in India sometime around 300 

BC. During its production, iron was mixed with glass or hematite and heated slowly, then allowed to 

cool.  
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As a result of the already cooled alloy, the glass bonded with the impurities in the steel and these 

came to the surface of the alloy, causing it to be purified. Carbon penetrates the iron by diffusion of 

carbon atoms through the porous walls of the steel grains. Carbon dioxide does not react with iron, but 

mixes with it in small amounts providing a form of concentration control. Wootz steel has high carbon 

content and is recognized for its grain pattern that results from this cooling and consolidation process. 

 

From this process, in southern India and later in Sri Lanka, it was possible to produce one ton of 

steel for every two tons of ferrous material, which was very efficient at that time. Thus, the Indian 

subcontinent quickly became an export center for steel recognized for its hardness and tenacity. 

 

The Wootz method was also later exported to the Middle East where it was combined with other 

techniques to produce Damascus steel, famous until the mid-18th century. According to legends of the 

time, Damascus swords were recognized by their undulating patterns on the surface and their sharpness. 

At the moment, the characteristics of this notable one have not been reproduced. 

 

For centuries the true nature of Damascus steel or wootz steel is a topic that has intrigued 

researchers in Asia and Europe and there is even evidence of extensive discussion on the topic with 

studies carried out by several early Islamic scientists. 

 

By the 12th century, new technologies began to emerge, such as the blast furnaces already known 

in Asia. One of the earliest examples can be found in Lapphyttan, Sweden, where advanced production 

techniques and rich deposits of iron material have made the country one of the most important suppliers 

of high-quality steel on the continent. The study of Wootz steel and Damascus steel in the 18th and 19th 

centuries was an important element in the industrial development of steel in the United Kingdom, France 

and Russia. 

 

Generally speaking, carbon steel is characterized by its composition of iron mixed with carbon, 

which gives it its name. Although the main component is carbon, it can also be alloyed with other 

elements such as manganese and silicon. 

 

The proportion of carbon and the heat treatment of the steel are the determining factors of its 

properties. Additionally, it is known as malleable steel, which means that it is a flexible material that can 

take on various shapes. 

 

Low carbon steel is characterized by its hardening through the carburizing process. Common 

grades of low carbon steels include 1018 or AISI 1020, as well as ASTM A-36. 

 

Low carbon steels contain amounts of less than 0.30% carbon by weight (Table 1). When the 

carbon content is in the range of 0.30% to 0.60%, the steel is classified as medium carbon steel 

Above 0.60% carbon, steels are considered high carbon, and those above 0.77% carbon are called tool 

steels. 

 

Steels classified as ñlow carbonò do not undergo hardening during the quenching process, but 

their mechanical properties do improve. 

 

Therefore, this type of carbon steel is considered to have higher toughness, but relatively low 

strength, making it a soft and ductile material. This type of steel has the ability to be molded into wires 

and threads without breaking, which allows it to be worked with due to its deformability, cutting capacity, 

machinability and weldability. 

 

When alloyed with other metals, low carbon steel can increase its strength. In addition, it features 

ease of machining, good weldability allowing a variety of welding methods to be used, and is economical 

in terms of costs. 
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Box 1  
 

Table 1 

Chemical composition of steels with low carbon content according to the Standard SAE (Standard 

Automotive Engineers) 

 
Number SAE % C % Mn  % P Maximum % S Maximum 

1005 0.06 máx. 0.35 máx 0.04 0.05 

1006 0.08 máx 0.25-0.40 0.04 0.05 

1008 0.10 máx 0.30-0.50 0.04 0.05 

1010 0.08-0.013 0.30-0.60 0.04 0.05 

1011 0.08-0.13 0.60-0.90 0.04 0.05 

1012 0.10-0.15 0.30-0.60 0.04 0.05 

1013 0.11-0.16 0.50-0.80 0.04 0.05 

1015 0.13-0.18 0.30-0.60 0.04 0.05 

1016 0.13-0.18 0.60-0.90 0.04 0.05 

1017 0.15-0.20 0.30-0.60 0.04 0.05 

1018 0.15-0.20 0.60-0.90 0.04 0.05 

1019 0.15-0.20 0.70-1.00 0.04 0.05 

1020 0.18-0.23 0.30-0.60 0.04 0.05 

1021 0.18-0.23 0.60-0.90 0.04 0.05 

1022 0.18-0.23 0.70-1.00 0.04 0.05 

1023 0.20-0.25 0.30-0.60 0.04 0.05 

1025 0.22-0.28 0.30-0.60 0.04 0.05 

1026 0.22-0.28 0.60-0.90 0.04 0.05 

1029 0.25-0.31 0.60-0.90 0.04 0.05 

1030 0.28-0.34 0.60-0.90 0.04 0.05 

 

Low-carbon steel can also be formed or rolled to a thin thickness for use in automotive 

applications, such as vehicle bodies The carbon is removed from the steel bath by vacuum degassing 

This low-carbon steel group stands out for its strength and hardness, which reduces its deformability In 

addition, it is commonly known as case-hardening steel This type of steel is hardened by two main 

processes: cementing and carburitriding Below, we analyze them in detail: 

 

Cementing is a thermochemical process in which the diffusion of carbon from the surface of the 

component occurs, followed by rapid cooling called quenching In the right environment, this process 

results in a hardened surface while the core of the material retains its toughness. 

 

Cementation involves the formation of a surface layer with a high concentration of carbon, 

keeping the percentage of carbon in the core unchanged. The tempering response of this type of steel 

depends on the carbon and manganese content, with steels with a higher content of these elements 

responding best in the core Steels with a higher percentage of manganese harden in both the core and the 

layer. 

 

In addition, they are suitable for welding and grilling processes Importantly, the machinability of 

these steels is improved by forging or normalizing and decreased by annealing. Low-carbon steels, also 

known as 1018 low-carbon steel, find applications in a variety of industries, including the automotive 

industry, pipe manufacturing. 

 

The construction of structural elements for buildings and bridges, reinforcing bar and ship armour 

Its most prominent applications include the manufacture of girders, car bodies, and railway tracks.  

 

Low-carbon steel, due to its characteristics, is suitable for high plastic deformation processes, 

such as riveting, forging, and extrusion In addition, it is used in the manufacture of pegs, blades, rivets, 

pinions, pegs, screws, and other miscellaneous components. 
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3. Metalographie 

 

Metallography is the discipline that microscopically studies the structural characteristics of a metal or 

alloy to relate them to their physical and mechanical properties, the characterisation will depend on what 

the client asks us, according to the established standard, within this grain size, shape and distribution can 

be determined of the phases of the alloy, non-metallic inclusions such as blowing, micro contraction 

cavities, slags, as well as the presence of segregations and other types of heterogeneities, which directly 

influence the mechanical properties and the general behaviour of a metal.  

 

The microstructure will reveal the mechanical and thermal treatment of the material, as well as 

the behaviour of the material under a set of applications, being able to give a specific application to the 

material under study It is worth mentioning that the preparation of the sample is of vital importance to 

obtain reliable results, hence the care that must be taken at each stage of the preparation of the sample 

for study.  

 

Metallographic analysis is important in the inspection receipt that must be carried out before 

giving a specific use to the material to verify if it complies with the specifications established in the 

standard It is also useful for performing failure analysis on finished product, to determine the cause of 

failure 

 

Sample preparation 

 

The Norm ASTM E3 - 2011 is a guide for the preparation of specimens for metallographic analysis This 

Standard specifies the conditions and requirements for a metallographic analysis The steps to follow in 

the preparation of samples for metallographic analysis are listed below: 

 

3.1 Court   

 

Cutting should be made when the part has very large dimensions or complicated shapes that make it 

difficult to prepare subsequent steps At this stage, care should be taken to make the cut using a cutter 

with cutting fluid to avoid heating the part or material, which could modify the microstructure (Figure 

1). 

 

Box 1 

 

 
 

Figure 1 

Cutter maschine 
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3.2 Encapsulated  

 

The main purpose of assembling the samples for metallographic study is to facilitate their handling and 

to be able to mirror polish them, especially in the case where the specimens are very small Another 

additional benefit of assembly is the ease of being able to identify, by name, alloy number or laboratory 

code for the storage of the samples, writing on the surface of the specimen without damaging the sample 

to be analyzed  Mounting can be done hot by compression: the sample and the selected resin (bakelite, 

dialyl-phthalate resins, lucicite, and acrylic resins) are placed in the moulding cylinder, gradually 

increasing temperature is applied, up to 150°C, and a moulding pressure of 3800 psi is exerted.  

 

Once the Bakelite is adhered and cured to the specimen, it is removed from the moulding cylinder 

Bakelite and phthalate are thermosetting materials that can be ejected from the mould at the highest 

moulding temperature, so it is not necessary to allow the specimen to cool before removing it Acrylic 

resins are thermoplastics, which remain molten at the maximum moulding temperature, so it is necessary 

to cool under pressure before the specimen is ejected from the mould (Figure 2).   

 

Box 2 

 

 
 

Figure 2 

Capsule filler for pressure and temperature potting 

.  

3.3 Cold monting materials  

 

These materials are classified as polyesters, epoxies and acrylics, which need a hardener (catalyst) In this 

case, the preparation of the mixture is done according to the proportion established by the manufacturer 

Once the mixture is prepared, it is poured into the mould to cover the sample to be encapsulated The 

mould can be of any size according to the sample to be analysed One can make one's own moulds with 

aluminium slats around wooden blocks of the desired size, as the aluminium sheet can be easily detached 

or can also be prepared with silicone rubber This will depend on the creativity that is had for the 

preparation of the assembly of the sample, according to the need Figure 3. 
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Box 3 

 

 
 

Figure 3 

Cold Encapsulated with Commercial Resins and Catalyst 

 

3.4 Roughing 

 

Roughing is one of the most important operations in the preparation of the sample, since during roughing 

the irregularities of the surface of the sample caused by the cut must be eliminated, which although it is 

done carefully, the roughness of the surface is great This can be reduced by prolonged roughing to 

homogenise the surface Roughing is completed by polishing the surface by means of a series of sequential 

operations using abrasive sandpaper, which are classified as follows: 

 

Harsh abrasives. They are those whose grain size (No. Of abrasive particles contained in one inch) is 

40 to 150. 

 

Fine abrasives: These are those whose grain size is from 180 to 600. 

 

3.5 Final polishing 

 

This operation is the final step to obtain a flat surface free of streaks and with the appearance of a mirror 

(necessary conditions for the subsequent qualitative or quantitative metallographic interpretation). 

 

Note. In the polishing stage, care must be taken not to introduce foreign elements into the material 

such as polluting metals, nor to cause holes, comet tails or stains, as this interferes with the interpretation 

of the metallographic structure. 

 

Mechanical polishing This term is often used to describe the wide variety of final polishing procedures, 

including the use of cloth-covered discs, and suitable polishing abrasives (alumina (Al2O3), diamond 

paste, magnesia (MgCO3, MgO))  

 

The discs have a rotational and vibration movement and the specimens are held manually or with 

automatic devices (polishers), which allow more than one specimen to be polished at the same time 

Figure 4. 
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Box 4 

 

 
 

 

Figure 4 

Manual disc polisher 

 

3.5 Recomendations.  

 

   3.5.1. Polishing should be done in a dust-free area, separate from the sectioning, mounting and grinding 

area, as any contamination of the polishing cloth with any abrasive particles carried by a previous 

operation or dust, dirt, or other material will cause erroneous results in the interpretation of the results.  

 

Movement of the specimen during polishing The specimen or specimen must be held with one or 

both hands, depending on the operator's preference, and rotated in the opposite direction to the rotation 

of the polishing machine disc The specimen should be continuously moved back and forth between the 

centre and corner of the disc, thus ensuring the distribution of the abrasive and the uniform wear of the 

polishing cloth Some metallurgists use a small rotation, while moving the specimen from the centre to 

the corner of one side of the disc. The main reason for the rotation of the specimen is to avoid the 

formation of kite tails, polishing defect (Figure 5). 

 

Box 5 

 

 
 

Figure 5 

Kite tails due to incorrect polishing 
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3.6 Observation of the polished surface without attack prior to chemical attack 

 

It is recommended to observe the surface of the sample under the microscope to determine if the metal 

has non-metallic inclusions of oxides, sulphides, or sulphur in the case of resulphurised steels It is also 

used to determine if the sample has irregularities such as porosity or fissures (Figures 6, 7, 8, 9 and Figure 

10). 

 

Box 6 

 

 
 

 

Figure 6 

Oxides 

 

Box 7 

 

 
 

Figure 7 

Sulfurs 
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Box 8 

 

 
 

Figure 8 

Sulfurs 

 

Box 9 

 

 
 

Figure 9 

Silicates  
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Box 10 

 

 
 

Figure 10 

Fissures 

 

Box 11 

 

 
 

Figure 11 

Porosity 

 

3.7 Attack 

 

Metallographic attack comprises all procedures used to reveal particular structural features of a given 

metal, which cannot be observed without the attack of the metal surface by a chemical solution it is worth 

mentioning that in some non-ferrous alloys, the grain size can be observed adequately only with the well-

polished surface without attack, using polarised light, whilst in carbon steels the attack is necessary to 

reveal the microstructure In the ASTM E407-2015 Standard Practice for Microetching Metals and Alloys 

this Standard indicates the conditions and considerations to be taken into account in count to carry out 

the chemical attack of the work material, specifying the time of application of the reagent.  
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The attacker is used for phase identification, for pore attack, and for targeting studies The 

principle of multiphase attack in alloys is based on attack preference (different proportions of solution of 

the phases in the attack), or preferential spots of one or more phases, to differentiate discrepancies in 

chemical composition or orientation However, in pure metals or single-phase alloys, preferential attack 

is mainly the result of differences in grain orientation. 

 

Prior to attack, any specimens under study should be inspected to verify that polishing has been 

correct and thus avoid the presence of streaks, pores, polishing reliefs, comet tails, and non-metallic 

inclusions caused by polishing. 

 

The chemical attack is carried out by immersion of the specimen in the attacking solution taking 

a time of a few seconds to reveal the structure under study. 

 

The attack is carried out in Petri dishes or other suitable containers provided with loose covers to 

prevent excessive evaporation of the solvent, especially in those solutions containing alcohol. 

 

Glass containers can be used for all attackers, except for solutions containing hydrofluoric acid 

(HF), because hydrofluoric acid attacks glass For this type of solution, the container must be made of 

polyethylene or another HF-resistant material With the aid of tweezers or some other means of handling; 

The surface of the specimen is submerged into the attacker with some agitation to ensure that the attacker 

is in contact with the surface of the specimen under study During the attack, most metals lose their 

brilliance, indicating that the attack has been carried out. 

 

In practice, it can be successful by observing the degree of darkness of the surface to end the 

attack. 

 

The attack can also be carried out with a cotton ball saturated with the attacking solution by 

passing it over the polished surface Once the attack is finished, the specimen is washed with running 

water and then with alcohol, dried with a stream of hot air (like that of a manual hair dryer). 

 

3.7.1 Attack for Macrostructure (Macroattack ) 

 

The macroscopic examination differs from the microscopic examination in that it uses very small 

magnifications (8X, 10x, 40x), and is used to investigate defects and macrostructure over a larger area 

The macro-attack technique is used to reveal solidification structures, flow lines, segregations, structure 

changes due to welds, overall distributions, size of inclusions, porosity, ingot defects, and manufacturing 

defects It is important that the researcher is aware that the macro-attack can exaggerate the size of 

differences and defects, which can lead to misinterpretations of the real condition of the material, 

therefore special care must be taken in the control of the attack time, for this the Standard applicable to 

each case study must be consulted. 

 

3.7.2 Micro -attack For the microscopic study  

 

Small areas are observed because higher magnifications are used in the observation (100X, 500X, 1000X) 

When the specimen under study has been properly prepared, microscopic examination will clearly reveal 

structural characteristics such as: grain size, segregations, grain shape and size, phase distribution, and 

any non-metallic inclusions that may be present The microstructure also serves to reveal the type of heat 

treatment the alloy has received Proper attack is of vital importance as well as the sectioning, assembly, 

roughing and polishing steps for the achievement of reliable results.  

If additional contrast is desired for microphotography, it must be obtained by means of 

photographic techniques or (in some metalloscopes sets of lenses are integrated, which give the 

appropriate contrast) as in the case of scanning electron microscopy. The examination with low 

magnification generally requires a greater attack than that which is needed for an examination at higher 

magnifications. 

 

After the attack, the surface of the sample under study should not be touched by anything. It must 

be examined or photographed immediately, to prevent it from rusting or contamination with the 

surrounding environment. 
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Identification of metallographic attack chemicals. Identification is made according to the 

following procedure:  

 

The term attacker is used in a general way to include all those reagents used in metallographic 

work for macro-attack and micro-attack. 

 

The composition expression of most attackers is given in terms of the amounts of solid substances 

in grams and the amounts of liquid substances (or the total volume of the solution), in milliliters. When 

preparing large quantities for some macro-attacks, they can be used in place of grams and millilitres 

(kilograms and litres) The composition of some attackers is described in terms of percentage by weight, 

some others are given in parts by volume or percentage by volume When using water, it is preferable to 

use distilled water The reagents used in microattack must be chemically pure or reactive grade For macro-

attack, the technical grades of the chemical substances are satisfactory In these cases, drinking water is 

acceptable To identify substances, the name or formula followed by their concentration is used Table 1. 

 

The weight percentage of the active constituent is placed after the name or formula The 

concentration of the technical grade is sometimes expressed in terms of its specific mass or in Baumé 

degrees The most commonly used alcohols are methanol (CH3-OH), and ethanol (CH3-CH2-OH), which 

are described in Table 3. 

 

For attackers who contain a very small percentage of water, it is important to use alcohol with the 

specified water content (either anhydrous or 95%) On the other hand, in those cases where the attacker 

is a diluted aqueous solution, they can be used interchangeably Metallographic practice considers the 

substitution of methanol by ethanol as alternative materials However, caution should be exercised in 

substituting one formulation for another when its equivalence is not indicated For example, ethanol or 

heavier alcohols should not be substituted for methanol in Nital containing more than 5% concentrated 

nitric acid by volume, or in other strong oxidants. 

 

3.7.3 Safety precautions 

 

All chemicals are potentially harmful, so the person in charge of preparing formulations for attack must 

be familiar with the handling of reagents, as well as know the established and appropriate procedures for 

their use. All mixing, handling, and use of attackers should be done in a well-ventilated area under an 

exhaust hood, to prevent exposure to and inhalation of toxic and corrosive fumes The use of an extractor 

is mandatory, especially when macro-attacks are carried out. Table 2 shows the characteristics of aqueous 

liquid substances used in the metallographic attack. 

 

Box 12    

 

Table 2 

Characteristics of liquid substances for metallographic attack 
 

Name Fórmula Purity (% in weight)  Specific Mass 

Acetic acid HC2H3O2 99.5% 1.05 (7° Baumé) 

Fluoroboric acid HBF4 48% 1.32 (35° Baumé) 

Hydrochloric acid HCl 37% 1.18 (22° Baumé) 

Lactic acid HC3H5O3 85% 1.20 (24° Baumé) 

Nitric acid HNO3 70% 1.42 (43° Baumé) 

Perchloric acid HClO4 70% 1.67 (58° Baumé) 

Phosphoric acid H3PO4 85% 1.70 (60° Baumé) 

Sulphuric acid H2SO4 96% (d) 1.84 (66° Baumé 

(d) (Technical grade) 
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Box 13   

 

Table 3 

Characteristics of pure methanol and ethanol 
 

Name Formula % In Volume 

Metanol CH3OH 99.5 (b) 

Metanol 95% CH3OH al 95% 95 (c) 

Etanol anhidro CH2H5OH 99.5 

Etanol 95% CH2H5OH 95 (c) 

(b) Synthetic methanol, commercial grade is high purity and can be used satisfactorily in all ordinary metallographic 

attacks). 

(c) 95% ethanol should be diluted with 5 ml of water Anhydrous ethanol, called absolute, contains less than 01 to 02% 

water. 

 

Table 4 shows the attack solutions for microscopic examination of carbon alloy steels. 

 

Box 14  

 

Table 4 

Attackers for microscopic examination of carbon alloy steels  
 

Attacker Solution Observations 

Nital 2 (2 ml of HNO3 in 98 ml of ethanol or methyl 

alcohol). 

It serves to reveal grain boundaries in ferrite of low-carbon steels, produces 

maximum contrast between pearlite and a cementite or ferrite network, 

reveals grain boundaries in steels with 4% silicon, reveals grain boundaries 

in structures consisting of martensite and ferrite, attacks chromium in alloys 

of low-chromium steels resistant to the action of picric acid. 

Picral (Saturated solution of picric acid, in 95% 

ethanol, or 95% methanol) 

It reveals maximum details in the untempered pearlite, and tempered 

martensite, bainite; reveals carbide particles not dissolved in martensite; it 

differentiates ferrite, martensite and massive carbides by colouration; it 

differentiates bainite and fine perlite; Reveals carbide particles at grain 

limits of low-carbon steels and wrought iron. 

Mixture 1:1 de Nital y picral (50 ml of Nital 1 at 

2%, 50 ml of Picral at 4%). 

Attacks some steel alloys similar to 4140 

Villela's Reagent (5 ml of HCl, 1g of picric acid, 

100 ml of ethanol at 95%).  

For contrasting attack, it reveals austenite grain contours prior to tempered 

and untempered martensite, and in Austempering tempered steels; Reveals 

Perlite Colonies, a)  

Mixture of HCl and picric acid in 1:1 ethanol (5 ml 

of concentrated HCl, 2 to 3 grams of picric acid in 

100 ml of 95% ethanol) 

Reveals Perlite Colonies, b) 

Tartaric acid solution in water (10 ml of tartaric 

acid in 100 ml of water) 

To evaluate non-metallic inclusions, c) 

Potassium dichromate solution with acetic acid in 

distilled water (30g of K2Cr2O7 in 225 ml of hot 

distilled water, add 30 ml of glacial acetic acid) 

It reveals lead inclusions causing them to appear yellow or gold when the 

specimen is examined under polarised light, d) 

Chromic acid and sodium hydroxide solution in 

distilled water: 16g of CrO3 in 145ml of distilled 

water, add 80g of NaOH, e) 

Reveals intergranular oxidation, used for alloys with medium carbon 

content containing nickel, f) 

Superpicral: picral with a few drops of HF or 

zephiran chloride (benzalkonium chloride) per 25 

ml of solution. 

General structure, good carbide resolution, frequently preferred for heat-

treated structures. 

Potassium metabisulphite solution in water: 10g of 

metabisulphite in 100 ml of water. 

For resolution of hard structures, its use must be preceded by a nitric or 

picric attack. 

Howart's reagent: 10 mL H2SO4, 10 mL HNO3, and 

80 mL water. 

Produces good contrast in structures such as those of martensitic temper. 

Solution of potassium cyanide, 

diphenylthiocarbazone, chloroform and water (1g 

of KCN in 100 ml of water, mixed with 0.25g of 

diphenylthiocarbazone in 10 ml of chloroform). 

Reveals lead inclusions by red colouration, is most visible when specimens 

are observed under polarised light. 

a) The specimen should be tempered for 20 to 30 minutes at 316°C 

b) Immerse the specimen for 5 to 10 seconds in the solution at room temperature 

c) Immerse the specimen for 5 minutes, rinse in hot water, lightly polish with alumina to remove the coat, rinse in hot water, and 

dry 

d) Squeeze for 10 to 20 seconds in the solution at room temperature, rinse in hot water and dry 

e) Sodium hydroxide should be added slowly, with constant stirring to avoid splashing 

f) Immerse the specimen in the boiling solution for 10 to 30 seconds, rinse in hot water, dry in air blast 

g) First attack the specimen with a pickaxe, rinse and dry, then moisten with the attack solution 
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It is important mentioning that the Nital is the most widely used attacker for micro-attacks 

Although the Nital and the Picral are similar in attacking action, they differ in several important ways To 

reveal some structures there is little difference in the attack action. 

 

Metallographic analysis is a very useful tool in materials engineering, since it allows determining 

the structural characteristics, grain size, shape of the crystal lattice, phase distribution, components, non-

metallic inclusions, which intervene in an important way in the properties of materials, hence the 

importance of metallography which allows predicting the behaviour of materials for a specific use and 

in service conditions Metallography is used for the selection of materials and for the quality assurance of 

manufacturing processes. 

 

3.7.4 Grain size determination according to ASTM E 112 

 

Procedure: 

 

1. Prepare the sample according to the steps established in the sample preparation (mirror polishing) 

2. Attack the surface of the sample with Nital 2 (mixture of HNO3 and ethyl alcohol), for 3 to 5 

seconds 

3. Clean the surface with alcohol 

4. Dry the surface with a cloth or air 

5. Place the sample to be analysed on the microscope sample base 

6. Place 100x magnification on the microscope 

7. Observe the sample and compare the microstructure with the ASTM E112 Standard 

8. Write down the grain size determined in comparison with the standard of Standard ASTME112 

Figure 11. 

 

Box 15 

 

 
 

Figure 11 

ASTM E112. Standard to determine Grain size 
Own Elaboration 
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Box 16 

 

 
 

Figure 12 

Steel 1010 to 100x. Grain size ASTM No.2 
Own Elaboration 

 

Box 17 

 

 
 

Figure 13 

Steel 1015 to 100X. Grain size ASTM No. 2. 
Own Elaboration 
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Box 18 

 

 
 

Figure 14 

Steel 1018 to 100X. Grain size No. 1. Microstructure of 

ferrite and pearlite zones  

Own Elaboration 
 

Applications 

 

Among the low-carbon steels is SAE 1010 steel, which in the metalworking industry demonstrates its 

versatility in crucial applications such as the manufacture of bolts, bushings and structures. Its unique 

ability to be formed and stamped makes it an ideal choice for the efficient and precise production of 

essential components in mechanical engineering and even in the creation of panels with complex shapes, 

mainly thanks to its durability and strength. 

 

Construction: in the construction industry, this type of steel is used in the manufacture of profiles, 

beams and other structural elements, taking advantage of its versatility and ease of forming. 

 

Appliances: Appliance manufacturers appreciate SAE 1010 steel for its ability to be stamped and 

formed, being used in the manufacture of internal and external parts of appliances. 

 

Electrical industry: Due to its magnetic properties and malleability, this material is used in the 

manufacture of electrical components, such as transformer cores and motor components 

 

Containers and containers: Its formability makes it a popular choice for manufacturing cans and 

containers used in the food and beverage industry. 

 

Benefits of Using 1010 Steel: 

 

Formability : This steel's ability to be formed and stamped makes it easy to use in applications that 

require complex shapes, providing manufacturers with flexibility in design 

 

Cost: Being a low-carbon material, it is more affordable compared to higher-strength steel alloys, making 

it an economical choice for various applications 

 

Weldability : Its low carbon content contributes to good weldability, allowing for efficient joining of 

parts during manufacturing processes 
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Improved coatings: The surface of SAE 1010 steel lends itself well to treatments, such as galvanizing, 

improving its corrosion resistance and extending its service life 

 

4. Common microstructures of cold-rolled low-carbon steels attacked with Nital 4: 

 

In Figures 14 to Figure 31, the 1008 steel can be seen in different manufacturing processing conditions. 
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Figure 15 

Steel 1008 Cold rolled, 10% of reduction. 250X 
Metals Handbook 

 

Box 20 

 

 
 

Figure 16 

Stel 1008 Cold rolled, 10% of reduction. 1000X 
Metals Handbook 
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Box 21 

 

 
 

Figure 17 

Steel 1008 Cold rolled. 20% of reduction. 250X 
Metals Handbook 

 

Box 22 

 

 
 

Figure 18 

Steel 1008 Cold rolled. 20% of reduction. 1000X 
Metals Handbook 
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Box 23 

 

 
 

Figure 19 

Steel 1008 Cold rolled. 30% of reduction. 250X 
Metals Handbook 

 

Box 24 

 

 
 

Figure 20 

Steel 1008 Cold rolled. 30% of reduction. 1000X 
Metals Handbook 
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Box 25 

 

 
 

Figure 21 

Steel 1008 Cold rolled. 40% of reduction. 250X 
Metals Handbook 

 

Box 26 

 

 
 

Figure 22 

Steel 1008 Cold rolled. 40% of reduction. 1000X. 
Metals Handbook 
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Box 27 

 

 
 

Figure 23 

Steel 1008 Cold rolled. 50% of reduction. 250X 
Metals Handbook 

 

Box 28 

 

 
 

Figure 24 

Steel 1008 Cold rolled. 50% of reduction. 1000X 
Metals Handbook 
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Box 29 

 

 
 

Figure 25 

Steel 1008 Cold rolled. 60% of reduction. 250X 
Metals Handbook 

 

Box 30 

 

 
 

Figure 26 

Steel 1008 Cold rolled. 60% of reduction. 1000X 
Metals Handbook 
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Box 31 

 

 
 

Figure 27 

Steel 1008 Cold rolled. 70% of reduction. 250X 
Metals Handbook 

 

Box 32 

 

 
 

Figure 28 

Steel 1008 Cold rolled. 70% of reduction. 1000X 
Metals Handbook 
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Box 33 

 

 
 

Figure 29 

Steel 1008 Cold rolled. 80% of reduction. 250X 
Metals Handbook 

 

Box 34 

 

 
 

Figure 30 

Steel 1008 Cold rolled. 80% of reduction. 1000X 
Metals Handbook 
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Box 35 

 

 
 

Figure 31 

Steel 1008 Cold rolled. 90% of reduction. 250X 
Metals Handbook 

 

Box 36 

 

 
 

Figure 32 

Steel 1008 Cold rolled. 90% of reduction. 1000X 
Metals Handbook 
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5. Conclusions 

 

Metallographic analysis is a tool in materials engineering, since it allows determining the structural 

characteristics of the material, hence the importance of predicting the behavior of materials for a specific 

use as well as the selection of materials and for quality assurance. manufacturing processes, making it an 

economical option for various applications 
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Abstract 

 

In the context of the global water crisis and the need for sustainable management of natural sources, an 

innovative research project is presented focused on the development of a biofilter for domestic use and 

irrigation of family vegetables. The physical and mechanical properties of the components are analyzed 

to optimize the effectiveness of the biofilter. The biofilter design incorporates natural and recycled 

materials, using biological filtration techniques to remove organic and inorganic contaminants. Specific 

filtration methods are used to reduce the presence of phosphates, bleaches, and other contaminants in 

gray water, promoting its safe reuse in crop irrigation. The scientific validation of biofilters as a viable 

option in sustainable construction contributes significantly to the development of a more conscious and 

responsible environment, marking a milestone in the efficient management of water sources at the local, 

regional, and state level. 

 

ñMbendaò biofilters for home use and irrigation of family vegetables 

Objectives Methodology Contribution 

Design and build and 

implement an efficient and 

economical filtration system for 

domestic use and irrigation of 

family vegetables. The biofilter 

is designed to improve the 

quality of gray water and allow 

its reuse in crop irrigation, thus 

promoting a healthier 

environment for plant growth. 

 

The research, which adopts a 

quasi-experimental scientific 

approach, will be conducted in 

academia, applying research 

principles and analytical methods 

to evaluate the feasibility and 

potential benefits of the biofilter. 

The selected materials will be 

characterized in detail, analyzing 

their physical and mechanical 

properties, and the feasibility of 

integrating these prototypes into 

low-income rural homes will be 

examined, considering durability 

and manageability criteria. 

 

The project seeks not only to 

provide a practical solution for 

gray water reuse, but also to 

promote environmental 

awareness and encourage 

sustainable practices in rural 

communities. Through 

scientific and academic 

analysis, the aim is to validate 

biofilters as a viable and 

efficient option in the field of 

sustainable construction, 

contributing to the 

development of a more 

conscious and responsible 

environment. 

 

 

 
 

Biofilters, family gardens, water crisis, experimentation, social-sustainable 
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Improve water quality. 

 

Reuse water for irrigation or 
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Resumen 

 

En el contexto de la crisis hídrica global y la necesidad de gestión sostenible de recursos naturales, se 

presenta un innovador proyecto de investigación centrado en el desarrollo de un biofiltro para uso 

doméstico y riego de hortalizas familiares. La metodología adopta un enfoque científico 

cuasiexperimental, llevándose a cabo en un entorno académico durante un período de seis meses. El 

proceso de construcción integra materiales disponibles en el mercado y técnicas de filtración accesibles, 

con un énfasis en la caracterización detallada de los materiales seleccionados. Se analizan las propiedades 

físicas y mecánicas de los componentes para optimizar la eficacia del biofiltro. La validación científica 

de los biofiltros como opción viable en construcción sostenible contribuye significativamente al 

desarrollo de un entorno más consciente y responsable, marcando un hito en la gestión eficiente de 

recursos hídricos a nivel local, regional y estatal. 

 

ñMbendaò biofilters for home use and irrigation of family vegetables 

Objectives Methodology Contribution 

Design and build and 

implement an efficient and 

economical filtration system for 

domestic use and irrigation of 

family vegetables. The biofilter 

is designed to improve the 

quality of gray water and allow 

its reuse in crop irrigation, thus 

promoting a healthier 

environment for plant growth. 

 

The research, which adopts a 

quasi-experimental scientific 

approach, will be conducted in 

academia, applying research 

principles and analytical methods 

to evaluate the feasibility and 

potential benefits of the biofilter. 

The selected materials will be 

characterized in detail, analyzing 

their physical and mechanical 

properties, and the feasibility of 

integrating these prototypes into 

low-income rural homes will be 

examined, considering durability 

and manageability criteria. 

 

The project seeks not only to 

provide a practical solution for 

gray water reuse, but also to 

promote environmental 

awareness and encourage 

sustainable practices in rural 

communities. Through 

scientific and academic 

analysis, the aim is to validate 

biofilters as a viable and 

efficient option in the field of 

sustainable construction, 

contributing to the 

development of a more 

conscious and responsible 

environment. 
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1. Introduction 

 

In a global context marked by significant environmental challenges and a water crisis (see Figure 1), the 

conscious and sustainable use of all our natural sources has become crucial. Efficient management of 

water and nutrients is essential for maintaining soil health and robust plant growth. However, water used 

for irrigation often contains contaminants that can negatively affect both plants and the surrounding 

environment. 

 

Box 1 

 

 
 

Figure 1 

Water Crisis 
Source (Pixabay, 2024)  

 

In response to this problem, the development of a biofilter adapted for domestic use and irrigation 

for family vegetables is presented as an innovative and sustainable solution. It is a natural water 

purification system that uses filter materials and aquatic plants to remove contaminants and improve 

water quality. Implementing this technology in growing environments can reduce dependence on 

chemicals, promote nutrient recirculation, and improve the overall health of plants and soil. 

 

This project focuses on the design and construction of a biofilter for domestic use and for growing 

vegetables, exploring materials, construction methods, and plant selection to optimize its effectiveness. 

Additionally, it involves community participation to promote sustainable agricultural practices and 

environmental education, offering a practical solution to improve water quality and support local food 

security. 

 

2. Development 

 

The implementation of a biofilter has potential positive impacts at the local, regional, and state levels: 

 

At the local level, the project will improve water quality for domestic use, providing a safe and 

economical Reference Source for consumption and other uses, thus reducing dependence on bottled 

water and its associated costs. This biofilter will also serve as a practical educational tool for students, 

promoting learning about sustainability, recycling, and water treatment, and raising environmental 

awareness by extending this knowledge to the community and promoting sustainable practices. 

 

At the regional level, the success of the project could encourage other institutions and 

communities to replicate the model, strengthening collaboration among educational entities, 

organizations, and local governments. Additionally, it will provide technical training in the construction 

and maintenance of biofilters, increasing regional capabilities in sustainable technologies and reducing 

costs associated with treating contaminated water and purchasing bottled water, with a positive economic 

impact on the region. 
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At the state level, the State of Mexico could stand out as a leader in adopting sustainable 

technologies for water treatment, attracting attention and sources for similar projects. The success of the 

biofilter could influence the creation of policies that promote accessible and eco-friendly technologies, 

reduce the carbon footprint associated with bottled water production and transportation, and improve 

public health through increased access to safe drinking water. Furthermore, the manufacturing and 

maintenance of biofilters could generate local employment, strengthening the regional economy. In 

summary, the project has the potential to significantly improve quality of life and sustainability, serving 

as a model for similar initiatives and fostering more effective management of water sources in the region. 

 

This work aims to promote deep reflection on the addressed topic, while presenting an innovative 

research project developed within the academic context of the Architecture degree. This research project 

focuses on the design and construction of a biofilter made from recycled materials. Its primary objective 

is to design, build, and implement an efficient and economical filtration system for domestic use and for 

irrigating family gardens. The biofilter is designed to improve the quality of graywater and enable its 

reuse for irrigation, thus promoting a healthier environment for plant growth. 

 

The biofilter will focus on removing organic and inorganic contaminants from the water, using 

natural materials and biological filtration techniques to reduce the presence of phosphates, bleaches, 

fragrances, and other contaminants. Its effectiveness will be evaluated through laboratory tests and 

periodic analyses, with the goal of confirming its viability as an ecological alternative for graywater 

reuse. The construction of the biofilter will be carried out within a six-month period, using readily 

available materials and accessible filtration techniques. 

 

The research, which adopts a quasi-experimental scientific approach, will be conducted in the 

academic sphere, applying research principles and analytical methods to assess the feasibility and 

potential benefits of the biofilter. The selected materials will be characterized in detail, analyzing their 

physical and mechanical properties, and the feasibility of integrating these prototypes into low-income 

rural housing will be examined, considering criteria for durability and manageability. 

 

The project aims not only to provide a practical solution for graywater reuse but also to promote 

environmental awareness and encourage sustainable practices in rural communities. Through scientific 

and academic analysis, it seeks to validate biofilters as a viable and efficient option in the field of 

sustainable construction, contributing to the development of a more conscious and responsible 

environment. 

 

Concepts 

 

Biofilter  

 

A biofilter is a water treatment system that uses living organisms to remove contaminants from the water. 

These systems employ a combination of physical and biological filtration media to reduce the 

concentration of organic and inorganic contaminants, thereby improving the quality of the treated water 

(Rodríguez & García, 2018). 
 

Box 2 

 

 
 

Figure 2 

Biofilter  
Source (Espinoza &Vazquez, 2011) 
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Support Medium: Materials such as gravel, sand, and activated carbon that provide a surface for 

microorganisms to grow. 

 

Microorganisms: Bacteria and other microorganisms that decompose organic contaminants. 

 

Aeration System: Provides oxygen to microorganisms to enhance their metabolic activity. 

 

Modular Configuration: Can be scalable and adapted to different sizes and needs (Ramírez & Torres, 

2018). 

 

Biofilm: Community of microorganisms that adhere to a surface and perform contaminant degradation. 

 

Biological Filtration: Process in which microorganisms degrade organic contaminants present in the 

water. 

 

Wastewater Treatment: Process of removing contaminants from wastewater to make it suitable for 

reuse or safe discharge (Gómez & Rodríguez, 2020). 

 

Materials Used for Construction 

 

Gravel: Provides a robust surface for microorganism adherence. 

 

Sand: Used for physical filtration and as a biological support medium. 

 

Activated Carbon: Helps remove chemical contaminants and improves the taste and odor of the water. 

 

Coconut Fiber: Organic material that can be used as a biological support medium. 

 

PVC Pipes: Used for constructing the water distribution and collection system (Navarro & Pérez, 2018). 

 

Bio Sand Filters 

 

The bio sand filter is a simple home water purification system, created for intermittent use, that works 

similarly to traditional slow sand filters. It consists of a concrete or plastic container filled with carefully 

chosen and prepared sand and gravel. As water passes through the filter, physical processes remove iron, 

turbidity, and manganese from drinking water. In addition, a biological process eliminates pathogens, 

thanks to a gelatinous layer (biofilm) of harmless microorganisms that forms on the top of the filter. 

 

It consists of three layers of granular material. The bottom layer is support, with 12 mm gravel. 

The intermediate layer is a separation layer, with 6 mm gravel. Both gravels must be crushed rock. The 

top or filtration layer is sand 0.7 mm in size (see Figure 3). 

 

This effective and simple device improves water quality through natural processes, eliminating 

contaminants and pathogens. Its design allows easy use in homes, being a practical solution to obtain 

cleaner and safer water for daily consumption. (Bipin & Spuhler, 2011) 
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Box 3 
 

 
Figure 3  

Bio Sand Filters 

Source adapted from CAWST (2009) 

 

3. Methodology 

 

The methodological approach of this research is based on a quasi-experimental design characterized by 

the management of non-randomized experimental variables in a controlled environment. This 

experimental approach involves the participation of students to encourage research, creativity, and 

innovation, as well as to promote awareness of critical issues such as sustainability. 

 

The research is proposed to be structured in three stagesðshort, medium, and long-termðto 

ensure the continuity of both the research work and student participation throughout these periods. This 

phased approach will allow for the progressive addressing of the stated objectives and facilitate the 

collection of data over time for a more robust and conclusive analysis. 

 

Additionally, during the study's development, controlled conditions will be established to ensure 

the internal validity of the results obtained. This involves implementing measures to minimize 

confounding factors and ensuring that the observed differences in variables are attributable to the 

experimental treatment rather than other external influences. 

 

The purpose of this research is to conduct a feasibility analysis of the prototype, which is based 

on constructing a biofilter with reused materials incorporating materials from the region. To achieve this, 

various fundamental physical tests will be conducted to identify and demonstrate the physical properties 

of these filtering elements. Additionally, they will be compared with similar elements to detect 

advantages or deficiencies in the component. New combinations of filtering materials will also be 

explored to evaluate their potential in terms of efficiency, functionality, and sustainability, in line with 

biofilter standards. 

 

The study will focus on evaluating the physical properties resulting from the tests of the obtained 

water quality, employing scientific techniques and methods to conduct the necessary tests and 

measurements. Comparative analyses will also be applied between the modified module and similar 

elements to establish significant differences and determine their implications. 

 

The focus of this research lies in the search for innovative and sustainable solutions with the 

potential to improve the performance and functionality of biofilters. It is expected that the results of this 

study will contribute to a greater understanding of the properties and characteristics of the proposed 

prototype and allow for the identification of opportunities for its application in the daily practice of 

families. Within the research strategies, three phases with specific objectives have been outlined to be 

carried out in the short, medium, and long term. 
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In the short-term phase: 

 

- Problem Identification: Define which contaminants or compounds are intended to be removed 

with the prototype. 

- Selection of Filter Medium: Choose the appropriate material for the type of contaminants to be 

treated (activated carbon, sand, etc.). 

- System Design: Determine the size of the biofilter, the air or water flow to be treated, and the 

arrangement of the filter medium. 

- Conduct documentary and field research to gather relevant information. 

- Analyze and characterize the nature of existing and/or commercial prototypes related to the study 

topic. 

- Biofilter Construction  

- System Assembly: Assemble the prototype according to the established design. 

 

Materials:  

- Plastic Container (Polypropylene). 

- Cotton (for retention of coarse solids). 

- Gravel (for structural support and drainage). 

- Activated Carbon (for absorption of organic compounds). 

- Fine Sand (for fine filtration). 

- Ceramics (optional, for microbial support). 
 

Assembly: 

 

Cut the plastic container in half and use the top part to hold the water. 

Place layers of filter materials in order: gravel (at the bottom), activated carbon, fine sand, and ceramics.  

Use cotton at the top to retain coarse solids before the water enters the filtration system. 

 

- Inoculation and Activation 

 

Add graywater as a Reference Source of microorganisms. 

Ensure that the biofilter is well-saturated and begins to function. 

 

In the Medium-term Phase 

- Startup and Adjustments: 

- Device Startup: Initiate the air or water flow. 

- Initial Monitoring: Control and adjust parameters such as pH, temperature, and flow rate to 

optimize the efficiency of the prototype to ensure that the water is within suitable ranges for 

microbial growth and filtration efficiency. 

- Operation and Maintenance: 

- Continuous Monitoring: Perform periodic analyses to verify its effectiveness. 

- Routine Maintenance: Carry out cleaning and replacement of the filter medium as necessary. 

- Process Optimization: Implement improvements based on the results obtained during operation. 

- Visually observe the water clarity before and after the filtration process. 
 

In the Long-term Phase 

 

- A thorough analysis of the results obtained in the tests will be conducted, including verification 

of the initial reduction of suspended solids and turbidity in the water. 

- The water quality will be observed through perceptible improvement in the visual and olfactory 

quality of the treated water. 

- It will be determined whether the production process and materials are viable for producing a 

final prototype. 

- The prototype will be tested outdoors, focusing on its resistance and durability. 

- A cost comparison of the product in the current market will be made concerning other existing 

alternatives. 

 



38 

 

 

- The implementation of the prototype in homes in rural areas will be sought to verify its efficiency. 

 

- With this methodological approach and planning over different time frames, the aim is to obtain 

solid and well-founded results that allow for a potentially successful implementation, thereby 

contributing to sustainable development and its large-scale adoption. 

 

With this methodological approach and planning over different time frames, the aim is to obtain 

solid and well-founded results that enable a potentially successful implementation of the prototype in 

rural and urban areas, thereby contributing to its sustainable development and large-scale adoption. 

 

4. Results and Discussion 

 

Materials and Methods 

 

Materials:  

 

650 ml PET Bottle 

Cotton 

Granulated River Area 

1/2ôô Gravel 

Tepojal 

Activated Carbon 

Graywater 

Fine Sand 

Ceramics (recycled, crushed) 

pH Meter 

 

Box 4 
 

 
 

Figure 4  

Materials to be Used 
Source (own photo, 2024) 

 

Methods: Experimentation 

 

Preparation of the Test Container: 

- Wash and disinfect the container before starting. 

- Place a layer of support material at the bottom for drainage. 

 

Add the Cotton Layer: 

- Add a layer of cotton on top of the support material to act as an initial filter. 

 

Integrate the Filter Material:  

- Add a layer of granular filter material (sand) on top of the cotton layer. 

 

Adjustment Tests: 

- Fill the biofilter with water and observe its operation. 

- Adjust the water flow and position as needed to optimize the filterôs effectiveness. 
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Box 5 

   

 
 

Figure 5  

Process of experimentation 
Source (Own Photo, 2024) 

 
Filtration Tests 

 

The filtration test was conducted on a small scale to evaluate the quality of the filtered water. The main 

objective of the test is to measure pH levels, which is one of the most important parameters, as it can 

influence the health and performance of garden plants. 

 

Graywater can vary in pH due to the presence of different chemical compounds, such as 

detergents or cleaning products, affecting the availability of nutrients in the soil. An unsuitable pH can 

block the absorption of certain essential nutrients for proper plant development, such as phosphorus, 

potassium, and calcium. In overly acidic soils, nutrients like calcium and magnesium may become less 

available to plants, leading to nutritional deficiencies. On the other hand, a pH between 6 and 6.5 is 

considered the most suitable due to the reasonable availability of essential nutrients for plants. 

 

Within the Jocotitlán area, the pH range is between 6.52 and 7.17. These values reveal low 

concentrations of dissolved salts, which are influenced by the geological environment.  (Baca y otros, 

2020). 

 

Sample 1 

 

Materials Used: 

- 620 ml PET Bottle 

- Cotton 

- River Sand 

- Activated Carbon 

- Fine Sand 

- Digital pH Meter (range 0-9990 

 

Steps: 

 

Preparation of the Bottle: 

- Divide the bottle into four sections, each 3 cm high. 

 

Layer Placement: 

- First layer: Cotton 

- Second layer: River Sand 

- Third layer: Activated Carbon 

- Fourth layer: Fine Sand 
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Box 6 

 

    
 

Figure 6 

Placement of Filter Material Layers 
Source (own photo, 2024) 

 

Preparation for Drainage: 

 

- At the bottom of the bottle, a hole was made to allow for the drainage of filtered water. 

 

Measurement of Water pH: 

- The pH of the gray water was measured before filtration, obtaining a value of 9.52, using a high-

precision digital pH meter (range 0-9990). 

- After passing through the filtration system, the pH of the filtered water was measured, obtaining 

a value of 6.07.  

 

Box 7 
 

    
Figure 7 

pH Measurement 
Source (own photo, 2024) 

 

Test Results 

 

Filtration Time:  

 

The test demonstrated that the prototype has a slow filtration capacity. 

 

Filtration Volume and Time: 

300 ml of water were filtered in approximately 10 to 20 minutes. These results indicate that the filtration 

system is efficient in terms of pH reduction. The test showed that the water is clear and has a good 

consistency. 
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Diagram: 

 

Box 8 
 

 
Figure 8 

Diagram of Sample 1 
Source (own photo, 2024) 

Sample 2 
 

Materials Used: 

 

- 620 mL plastic bottle 

- Cotton 

- River sand 

- Tepojal 

- Ceramic waste 

- Digital pH meter (range 0-9990) 

 

Steps: 

 

Preparation of the Bottle: 

- The bottle was divided into four sections, each 3 cm high. 

 

Layering of Materials:  

- First layer: Cotton 

- Second layer: River sand 

- Third layer: Tepojal 

- Fourth layer: Ceramic waste 

 

Box 9 
 

 
 

Figure 9 

Measurement of the pH of filtered water with medium quality.  
Source (own photo, 2024) 
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Preparation for Drainage: 

 

- A hole was made at the bottom of the bottle to allow the drainage of filtered water. 

 

Measurement of Water pH: 

 

- The pH of the gray water was measured before filtration, obtaining a value of 8.54 using a high-

precision digital pH meter (range 0-9990). 

- After passing through the filtration system, the pH of the filtered water was measured, obtaining 

a value of 6.86. 

 

Test Results 

 

Filtration Time:  

 

The test demonstrated that the prototype has a rapid filtration capacity. 

 

Volume and Filtration Time:  

 

200 ml of water were filtered in approximately 5 to 10 minutes. These results indicate that the filtration 

system is efficient in terms of speed, allowing for a quick flow of water through the different filter layers. 

 

Box 10 
 

 
 

Figure 10 

Diagram of Sample 2  
Source (own photo, 2024) 

Sample 3 
 

Materials Used: 

 

- 620 ml plastic bottle 

- Cotton 

- Fine sand 

- Tepojal 

- Gravel 

- Digital pH meter (range 0-9990) 

 

Procedure: 

 

Preparation of the Bottle: 

 

The bottle was divided into four sections, each 3 cm high. 

 

Layer Placement: 

First layer: Cotton 
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Second layer: Fine sand 

Third layer: Tepojal 

Fourth layer: Gravel 

 

Box 11 
 

 
 

Figure 11 

pH of Filtered Water with Low Quality  
Source (own photo, 2024) 

 

Preparation for Drainage: 

 

A hole was made at the bottom of the bottle to allow for the drainage of filtered water. 

 

Measuring Water pH: 

 

- The pH of the gray water was measured before filtration, obtaining a value of 8.72, using a high-

precision digital pH meter (range 0-9990). 

- After passing through the filtration system, the pH of the filtered water was measured, obtaining 

a value of 7.36.  

 

Test Results: 

 

Filtration Time:  

 

The test demonstrated that the prototype has a slow filtration capacity. 

 

Volume and Filtration Time:  

 

300 mL of water were filtered in approximately 10 to 15 minutes. These results indicate that the filtration 

system is efficient in terms of pH reduction. The test shows that the water is clear and has a good 

consistency. 

 

Box 12 
 

 
Figure 12 

Diagram of Sample 3 
Source (Own Photo, 2024) 
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In summary, the filtration process for soapy or gray water with low pH has proven to be an 

effective strategy for improving the quality of water used in home gardens. The results obtained indicate 

that this treatment can help prevent the buildup of soap residues and maintain a healthy pH balance in 

the soil, thus promoting optimal plant growth. 

 

Prototype Development 

 

Collaborators: 

 

8th-semester architecture students: 

  

Daniel Perfecto Victor & Citlali Antonio Andere 

 

Materials Needed 

 

- 20-liter soap container (clean and disinfected). 

- PVC pipe (1/2-inch diameter, variable length). 

- PVC elbows and connectors (1/2 inch). 

- Fine sand. 

- River sand. 

- Activated carbon. 

- Cotton. 

- Silicone. 

- Tools: Drill, drill bits, saw, scissors, markers, ruler.  

 

Box 13 
 

 
 

Figure 13 

Materials 
 Source (own photo, 2024) 

 

Preparation of the Container 

 

Cleaning:  

 

Wash the 20-liter container with water and detergent to remove residues.  

Disinfect with a solution of water and bleach, then rinse thoroughly and allow to dry.  

 

Cutting the Lid :  

 

Use a saw to cut the top of the container, leaving an opening of 5 to 7 centimeters to add filtration 

materials and perform maintenance.  
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Box 14 
 

 
 

Figure 14 

Cutting the Container  
 Source (own photo, 2024) 

 

Filtration System 

 

Preparation of the Inlet System and Outlet System   

 

- Drill a hole near the top of the container to insert the 13 mm water inlet pipe.  

- Insert a section of PVC pipe into the hole and seal with silicone to ensure there are no leaks. 

 

Preparation of the Outlet System:  

 

- Drill a hole in the bottom of the container, opposite the inlet, for the outlet pipe.  

- Insert a section of PVC pipe and seal with silicone.  
 

Box 15 
 

 
 

Figure 15 

Drilling for Pipe Installation and Adaptation and Sealing the Pipe   
 Source: (own photo, 2024) 

 

Installation of the Shutoff Valve:  

 

- Connect a PVC elbow to the outlet pipe and attach a shutoff valve to control the flow of the 

filtered water.  
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Box 16 
 

 
 

Figure 16 

Pipe Connections 
Source: (own photo, 2024) 

 

 

Final Assembly and Testing 

 

Final Assembly:  

 

- Check that all connections are well-sealed and that there are no leaks.  

- Slowly fill the biofilter with water to allow the filtration layers to settle properly.  

 

Testing:  

 

- Perform operational tests by filling the container with water and checking the quality of the water 

coming out of the outlet pipe.  

- Measure the parameters of the filtered water (turbidity, pH, etc.) to ensure the filter is working 

correctly.  

 

Base Assembly for Support 

 

Step 1: Cutting the Steel Profile 

 

a. Measurement and Cutting: Measure and cut the necessary pieces from the 1/2" x 1/2" steel profile.  

 

Step 2: Assembling the Upper and Lower Frames 

 

a. Form the Frame: Join the cut pieces to form two square frames (one upper and one lower). Use 

nuts and bolts to secure the joints at the corners. 

b. Ensure the Joints are Square: Use a square and level to ensure that the joints are properly aligned. 

 

Step 3: Attaching the Legs to the Frame Reinforcement and Adjustments 

 

a. Attach the Legs: Secure the four legs to the four corners of the lower frame. 

b. Reinforcement: If necessary, add additional reinforcements to the joints and base to ensure 

stability. This may include diagonal braces or reinforcement plates at the corners. 

c. Smoothing and Adjustments: Use an angle grinder to smooth sharp edges and adjust welded 

joints. 
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Step 4: Preparation and Finishing 

 

a. Preparation: Clean the structure to remove dust and metal residues. 

b. Apply an Anticorrosive Coating: Apply a layer of anticorrosive paint to protect the steel from 

corrosion. 

c. Finishing: If desired, add anti-slip rubber to the legs to prevent slipping. 

 

Box 17 
 

    
    

Figure 17 

Base Assembly for Support 
 Source: (own photo, 2024) 

 

Final Considerations: 

 

a. Stability Test: Before placing the containers, test the stability of the base with additional weight 

to ensure that the structure can support the expected load without wobbling. 

b. Placing the Containers: Place the containers securely and ensure that they are well-supported on 

the base. 

 

Box 18 
    

    
 

Figure 18 

Placement of Containers and Assembly of the Containers Support 
 Source: (own photo, 2024) 

 

Filtration Layers:  

 

First Layer (Base): Place a layer of cotton at the bottom of the container (approximately 7 cm thick). 

This layer serves as the base of the filtration system and allows for proper drainage.  

 

Second Layer: Place a layer of river sand over the cotton (approximately 7 cm).  

 

Third Layer : Add a layer of activated carbon (approximately 7 cm) on top of the river sand. Activated 

carbon helps to filter out finer particles from the water.  

 

Fourth Layer : Place a layer of fine sand (approximately 7 cm) to remove chemical contaminants and 

improve the odor and color of the water.  
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Box 19 
   

 
 

 

Figure 19 

Filtration Layers 
Source: (own photo, 2024) 

 
Filtration Process 

 

Water Inlet:  

 

Contaminated water is introduced at the top of the first container. It can be poured directly or pumped, 

depending on the system setup. 

 

Box 20 
    

 
 

Figure 20 

Gray Water Discharge 
Source: (own photo, 2024) 

 

Mechanical and Biological Filtration (Container 1): 

 

The water first passes through the cotton layer, which filters out larger contaminants.  

 

Then, it flows through the coarse gravel, where larger particles are removed, and sedimentation 

is facilitated.  
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The granulated sand and river sand provide finer mechanical filtration and create an environment 

for microorganism colonization, which degrades organic matter. 

 

Box 21 
 

      
 

Figure 21 

Filtration Through 3/4" Coarse Gravel 
 Source: (own photo, 2024) 

 

Transition to the Second Container: 

 

The pre-filtered water is transferred to the second container, either through a connecting pipe or by 

gravity, depending on the system design. 

 

Box 22 
 

 
 

Figure 22 

Second Stage of Filtration 
Source: (own photo, 2024) 

 

Chemical and Fine Filtration (Container 2): 

 

The water passes through an initial layer of cotton, which removes any remaining larger particles.  

 

Then, activated carbon adsorbs chemical contaminants and improves the organoleptic properties 

of the water.  

 

Finally, the river sand performs the final mechanical filtration, removing the finest particles. 
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Box 23 
    

 
 

Figure 23 

Water Filtration Process 
 Source: (own photo, 2024) 

 
 

Filtered Water Outlet:  

 

The filtered water exits the second container through a final layer of cotton, ensuring it is free of 

suspended particles and ready for use and pH measurement. 

 

Box 24 
    

 
 

Figure 24 

pH Test Sampling of Gray Water and pH Measurement of the 

Filtered Water 
Source: (own photo, 2024) 

 

Maintenance 

 

Replacement of Filtration Materials:  

 

Depending on usage, some materials (such as activated carbon) will need to be replaced periodically.  

  

General Cleaning:  

 

Disassemble the biofilter and clean the filtration layers if you observe a significant decrease in water 

flow.  

 

5. Thanks  
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5. Conclusions 

 

Building a biofilter with accessible materials is not only a practical way to purify water but also promotes 

a responsible and conscious attitude toward the environment. By reusing materials and avoiding harmful 

chemicals, we are taking a small but significant step toward a more sustainable lifestyle. 

 

This biofilter not only helps keep water clean and safe for plants but also represents a way to care 

for our planet. By recycling and reusing, we contribute to waste reduction and promote practices that 

benefit both us and the natural environment. 

 

This prototype provides a detailed guide to building a biofilter using 20-liter containers and 

simple materials such as gravel, sand, activated carbon, and cotton. By following these steps, anyone can 

create an effective system to improve water quality in gardens and farms, using elements that are easy to 

find and, in many cases, recycled. 

 

Beyond improving water quality, this project symbolizes a commitment to sustainability and 

environmental care. Every small effort count, and by implementing solutions like this biofilter, we are 

building a healthier and more eco-friendly future for everyone. 

 

Education plays a crucial role in this task, since it is from the classrooms where environmental 

awareness can be promoted, and new generations sensitized about the importance of adopting sustainable 

practices. By incorporating technological innovation proposals that involve products or prototypes with 

recycled materials into the teaching-learning process, students can understand how reuse can contribute 

to caring for the planet and building a more sustainable future. 
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cm centimeters 

mm millimeters 

ml millimeters 

PET Polyethylene Terephthalate 

PVC Polyvinyl chloride 

 

Annexes 

 

Logo 

 

The word "mbenda" in Mazahua goes beyond simply meaning "path" or "trail." For the Mazahua people, 

it represents something deeply rooted in their daily lives and worldview. 

 

Firstly, "mbenda" connects people to the land in an incredibly unique way. It is not just a place 

they walk through but a link to their roots, to sacred places where stories and traditions have been passed 

down through generations. 

 

Additionally, this term has significant social meaning. It is the path that unites the Mazahua 

community, where they share experiences and support each other. It is also a reminder of the importance 

of living in harmony with nature, taking care of the sources everyone needs to live. (Benitez, 2017) 

 

Logo Rationale 

 

Incorporating the word "mbenda" into the logo of a biofilter is a significant and powerful decision for 

several key reasons. Beyond its literal meaning of "path" in Mazahua, "mbenda" evokes a deep 

connection with the land and nature, essential for a project aimed at sustainably treating wastewater. This 

word also symbolizes community and cultural values, demonstrating a commitment to the Mazahua 

community and its traditions. By using "mbenda" in the logo design, a unique identity is created that 

stands out in a market focused on sustainability while also generating an emotional connection with those 

who value environmental and cultural preservation. 

 

Box 25 
    

 

 
 

Figure 25 

Presentation of the Prototype & Logo of Tlaloc with Mbenda 
 Source: (own photo, 2024) 

 

 

 



53 

 

 

7. References 
 

Basics 

 

Arango, A., (2004) La biofiltración, una alternativa para la potabilización del agua, Revista Lasallista de 

Investigación, vol. 1, núm. 2, 2004, pp. 61-66 Corporación Universitaria Lasallista Antioquia, Colombia 

 

Baca, A., Martínez, V., Segovia, N., Iturbe, J.L., Armienta, J.L., (2020) Calidad del agua de manantiales 

y pozos que se utilizan para consumo humano, en la región del Volcán de Jocotitlán, Estado de México, 

IAEA.org. 

 

Benítez, R. (2017). ñVocabulario pr§ctico biling¿eò. Gob.mx. Retrieved on June 21, 2024.  

 

Espinoza, M., Vázquez, S., (2011), Evaluación de biofiltros de arena como sistemas de desinfección 

unifamiliares en comunidades rurales, hc1105.1 informe final. 

 

Gómez, C., & Rodríguez, P. (2020). ñProcesos biol·gicos en el tratamiento de aguas.ò Universidad de la 

Ecología. Retrieved on April 27, 2014. 

 

Navarro, L., & Pérez, A. (2018). Materiales sostenibles para la construcci·n de biofiltros. ñRevista de 

Ingeniería y Medio Ambiente,ò Retrieved on May 22, 2024 from  

 

Ramírez, R., & Torres, M. (2018). Características y diseño de biofiltros. ñRevista Cient²fica de Medio 

Ambienteò Retrieved on May 21, 2024.  

 

Supports 

 

Bipin, D. & Spuhler, (2011), Household Water Treatment and Safe Storage Systems (HWTS) Bipin 

Dangol,ENPHO, 

 

CAWST (2009): An Introduction to Household Water Treatment and Safe Storage,  Sources/pubs/file/78 

 

Pixabay, lago agua lodo. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.redalyc.org/pdf/695/69510210.pdf
https://inis.iaea.org/collection/NCLCollectionStore/_Public/32/032/32032412.pdf
https://inis.iaea.org/collection/NCLCollectionStore/_Public/32/032/32032412.pdf
https://www.gob.mx/cms/uploads/attachment/file/192866/cdi-vocabulario-mazahua-rufino-benitez-reyna-web.pdf
http://repositorio.imta.mx/bitstream/handle/20.500.12013/1479/HC-1105.1.pdf?sequence=1&isAllowed=y
http://repositorio.imta.mx/bitstream/handle/20.500.12013/1479/HC-1105.1.pdf?sequence=1&isAllowed=y
https://www.researchgate.net/publication/375790967_Tratamiento_biologico_de_aguas_residuales_con_perspectiva_de_economia_circular
https://www.imta.gob.mx/biblioteca/libros_html/sistemas-de-humedales/files/assets/common/downloads/publication.pdf
https://www.imta.gob.mx/biblioteca/libros_html/sistemas-de-humedales/files/assets/common/downloads/publication.pdf
http://ecotec.unam.mx/
https://studylib.net/doc/15704368/household-water-treatment-and-safe-storage-systems--hwts-?__cf_chl_tk=GHI6nqDJ_fUALBnFdor_DlypB49pLqfU2bV9_Gdvwx4-1737472397-1.0.1.1-reuw00qNUG.NSj9f5jjCY7oknqeihfcGwtnHoFy2i78
https://www.cawst.org/
http://www.cawst.org/en/reReference%20Sources/pubs/file/78
https://pixabay.com/es/photos/sequ%C3%ADa-lago-agua-lodo-2791710/


54 

 

 

The strengthening University linkage and extension for the development of 

Architectural projects 

 

El fortalecimiento de la vinculación y extensión universitaria para el desarrollo de 

proyectos arquitectónicos 

 
Oguri, Leticia*a, Pretel, Ana Maríab and García, Nidiac   

 
a  Tecnológico Nacional de México - Tecnológico de Estudios Superiores de Jocotitlán Å  AAX -2427-2021 Å   0000-

0003-3723-9202 
b  Tecnológico Nacional de México - Tecnológico de Estudios Superiores de Jocotitlán Å  MBW-2810-2025 Å  0000-

0002-8508-8114 
c  Tecnológico Nacional de México - Tecnológico de Estudios Superiores de Jocotitlán Å  MBW-2814-2025 Å  0000-

0001-6303-8418 

 

CONAHCYT classification:                                                                                DOI:  https://doi.org/10.35429/H.2024.15.54.64 

 

Area: Humanities and Behavioral Sciences 

Field: Education sciences 

Discipline: Education 

Subdiscipline: Comparative education 

 

Key Handbooks 
 

This research work presents two main contributions. Firstly, the need to go beyond the physical facilities, the academic 

program and emphasize the importance of university linkage and extension in the development of design proposals that 

arise from the classroom. This implies that design projects must be socially responsible, raise awareness, rescue values and 

humanize. Secondly, another contribution. Given the great concerns that concern us today, various approaches have 

emerged, such as social architecture or for society, which focus on pragmatic consequences, as such they have a body of 

knowledge, direct the way of interpreting problems, set specific objectives and constitute in themselves a methodology, 

that is, they are a way of seeing things and consequently of treating the problems they aim to solve. In summary, the 

research highlights the importance of the teaching of architecture being socially responsible, linked to the community and 

focused on solving real and urgent problems. It also emphasizes the need to strengthen university extension and linkage to 

make viable the projects that are developed from educational training and connect them with the productive sectors of 

private or public investment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

Citation:  Oguri, Leticia, Pretel, Ana María and García, Nidia. The strengthening University linkage and extension for the 

development of Architectural projects. 54-64. ECORFAN. 

 

*  [leticia.oguri@tesjo.edu.mx] 

 

Handbook shelf URL: https://www.ecorfan.org/handbooks.php  

 
 

 

 

ISBN 978-607-8948-53-6/©2009 The Authors. Published by ECORFAN-Mexico, S.C. for 

its Holding Mexico on behalf of Handbook HPIET. This is an open access chapter under 

the CC BY-NC-ND license [http://creativecommons.org/licenses/by-nc-nd/4.0/] 
 

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. 

 

 

https://ror.org/02kry3y94
https://ror.org/02kry3y94
https://ror.org/02kry3y94
https://doi.org/
https://www.ecorfan.org/handbooks.php
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.marvid.org/


55 

 

 

Abstract  

 

The present research work addresses the need to strengthen university extension and linkage for the 

viability and effectiveness of architectural projects developed in the academic field. This study highlights 

the importance of redirecting the interpretation and approach to problems, establishing more ambitious 

objectives that allow the materialization of projects with tangible social benefits. It is argued that, to 

improve the quality of life, it is essential that educators and architecture students collaborate in the 

discussion and proposal of solutions that incorporate principles of social responsibility and ethics. These 

principles must be integrated not only in the educational process, but also as fundamental strategies in 

professional practice, promoting shared values and equitable opportunities. It is concluded that a socially 

responsible attitude in architectural design contributes significantly to social development, underlining 

the need for an educational approach that encourages a solidarity commitment and a professional ethic 

that promotes common social development. 

 
The strengthening University linkage and extension for the development of Architectural projects 

Objectives Methodology Contribution 

Expose the importance of 

strengthening university extension and 

connection to make viable and feasible 

the architectural projects that are 

formulated from the classrooms, which 

propose to solve the major current 

problems, assuming a commitment to 

the community and with a sense of 

responsibility and ethics of our 

professional task. 

 

 

The research is carried out from a 

mixed scientific approach. The 

selected samples will be characterized 

in detail, analyzing the operational 

parameters in their current state, giving 

importance to the human presence, to 

the relationship between man and the 

environment. 

Research principles and analytical 

methods are applied to evaluate the 

feasibility and potential benefits of 

university linkage and extension to 

redirect their actions and thereby 

promote and design a closer 

Architecture, with greater social 

impact. 

 

 

It seeks to promote the strengthening 

of architecture, as a very important part 

of the construction of human reality. 

It is our responsibility to invite people 

to reinvent the profession beyond 

classes and teachings; transcend in a 

way that encourages finding and 

generating more inclusive 

opportunities for other ways of 

thinking with architecture.  Through 

extension and linkage, it is possible to 

relate to key sectors for the 

development of projects that benefit 

the community and at the same time 

fulfill its function of university 

extension. 

 

 

 
 

Extension, university connection, teaching 

 

 

 

 

 

 

 

 

 

 

 

 

Current state parameters 

 

Man-environment 

relationship 

 

Evaluate feasibility and 

potential benefits 

Viable and feasible 

projects that are 

born in classrooms 
 



56 

 

 

Resumen 

 

El presente trabajo de investigación aborda la necesidad de fortalecer la extensión y vinculación 

universitaria para la viabilidad y efectividad de proyectos arquitectónicos desarrollados en el ámbito 

académico. Además, se subraya la importancia de redirigir la interpretación y el abordaje de los 

problemas, estableciendo objetivos más ambiciosos que permitan la materialización de proyectos con 

beneficios sociales tangibles. Se argumenta que, para mejorar la calidad de vida, es esencial que 

educadores y estudiantes de arquitectura colaboren en la discusión y propuesta de soluciones que 

incorporen principios de responsabilidad social y ética. Se concluye que una actitud socialmente 

responsable en el diseño arquitectónico contribuye significativamente al desarrollo social, subrayando la 

necesidad de un enfoque educativo que fomente un compromiso solidario y una ética profesional que 

impulse el desarrollo social común. 

 
El fortalecimiento de la vinculación y extensión Universitaria para el desarrollo de proyectos Arquitectónicos 

Objetivos Metodología Contribución 

Exponer la importancia del 

fortalecimiento de la extensión y 

vinculación universitaria  para hacer 

viables y factibles los proyectos 

arquitectónicos que se formulan desde 

las aulas, los cuales proponen 

solucionar los grandes problemas 

actuales, asumiendo un compromiso 

con la comunidad y con sentido de 

responsabilidad y ética de nuestro 

quehacer profesional. 

 

 

La investigación, se realiza desde el 

enfoque científico mixto. Se 

caracterizarán detalladamente las 

muestras seleccionadas, analizando 

los parámetros operativos en su estado 

actual, dándole importancia a la 

presencia humana, a la relación del 

hombre con el medio. 

Se Aplican principios de 

investigación y métodos analíticos 

para evaluar la factibilidad y los 

beneficios potenciales de la 

vinculación y extensión universitaria 

para redireccionar sus acciones y con 

ello promover y diseñar  una 

Arquitectura más cercana, con mayor 

impacto social. 

 

 

Se busca promover el fortalecimiento 

de la arquitectura, como una parte 

muy importante de la construcción de 

la realidad humana. 

Es nuestra responsabilidad, invitar a 

reinventar la profesión más allá de las 

clases y enseñanzas; trascender en 

forma tal que incentive a encontrar y 

generar oportunidades más 

incluyentes de otras formas de pensar 

con arquitectura.  A través de la 

extensión y vinculación se logre 

relacionarse con sectores clave para el 

desarrollo de proyectos que 

beneficien a la comunidad y a su vez 

cumpla su función de extensión 

universitaria. 

 

 
 

Extensión, vinculación universitaria, enseñanza 

 

 

 

 

 

 

 

 

Proyectos Viables y 

factibles que nacen 

en aulas. 

 

Parámetros de estado actual 

Relación hombre medio 

ambiente 

Evaluar factibilidad y 

beneficios potenciales. 
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1. Introduction  

 

The contemporary context of architecture is marked by the increasing complexity of social and 

environmental challenges, which demand a fundamental reconsideration of traditional approaches in the 

field. Facing these challenges requires a critical reorientation from the initial phases of academic training, 

where educators and students must actively collaborate in the identification, analysis and resolution of 

significant problems. The need to integrate fundamental topics such as social responsibility and ethics in 

the teaching of architecture become unavoidable, not only to ensure the understanding of these concepts, 

but also for their effective application as mechanisms that promote equal opportunities and shared values.  

 

Social responsibility should not be considered as a concept relegated to government decisions, 

but as a comprehensive strategy that covers all aspects of professional practice and educational work. In 

this sense, university linkage and extension are required to play a leading role in the formation of design 

proposals that emerge from the academic environment. This research highlights the importance of this 

approach, arguing that a strong commitment from the classroom can lead to architectural projects that 

not only resonate with humanistic values, but also contribute effectively to social development and the 

improvement of the quality of life. 

 

2. Theoretical Framework 

 

The crisis in architecture teaching 

 

For a long time we have been experiencing a crisis in the teaching of architecture, one of the possible 

causes is the fact that the teacher and the student find themselves in a conflict between their ideals and 

the real practice of architecture, where there is a line imaginary that causes this phenomenon, that is, on 

the one hand there is the vision and ideas of the architect, or what he intends to achieve, and on the other 

hand we are faced with professional reality, which is full of contradictions between what is intended to 

be done. , what is done and what can really be done. (Togneri, 1984) 

 

This implies a reflection to find the original values, the meaning of the essence of the architect, 

architecture and its understanding in our real world and identify the characteristics that are required in 

the new generations. 

 

Architecture has been directed in the opposite direction to its fundamental and functional 

principles, establishing the formalist style as a priority, favoring the appearance of star architects, those 

of the so-called spectacle architecture, which refers to everything that goes into the sense of virtuality 

and simulation, where the impact sought, more than social, turns out to be just a media impact. 

 

Sometimes a media investment is evident, where the author is talked about first, then the project 

and finally the work, in the same sense it is highlighted that we are in a consumer society where the 

market of emotions and the main emotion prevail. It is the visuality, the image; People know a large 

number of projects through photogenicity, although they were never in direct contact with the work, to 

see, touch, feel the light and the notion of time, this relationship between architectural objects and life 

that is the essence that feeds architecture. 

 

Although, in these circumstances we observe design proposals that go beyond the beautiful or the 

grotesque, it must be taken into account that architecture contains a higher value, where the quality of its 

authorship speaks for itself. 

 

The teaching of architecture requires more than a set of physical facilities, an academic program 

and a teaching staff; it is a space for creation, innovation and discussion of the great problems, in which 

its sterility or its richness is immediately projected in the student's education.  

 

The teaching of Architecture has been changing slowly, it is necessary to accelerate the pace of 

change, to become aware of current circumstances, to understand the conflict between current ideas and 

reality, to recognize and define the relationship between theoretical information and concrete demands. 

(Saldarriaga, 1996). 
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Faced with the great problems that concern us, such as: overpopulation, migrations, social 

inequality, natural disasters, education, security, public policies, cultures and identities. The architect's 

discordance between what he should do and what he can do warns of a review of theory, practice and 

teaching. Therefore, it is necessary to update the ideals of the profession, valuing the practical reality, 

the imminent social, political, economic and environmental problems of the time and assume the 

corresponding responsibilities from the architectural work with a broader ethical sense. (Castaño, 2005) 

 

The teaching of architecture in the face of current problems. 

 

The objective they set is to promote the importance of design in the face of the great challenges we face 

today and in this way attract young students with whom to share a social conscience who provide viable 

solutions that break down the barriers between society and education., finding the best way to respond 

to the demands of the most vulnerable and direct our efforts towards their feasibility and viability. 

 

Architecture and design in general have a social responsibility that must be assumed with 

commitment, since, with their actions, they can affect or improve coexistence itself. 

 

From the same teaching of architecture and design, it is possible to raise awareness about critical 

social and environmental aspects. An education that encourages critical reflection enables a successful 

treatment of more complex problems. For this, it is necessary that the Design workshop define the 

approach with which the projects will be carried out. 

 

Given the great concerns that concern us today, various approaches have emerged, such as social 

architecture or for society, which focuses on the needs of users, allowing them to liveable, heterogeneous, 

plural and diverse spaces, spaces that are capable of integrating without distinction or omission those 

who need them; Another important approach is that of sustainable architecture, which seeks to minimize 

the environmental impact of buildings on the environment and the community, as well as reduce the 

ecological footprint of buildings as much as possible. There is also Universal Design, which consists of 

the creation of products and environments designed so that they are usable by people to the greatest 

extent possible, without the need to adapt or specialize, its objective is to simplify people's lives to 

through the creation of environments usable by the greatest number of people with zero or minimal cost. 

 

It is important to clarify that these types of architecture go beyond being adjectives, but rather 

constitute a series of approaches that focus on pragmatic consequences, as such they possess a body of 

knowledge, direct the way of interpreting problems, set specific objectives and They constitute in 

themselves a methodology, that is, they are a way of seeing things and consequently of treating the 

problems they aim to solve. 

 

Faced with the great challenges in the current economic, political and social environment, we 

must be able to pollinate that sense of serving the community from our own professional practice, instill 

values in students such as dignity, where all people, regardless of their circumstances, they deserve to be 

treated with respect and have a home; In this sense, demonstrate that excellence is essential in our 

performance, as it reflects our personal and social commitment. 

 

Strengthening university links and extension as a key factor 

 

The development of projects from design workshops in architecture schools offers a significant 

contribution to facing major social and environmental problems. However, for these projects to transcend 

and materialize into effective solutions, it is crucial that educational institutions establish robust alliances 

with various actors in the public and private sectors. University extension must act as a bridge that 

actively connects the university with the community, taking advantage of university culture including 

science, art and technology to transform socioeconomic systems and structures towards greater justice, 

dignity and ethics. 

 

The success of these projects depends on a joint effort between teachers, students and the 

educational institution itself. The extension and linkage department must go beyond conventional 

agreements with sectors for professional practices or social services, seeking deep integration with key 

sectors that facilitate the development of projects that generate tangible benefits for the community. 
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University extension, in its essence, encompasses the provision of services to the community, 

support for research and extension of teaching. This comprehensive approach allows architectural work, 

initiated in the classroom, to have a real impact on communities in need, promoting positive social 

changes. To achieve these objectives, it is essential to have the support and collaboration of local and 

global institutions, the public and private sectors and non-governmental organizations (NGOs). Only in 

this way can we ensure that architecture not only responds to contemporary challenges, but also drives 

significant change towards a more equitable and ethical future. (Fresan, 2004) 

 

3. Methodology  

 

The research is carried out from a mixed scientific approach. The selected samples will be characterized 

in detail, analyzing the operational parameters in their current state, giving importance to the human 

presence, to the relationship between man and the environment. 

 

Research principles and analytical, quantitative and qualitative methods are applied to evaluate 

the feasibility and potential benefits of university linkage and extension to redirect their actions and 

thereby promote and design a closer Architecture, with greater social impact. 

 

This research presented focuses on the importance of university linkage and extension for the 

development of architectural projects and the performance of the extension and linkage department of 

the Tecnológico de Estudios Superiores de Jocotitlán (TeSJo), through a comprehensive methodology 

that combines bibliographic analysis, newspaper analysis and statistical. To build the theoretical 

framework, an exhaustive review of the relevant literature was carried out and statistical information was 

collected from various institutional sources. Additionally, primary data collection was carried out 

through the application of a structured questionnaire, aimed at the TeSJo student population. 

 

The sample included architecture students with the objective of identifying and analyzing the 

importance of university links and extension with society and the educational sector. The data collection 

was carried out during the school period February - August 2024, providing a more accurate vision of 

the problem raised which aims to contribute to the understanding of the elements and propose strategies 

aimed at improving educational results in the institution. 

 

For the application of said instrument, a confidence level of 90% and a margin of error of 5% was 

applied to calculate the sample. According to Lipschutz (1999), a sample of 208 architecture students 

was taken since the population size is 450 students as described below (see table 1): 

 

Box 1 
 

Table 1  

Sample size of TeSJo architecture students 

 

Semester No. of students Sample size % 

2°  127 61 29 

4° 117 55 26 

6° 108 49 24 

8° 98 43 21 

 450 208 100 % 

 

                                         Source [Own elaboration according to quaktrics.xm,2024] 

 

4. Results 

 

Based on the 2019-2024 Institutional Development Program/Extension and Linkage Directorate, it 

mentions among its objectives the strengthening of links with the public, social and private sectors as 

well as the culture of entrepreneurship in order to support the development of the regions. Of the country 

and bring students and graduates closer to the labor market.  
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According to the items raised, the results are the following: 

 

a. Do you know the TeSJo university linkage and extension department? 

 

Box 2 
 

 
 

Figure 1 

Do you know the TESJo extension and linkage department 
                                          Source [Own elaboration according to quaktrics.xm,2024] 

 

University linkage and extension are essential for the effective integration of the university with 

the community and for the implementation of academic projects that have a significant impact. These 

features not only facilitate collaboration between academia and external sectors, but also allow students 

and design projects to align with social and community needs. 

 

However, the data reveal a worrying situation: 60% of the students surveyed not only do not know 

the physical location of the university linkage and extension department, but also the activities and 

agreements that it carries out. This lack of knowledge severely limits the potential of these programs to 

generate real and meaningful impact. The lack of visibility and accessibility of the department's activities 

prevents students from taking full advantage of the opportunities for participation and collaboration that 

could enrich their training and the development of socially responsible projects. 

 

For university outreach and outreach to effectively fulfill its role, it is imperative that educational 

institutions implement measures to increase the visibility and understanding of their activities. This 

includes more effective communication strategies and the creation of mechanisms that facilitate access 

to relevant information about agreements and collaboration opportunities. 

 

b. Did you know that the extension and linkage department has more than 121 agreements where 

you can carry out your social service and/or professional internships? 

 

Box 3  

 
Figure 2  

Social service and/or professional internships 
Source [Own elaboration according to quaktrics.xm,2024] 
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University connection and extension play a fundamental role in academic and professional 

training, particularly in the field of architecture. These functions not only facilitate the connection 

between the university and the community, but also allow design projects to be developed with a socially 

responsible approach, rescuing values and humanizing the built environment. 

 

The findings of the research reflect a critical reality: 157 of the students, representing 75% of 

those surveyed, are not aware of the agreements and activities carried out by the university linkage and 

extension department, while only 51 students, representing 25% % are aware of these agreements. This 

disparity in knowledge highlights a significant gap that can limit the potential of designed projects and 

the effectiveness of collaboration between the university and various sectors of society. 

 

The lack of information about agreements and collaboration opportunities indicates the need for 

greater visibility and communication by educational institutions. For university linkage and extension to 

fulfill its function optimally, it is essential that students and the academic community in general are fully 

informed about the available resources and the possibilities of participation. This greater clarity and 

accessibility can maximize the impact of design projects, ensuring that they not only respond to academic 

needs, but also effectively contribute to social development and improved quality of life. 

 

c. Did you know that this department offers community services, assistance services or academic 

outreach and that you can access these? 

  

Box 4 

 

 
Figure 3  

Community services, assistance services or academic outreach 
Source [Own elaboration according to quaktrics.xm, 2024] 

 

University linkage and extension are fundamental pillars for the integration of the university in 

the community, providing valuable services that range from academic and professional assistance to 

direct support for social needs. These services not only enrich academic training, but also strengthen the 

social fabric through the practical application of university knowledge and resources for the benefit of 

the community. 

 

However, the data obtained show a worrying lack of knowledge among students about these 

activities: 70% of them (145 students surveyed) are unaware of the services offered by the university 

linkage and extension department. This gap in knowledge significantly limits the potential of these 

services to positively impact both the community and the educational experience of students. The lack 

of information prevents students from accessing and taking advantage of resources and opportunities that 

could contribute to their professional and personal development, as well as the resolution of community 

problems.  

 

However, the data reveals an alarming disconnect between students and these vital activities. 

Despite the availability of resources and opportunities through university outreach and outreach, the 

majority of students have not participated in projects that integrate these services with their architectural 

projects.  
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This participation deficit limits the potential of projects to generate tangible benefits in the 

community and reduces the ability of students to apply their knowledge in practical and relevant contexts. 

 

The lack of experience in projects that directly link architecture with community or assistance 

services underlines the urgent need to strengthen integration and communication mechanisms between 

the university and students. It is imperative that educational institutions actively promote these 

opportunities and facilitate access to outreach and outreach programs that allow students to participate 

in architectural projects that respond to specific community needs. 

 

5. Conclusions and recommendations 

 

In the current context, architecture faces challenges that go beyond the mere conception of physical 

facilities and traditional academic programs. The need to highlight the connection and university 

extension in the development of design proposals arising from the classroom becomes imperative. This 

approach expands the scope of design projects, requiring that they not only meet technical requirements, 

but also be socially responsible. Integrating humanistic values and social consciousness into the design 

process allows these projects to not only respond to functional needs, but also foster a positive impact on 

the community. The capacity of the projects to rescue values and humanize the built environment 

underlines the relevance of university links as an essential pillar for the training of architects committed 

to social well-being. 

 

Developing design proposals that offer solutions to the major problems we face represents an 

effort that should not only be an institutional project, but rather find a way to transcend with the support 

and connection of the student with educational institutions and other important sectors such as 

governmental and non-governmental institutions, with private and public investment. 

 

These types of projects constitute a way to solve real problems from the classrooms, to raise 

awareness and sensitize students towards a humanizing Architecture, encouraging them to have a design 

response within the policy and operational parameters in their current state, giving it greater importance. 

To the human presence, to the relationship between man and the environment. We architects have to 

shape and give habitability to spaces, not only to contain life, but to strengthen this life; the most 

important thing in architecture and design in general is to contribute so that people feel safe, that they 

have that feeling of home and that they feel involved in it, even in complex situations. 

 

Taken together, the integration of university outreach and outreach with innovative approaches 

such as social architecture highlights a critical trend in the discipline: the need for design projects to 

transcend traditional boundaries and become effective tools for social change. This orientation not only 

contributes to a more comprehensive academic training, but also propels architecture towards a more 

ethical and socially conscious future. 

 

These types of projects constitute a way to solve real problems from the classrooms, to raise 

awareness and sensitize students towards a humanizing Architecture, encouraging them to have a design 

response within the policy and operational parameters in their current state, giving it greater importance. 

To the human presence, to the relationship between man and the environment. We architects have to 

shape and give habitability to spaces, not only to contain life, but to strengthen this life; the most 

important thing in architecture and design in general is to contribute so that people feel safe, that they 

have that feeling of home and that they feel involved in it, even in complex situations. 

 

Taken together, the integration of university outreach and outreach with innovative approaches 

such as social architecture highlights a critical trend in the discipline: the need for design projects to 

transcend traditional boundaries and become tools. University linkage and outreach is crucial to 

maximize its impact. By improving communication and access to information, students will be enabled 

to more actively participate in meaningful projects, thereby promoting architecture and professional 

training that are more closely aligned with the needs and challenges of the community.  

 

This approach will not only benefit students and the university but will also contribute to social 

development and progress towards a more equitable and just society. 
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The positive influence of university linkage and extension makes it crucial to address and close 

the existing knowledge gap. The implementation of more effective communication strategies and the 

active promotion of agreements can enhance the ability of students to get involved in meaningful projects, 

promoting an architecture that is more conscious and committed to the social and community 

environment. 

 

Effective measures for social change. This orientation not only contributes to a more 

comprehensive academic training, but also propels architecture towards a more ethical and socially 

conscious future. 

 

For university outreach and outreach to maximize its impact, it is essential that students are fully 

informed and engaged in the opportunities available. The effective integration of these services in 

architectural projects will not only enrich the academic training of students, but will also contribute 

significantly to social development, generating architectural solutions that respond to the true needs of 

the community. This close connection between academia and the community is critical to creating a more 

equitable environment and moving toward a more just and humanitarian future. 
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Abstract 

 

In this work, a methodology was developed for the manufacture of a composite from AA6061 in a combination of 

microparticles (3 ɛm) of residual Mullite/Zircon ceramic as a reinforcing agent. During the development, the Stir Casting 

technique was used to facilitate the homogeneous combination between matrix and reinforcement, a T6 treatment was also 

carried out, later the composite was analyzed by X-ray Diffraction (XRD), Scanning Electron Microscopy (SEM), Energy 

Dispersive Spectroscopy (EDS) and Optical Microscopy (OM) to verify the presence and distribution of the particles, finally 

hardness tests were carried out, the estimation of the grain size was carried out by means of computer software and the 

comparison of results between the alloy and the composite was carried out. 

 
Study of a composite material of AA6061 reinforced with residual refractory 

Objectives Methodology Contribution  

Manufacture the mullite/zircon waste ceramic 

composite by stir casting process. 
 

 

Create a homogeneous mixture between the matrix and 

the reinforcing agent by means of mechanical agitation. 

 

Obtaining a composite by reusing residual and recycle 

refractory. 

 

 
 

Characterize the AA6061 alloy, remelted alloy and 

composite by XRD and SEM. 

 

Determine the phases present and their present 

microstructure, and grain shape. 

 

Obtaining a composite with the best physical 

characteristics. 

 
 

Measure the hardness of AA6061 alloy, recast alloy 

and composite and determine the effect of reinforcing 

agent addition. 

 

 
 

Determine penetration resistance. 

 

 

 

A positive effect on mechanical properties in composite. 

 

 

 

Composite, AA6061 matrix, residual reinforced, hardness 

 
Resumen 

 

En este trabajo se desarrolló una metodología para la fabricación de un composite a partir de la AA6061 en combinación de 

micropart²culas (de 3 ɛm) de cer§mica residual Mullita/Zirc·n como agente de refuerzo, durante el desarrollo se emple· la 

técnica Stir Casting para facilitar la combinación homogénea entre matriz y refuerzo además se realizó un tratamiento T6, 

posteriormente se analizó el composite por Difracción de Rayos X (DRX), Microscopia Electrónica de Barrido (MEB), 

Espectroscopia de Energía Dispersiva (EDS) y Microscopia Óptica (MO) para verificar la presencia y distribución de las 

partículas, finalmente se realizaron ensayos de dureza, se realizó la estimación del tamaño de grano mediante software por 

computadora y se realizó la comparación de resultados entre la 

aleación y el composite. 

 
Estudio de un material composite de AA6061 reforzado con refractario residual 

Objetivos Metodología Contribución  

Fabricar el composite de cerámica residual de 

mullita/zircón mediante el proceso Stir casting. 

 
 

Crear una mezcla homogénea entre la matriz y el agente 

refuerzo por medio de la agitación mecánica 

 

Obtener un composite mediante el reusó y reciclaje de 

refractario residual. 

 

Caracterizar la aleación AA6061, aleación refundida y 

composite mediante DRX Y MEB 

 

Determinar las fases presentes y su microestructura 

presente, y forma de grano 

 

Obtención de un composite con las mejores 

características físicas. 

 

 
 

Medir la dureza de la aleación AA6061, aleación 

refundida y composite y determinar el efecto de la 

adición del reforzante. 

 

Determinar la resistencia a la penetración 

 

 

Un efecto positivo en las propiedades mecánicas del 

composite. 

 
 

 

Composite, matriz AA6061, refuerzo residual, dureza 
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1. Introduction  

 

The use of aluminium alloys in transportation is necessary due to mechanical, anticorrosive and low-

density properties. The AA6061 alloy provides high mechanical resistance, which is why it is used in 

means of transportation due to better alloys (Al-Mg-Si). Its high resistance-to-weight ratio is mainly used 

to replace chassis parts and external engine parts, rarely internal parts such as engine heads, pistons and 

gears, due to its low hardness and low mechanical resistance of the alloy. This generates the need to 

manufacture materials resistant to wear and deformations. In this work, a Metal Matrix Composite 

(MMC) was manufactured, using AA6061 as the matrix phase and Mullite/Zircon ceramic as the 

reinforcing phase, chosen for its high hardness and good resistance to high working temperatures 

(>660°C) allowing to modify the mechanical properties of this composite manufactured by the 

mechanical stirring method called by various authors as the stir casting process; the Mullite/Zircon 

ceramic particles are obtained from the moulds used in the investment casting process, also called the 

lost wax casting process; the residual ceramic powder from this process is an ideal option to be reused as 

a reinforcing phase for the manufacture of the composite with better properties to provide the applications 

with greater performance, wear resistance and durability. 

 

The 6061 aluminium alloy is a heat-treatable alloy because it contains the elements of silicon and 

magnesium, so its mechanical properties are conditioned by the tempering of this material. Originally 

this alloy was called ñ61Sò and originated in 1935 (Sanders, 2001). It stands out for its good mechanical 

properties, structural hardness and good resistance to corrosion as well as welding applications. It is one 

of the most common aluminium alloys today, known as structural aluminium (Wang et al., 2024).  

 

The raw material used as reinforcement in this composite is the highly refractory residual ceramic 

Mullite/Zircon from the aluminosilicate family with high hardness and thermal shock resistance 

properties. The ceramic is obtained from the residues of the ceramic moulds from the Investment Casting 

process known as lost wax casting, used to cast unconventional or difficult-to-machine parts (Kaila and 

Dave, 2021). Historically a process known as semi-solid metallurgy was in fashion in the 1980s, the 

development of Metal Matrix Composites (MMC) began as a set of combinations to traditional casting 

and forging processes with the aim of generating a characteristic microstructure by adding microparticles 

to the compound, currently this process has been carried out by various researchers calling it Stir Casting 

using a system of blades for agitation between the matrix and the reinforcement (Prieto, 2012). Ceschini 

et al., 2017 used the Stir Casting method obtaining a mullite composite using a particle size of 23 nm, 

the properties obtained were greater hardness and compressive strength. Shirvanimoghaddam, 2016 

determined that the aluminium composite with ceramic microparticles such as B4C, TiB2 and ZrSiO4 

(zircon) at 5% by weight support higher loads due to the union of the particles dispersed mainly in the 

grain boundaries, the reinforcement has shown improvements in its properties also increasing the tensile 

strength by 51% and hardness by 125%. E.A. Caneo, 2017 developed a 0.5% Al2O3 AA6061 matrix 

composite with a particle size of 20 nm by the Stir Casting method in addition to applying a T6 temper 

obtaining a higher modulus of elasticity than the original alloy highlighting that the nanoparticles that 

are distributed in the phase receive part of the applied load compared to the one that has no reinforcement. 

 

Gopi et al., 2013 obtained a composite of AA6061 matrix (50 BHN initial) with zircon and 

graphite particles with particle sizes between 10 to 20 ɛm, they used zircon for its high hardness, high 

modulus of elasticity, excellent thermal stability. The results showed that Brinell hardness improved to 

73.5 BHN by adding 4 and 6% by weight of zircon while maintaining a constant 2% of graphite.  

 

It showed an improvement in wear resistance of 35% with a wear speed of 400 rpm. Das et al., 

2014 prepared a mechanically stirred composite from AA6061 with 10% SiC particles of 63 ɛm size, 

applying a T6 treatment at 550°C for 45 min and aging at 180°C for 8 h, and obtaining a maximum tensile 

strength, highest mechanical strength of 257 MPa and a straightness of 115 BHN. Mainly, the advances 

in composites with aluminium matrix have focused on using weight percentages (1% to 20% by weight) 

of SiC and Al2O3 (with a particle size of 15-30 ɛm) to modify the tribological and mechanical properties 

in A359, 2000 series and 6000 series aluminium alloys.  

 

 

 

 



68 

 

 

It was determined that the tribological resistance to wear increased, the Vickers hardness of the 

aluminium matrix increased, the toughness of the material was raised with a minimum of 10% of SiC 

particles, the tensile strength increased more than in conventional alloys (Khalili et al., 2020); However, 

the nucleation and dispersion of the particles are almost homogeneous and they present porosity in the 

microstructure. Reddappa & Ramesh, 2013 developed a composite of AA6061 with SiC and Al2O3 

manufactured by the Stir Casting process obtaining a microstructure with uniform dispersion of particles, 

concluding that these influence the mechanical and physical properties of the material. 

 

Akkurt, 2015 developed 1350-H19-Zn-Al2O3 composites by the Stir Casting process at 700 rpm 

for 7 min, varying from 0%, 6% and 12% by weight and Zn at 5%, the value of the hardness (BHN) 

increases (from 46 to 52 BHN) as the percentage of Al2O3 increases. Bharathiraja & Xavior, 2024, 

produced a composite with a matrix of AA6061 and Al2O3 (24 ɛm) using the Stir Casting process 

analysing the wear tests in a pin-on-disc testing machine (60HRC), the results showed a considerable 

increase in the wear resistance of 67% at 20N and 50% at 25 N. Muzeer & Sivaganesan, 2022, analysed 

the tribological behaviour of AA6061-based metal matrix composites and reinforcements of 2%, 4%, 

and 6% ZrO2 (20 ɛm) particles and 4%, 8%, and 12% SiC (80 ɛm) in pin-on-disc tests (60HRC) (400 to 

600 rpm), and concluded that the wear rate of Al6061 + 6% ZrO2 + 12% SiC hybrid composites is lower 

than that of unreinforced aluminium alloys. 

 

In general, aluminium alloys such as AA6061 have good mechanical strength and relatively low 

hardness regardless of their chemical composition, giving them little resistance to wear and making it 

impossible to use in applications that require it. Thus, a composite with a matrix of aluminium alloy 6061 

(AA6061) was obtained by means of the Stir Casting process using 1% by weight of residual mullite 

(Al6Si2O13)/zircon (ZrSiO4) ceramic as reinforcement. 

 

2. Methodology 

 

2.1 Materials 

 

The raw material used was AA6061 from the metals company with a purity of 95.6% and the alloying 

elements shown in Table 1. 

 

Box 1 
 

Table 1  

Chemical composition of aluminum 6061 
 

Si Fe Cu Mn Mg Cr  Zn Ti  Otros Al  

0.4-0.8 0.7 .15-0.4 0.15 0.8-1.2 .04-.35 0.25 0.15 0.15 95.6 
 

Source Own 
 

The ceramic waste (CW) was obtained from a manufacturing investment casting process. The 

chemical composition of ceramic waste was determined by X-ray Fluorescence spectrometry technique, 

using a Philips PW 1404 X-ray fluorescence spectrometer using a voltage regime of 100 kV and 100 mA 

of current, to determine: Al, Si, Zr, Fe, Na, Ca, K, Mg and Mn. 
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Box 2 
 

Table 2 

Composition of ceramic waste, (CW) 
 

Elements No. Charter DRX wt. %  

Al 6Si2O13 (mullite) 

ZrSiO4 (zircon) 

SiO2 

Fe2O3  

CaO 

MgO2 

TiO2 

MnO2 

00-015-0776 

780-790 

00-027-0605 

82-0598 

 

00-019-0771 

00-034-01807 

00-043-1455 

80 

16 

0.9 

0.7 

0.9 

0.5  

0.5 

0.5 
 

Source Own 
 

2.2 Preparation of the Stir Casting process 

 

The composition of the residual refractory was determined to be 1% Mullite/Zircon powders. The 

powders were then dried in an autoclave at 130°C for 20 min. A stirrer with a blade angle of 135° with 

respect to the X axis was used, in such a way as to allow a continuous flow at the bottom of the crucible. 

 

The objective of stir casting is to create a homogeneous mixture between the matrix and the 

reinforcing agent by means of mechanical agitation. The melting process was temperature was raised to 

800 °C. Argon atmosphere was introduced to generate an inert atmosphere so that the oxygen present in 

the environment does not react with the aluminum and the furnace resistors. The addition of particles 

was carried out by removing the slag and adding them. 

 

2.3 Heat treatment composite 

 

The solubilization treatment was carried out using a Thermolyne brand electric oven, model 48000, at a 

temperature of 560 °C for 3 hours, then tempering was carried out in ice water, ensuring rapid cooling.  

Subsequently, the artificial aging heat treatment was carried out. For this experiment, the temperature of 

the samples was raised to 175 °C for 15 min, 30 min, 1 h, 3 h, 5 h and 8 h, to analyze the hardness 

behavior at each established time and the effect of the residual refractory. 

 

2.4 Optical Microscope and Scanning Electron Microscope Characterization 

 

A conventional optical microscope, Velab brand, model VE-407+VE-LX1000, is used to observe a 

surface finish free of imperfections, determine its present microstructure and grain shape. A JEOL brand 

Scanning Electron Microscope, model JSM IT100, with a working distance of 16 mm and voltage of 20 

Kv, was used to verify and analyze the morphology of the phases present, determining the area, 

distribution of the ceramic particles and precipitates present on the matrix-reinforcement surface of the 

material, obtaining micrographs of AA6061, AA6061-Refused and Composite. 

 

2.5 X-ray Diffraction Characterization  

 

A Bruker D8 Discover X-ray Diffraction equipment was used with a Cu KŬ radiation of 1.5456 nm, from 

20 to 80° 2 theta, a voltage of 40 kV, 30 mA to determine the phases present and their crystallographic 

orientation of the AA6061 samples and the composite. 

 

2.6 Hardness test 

 

A CMS Metrology brand HR-45/150D model durometer was used to determine the HRB scale 

penetration resistance for the AA6061 alloy and the composite. A steel ball indenter with a diameter of 

1.58 mm and an applied load of 100 kg/f for 10 seconds was used in accordance with the recommendation 

of the ASTM Rockwell Hardness E-18 standard (E28 Committee, 2024). In sections and b the CMS 

Metrology durometer is observed performing the indentation. 
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3. Results 

 

3.1 Microstructural and distribution of particles in composite analysis. 

 

The figure 1 shown the micrograph of the supplier's AA6061-T6 (extruded by the manufacturer) is shown 

showing few precipitates (black dots: blue circles) and little revelation of grain boundaries due to the 

absence of chemical attack. In the supplier's AA6061-T6 with chemical attack is shown, it is 

characterized by having the phases: Ŭ (light yellow colour) + Mg2Si (black dots: blue circles) + Fe3SiAl12 

(light grey dots: green circles) according to the cited authors (Suresh & Moorthi, 2013, Lee et al., 2023). 

 

Box 3 

 

 
 

Figura 1 

MO micrograph AA6061 Supplier with chemical attack 40x. 
Source Own 

 

In the figure 2, the AA6061-T6 remelted the surface of the alloy with Keller chemical attack is 

observed with the precipitates (green circles) and corresponding grain boundaries. 

 

Box 4 

 

 
 

Figura 2 

MO micrograph AA6061 supplier with chemical attack 40x 
Source Own 
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Figure 3 shown corresponds to the composite with chemical attack with grain boundaries, both 

figures showing irregularly shaped brown Mullite/Zircon microparticles (blue circles) and precipitates 

corresponding to AA6061 (green circles). 

 

Box 5 

 

 

 

Figura 3 

MO micrograph of composite 40x 
Source Own 

 

3.2 Phases in the composite by X-ray diffraction (XRD) . 

 

The XRD spectrum is observed with representative peaks of the residual Mullite/Zircon ceramic powders 

identified with the crystallographic charts located in the appendix section (David Raja Selvam et al., 

2013, Suresh & Moorthi, 2013), corresponding to the Mullite compounds in green letters and Zircon in 

black letters, see figure 4. 

 

Box 6 

 

 

 

Figura 4 

Pattern diffraction of residual Mullite/Zircon ceramic 
Source Own 

 

In Figure 5, the XRD spectrum of AA6061-T6-Supplier, and 0 AA6061-Remelted is observed 

with the representative peaks of aluminum identified with the crystallographic chart in the annexes 

section, showing in each peak the position of the 2Theta angle and crystallographic coordinate, for the 

first peak 38.47 (111), second 44.74 (200), third 65.13 (220), and fourth 78.23 (311). 
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Box 7 

 

 

 

 

Figure 5 

Pattern diffraction of a) AA6061-T6-Supplier alloy and b) AA6061 

melting 

Source Own 

 

In the figure 6, the spectrum is observed with the peaks representing aluminium (peaks with a 

star) and ceramic powders (peaks with circles) identified with the crystallographic charts located in the 

appendix section. 

 

Box 8 

 

 

 

Figura 6 

Pattern diffraction of composite 

Source Own 

 

a)

b)
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3.3 Phases, morphology and distribution of particles in composite by Scanning Electron 

Microscopy (SEM-EDS) 

 

The Mullite/Zircon microparticles were analysed by SEM, figure 7, showing their irregular morphology 

and rough surface of different sizes (4,6,15,26 ɛm), the punctual EDS analysis shows the elements: 

aluminium, zircon, silicon and oxygen that correspond to the areas marked in yellow boxes of the 

micrograph. 

 

Box 9 

 

   

 

Figura 7 

Elementary composition, size and morphology in refractory residual 

particles 
Source Own 

 

In the micrograph of the figure 8 without chemical attack, the Mg2Si precipitates are observed 

(black dots enclosed in green circles) and the Ŭ phase in gray color mentioned by the authors cited (Suresh 

& Moorthi, 2013), the punctual EDS analysis obtained in which the elements of magnesium and silicon 

stand out, correspond to the Mg2Si precipitates of the AA6061.  

 

Box 10 

 

  

 

Figura 8 

Elementary composition, size and morphology AA6061 supplier alloy 

Source Own 

 

Figure 9, the micrograph was observed with little revelation of precipitates and grain boundaries 

marked in yellow circles due to the absence of the Keller chemical attack and punctual EDS analysis 

(right) shows the elements Al, Mg, Si, in the areas marked in green boxes (left). 

 

 

 

 

 

 

 

 



74 

 

 

Box 11 

 

    

 

Figura 9 

Elementary composition, size and morphology in AA6061 melting alloy 

Source Own 

 

Figure 10, the mullite/zircon particles with an average size of 3.4133 ɛm are observed, distributed 

homogeneously within the AA6061 matrix marked in blue circles, as well as a certain porosity in yellow 

circles. The punctual EDS spectrum in which the elements Silicon and Oxygen stand out corresponds to 

the areas of green boxes. 

 

Box 12 

 

  

 

Figura 10 

Elementary composition, size and morphology in composite 
Source Own 

 

3.4 Effect of reinforcement on composite grain zise and hardness. 

 

In Figure 11, the average results for the hardness tests of AA6061-Remelted and composite are shown, 

the values of grain area reduction with respect to the treatment time of each sample are observed; the 

green line corresponds to the composite with a standard deviation of 9,562.43231 ɛm² and the yellow 

line corresponds to the remelted alloy with a standard deviation of 13,141.564 ɛm². 
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Box 13 
 

 
 

Figura 11 

Change of zise of grain during aged heat treatment 
Source Own 

 

The figure 12 shows the results of HRB hardness measurements on the re-melted AA6061 alloy 

and the AA6061/residual ceramic composite. The results indicate that for the aging sequence of the 

AA6061-R alloy the hardness remains almost constant, since it starts at 0.25h at 49.2 HRB, and for a 

time of 8h the hardness was 48.9 HRB, see figure 10. The hardness of the AA6061/residual ceramic 

composite material starts at 0.25h with 9.04 HRB and for the time of 8h 61.63 HRB. Thus, the change in 

hardness is due to two factors: 1) the residual ceramic particles are an obstacle to generate deformation, 

and 2) the generation of more grain boundaries, i.e. smaller grains, is promoted, which produces an 

obstacle to the movement of dislocations. 

 

Box 14 

 

  

Figura 12 

Change of hardness during aged time. 
Source Own 

 

Conclusions 

 

- The grain refinement is notable as the exposure time of the artificial aging increases, contributing 

to the increase in hardness of the composite and AA6061-Recast. 

 

- An initial grain area for the AA6061-Recast of 35,200 ɛmĮ was obtained in the 15 min sample 

and 432.08 ɛmĮ in the 8 h sample, an initial grain area of the composite of 24,870 ɛmĮ in the 15 

min sample and 533.92 ɛmĮ in the 8 h sample. 
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- The results indicate that the composite reinforced with Mullite/Zircon microparticles increases 

the hardness of the material, increasing its value by 26% with respect to the AA6061-Remelted 

after 8 hours of exposure to the artificial aging treatment. 

 

- The highest hardness results were obtained after 8 hours of artificial aging for the composite 

(61.63 HRB) and 3 hours for the AA6061 (51.28 HRB). 

 

- According to the results and background presented, the incorporation of reinforcements to the 

MMC increases mechanical properties, used to overcome limitations of the matrix material such 

as greater rigidity and wear resistance. 
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Abstract 

 

Semiconductors are found in integrated circuits and in a wide range of everyday products, such as cell phones and tablets. 

They are mainly made from silicon and germanium, using sophisticated laboratories to obtain them. Metal oxides have been 

the subject of extensive studies due to their optical and electrical properties, making them promising materials for the 

development of alternative energies. Cupric oxide (CuO) is a p-type semiconductor that exhibits excellent characteristics. 

Various CuO synthesis techniques exist, such as laser ablation, sputtering, thermal oxidation and chemical solutions. This 

research aims at the synthesis of copper oxide (CuO) using the sputtering technique, as well as the characterization of the 

obtained material by X-ray diffraction (XRD) to evaluate its purity. In addition, the DMAIC methodology is applied, which 

includes the steps of Define, Measure, Analyze, Implement and Control, in order to standardize the thermal oxidation process 

and ensure the repeatability of the samples. 

 

 
 

Semiconductors, DMAIC, characterization, diffraction 

 

Resumen 

 

Los semiconductores están presentes en circuitos integrados y en una amplia gama de productos de uso diario, como teléfonos 

celulares y tabletas. Estos se fabrican principalmente a partir de silicio y germanio, utilizando laboratorios sofisticados para 

su obtención. Los óxidos metálicos han sido objeto de extensos estudios debido a sus propiedades ópticas y eléctricas, lo que 

los convierte en materiales prometedores para el desarrollo de energías alternativas. El óxido cúprico (CuO) es un 

semiconductor tipo p que exhibe excelentes características. Esta investigación tiene como objetivo la síntesis de óxido de 

cobre (CuO) utilizando la técnica de pulverización catódica, así como la caracterización del material obtenido mediante 

difracción de rayos X (DRX) para evaluar su pureza. Además, se aplica la metodología DMAIC, que incluye los pasos de 

Definir, Medir, Analizar, Implementar y Controlar, con el propósito de estandarizar el proceso de oxidación térmica y asegurar 

la repetibilidad de las muestras. 

 

 
 

Semiconductores, DMAIC, caracterización, difracción 



80 

 

 

1. Introduction  

 

Semiconductors are a special class of elements whose conductivity lies between that of a good conductor 

and that of an insulator. In general, semiconductor materials fall into two categories: single-crystal 

semiconductors and compound semiconductors. Single-crystal semiconductors, such as germanium (Ge) 

and silicon (Si), have a repeating crystal structure. On the other hand, compounds, such as gallium 

arsenide (GaAs), cadmium sulfide (CdS), gallium nitride (GaN) and gallium arsenic phosphide (GaAsp), 

consist of two or more semiconducting materials with different atomic structures. 

 

In the first decades after the discovery of the diode in 1939 and the transistor in 1949, germanium 

was used almost exclusively because of its availability and ease of refining, which allowed high levels 

of purity to be obtained. However, diodes and transistors made from germanium were found to be 

unreliable, especially because of their sensitivity to temperature changes. The situation changed in 1954, 

when the first silicon transistor was introduced, which quickly became the semiconductor material of 

choice, as it is not only less sensitive to temperature, but also one of the most abundant materials on 

Earth. Over time, electronics began to demand higher operating speeds. Computers were operating at 

higher and higher speeds, and communication systems required higher performance. In response to this 

need, the first GaAs transistor was developed in the early 1970s, which could operate at speeds up to five 

times faster than silicon [1]. 

 

The entire electronics industry depends on semiconductors, as electronic devices and integrated 

circuits (ICs) are made from these materials [2]. Although research on the aforementioned 

semiconductors exists, the search for new elements with specific characteristics and repeatable, reliable, 

standardized and low-cost procurement methods continues. Recently, a particular interest in copper 

oxides as semiconductor materials has emerged due to their promising optical and electrical properties, 

which make them suitable for the development of alternative energies. In particular, cupric oxide (CuO) 

is a p-type semiconductor (Eg = 1.2 eV) that exhibits excellent photovoltaic, electrochemical and 

catalytic properties. Among its outstanding applications are batteries, solar cells, gas sensors, biosensors, 

nanofluids, catalysis and environmental processes, as it facilitates the removal of arsenic and organic 

pollutants in water. In addition, CuO is inexpensive, non-toxic and easy to obtain [3][4]. 

 

The properties of CuO are highly dependent on the morphology and size of the films, influenced 

by the deposition process [5]. Various techniques exist for CuO synthesis, such as laser ablation, 

sputtering, thermal oxidation and chemical solutions. However, it remains a challenge to develop simple 

methods for the fabrication of uniform nanomaterials that are cost-effective and enable large-scale 

production [6]. 

 

The present investigation has as objective the synthesis of copper oxide (CuO) by means of two 

deposition techniques, emphasizing the sputtering. In addition, the material obtained will be 

characterized through X-ray diffraction to determine its purity. The methodology was standardized using 

the Lean Six Sigma (DMAIC) technique, in order to ensure the reproducibility, repeatability and 

reliability of the results. The Six Sigma methodology has its roots at Motorola in the 1980s, developed 

by engineer Bill Smith to improve quality and reduce product defects. Six Sigma focuses on decreasing 

variability in processes to achieve more consistent quality, using statistical methods and techniques such 

as DMAIC (Define, Measure, Analyze, Improve, Control), regression analysis and statistical process 

control [7]. 

 

The combination of Lean and Six Sigma occurred in the 1990s, when organizations such as 

General Electric adopted both methodologies to leverage their complementary strengths. The idea was 

to integrate the efficiency of Lean with the quality and variability reduction offered by Six Sigma [8]. 

Lean Six Sigma methodology is commonly used in business environments to identify and solve 

problems, improve product and service quality, reduce operating costs, and increase customer 

satisfaction. By implementing these practices, organizations can achieve greater efficiency and 

competitiveness in the marketplace. Process optimization involves improving and refining an 

organization's systems, activities and operations with the goal of achieving more efficient, effective and 

profitable performance. This approach seeks to maximize efficiency, minimize waste, reduce costs, 

improve quality, and better meet customer needs [9]. Some key aspects of process optimization include: 
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1. Identification of Improvements: 

 

- Analyze existing processes to identify areas for improvement. 

- Identify activities that do not add value and look for ways to eliminate or reduce waste. 

 

2. Operational Efficiency: 

 

- Optimize the sequence of activities to minimize the time and resources required. 

- Improve productivity and reduce bottlenecks in the workflow. 

 

3. Cost Reduction: 

 

- Identify opportunities to reduce operating costs and eliminate unnecessary expenses. 

- Improve resource utilization to achieve economic efficiencies. 

 

4. Continuous Improvement: 

 

- Adopt a continuous improvement mindset, where optimization is an ongoing process and not a 

one-time event. 

- Implement feedback and metrics to evaluate performance and make continuous adjustments. 

 

5. Product or Service Quality: 

 

- Focus on improving quality to meet or exceed customer expectations. 

- Implement quality controls and feedback mechanisms to prevent defects. 

 

6. Technology and Automation: 

 

- Utilize innovative technologies and automated solutions to improve efficiency and accuracy. 

- Integrate systems to facilitate communication and data exchange. 

 

7. Customer Satisfaction: 

 

- Consider customer needs and expectations when designing and optimizing processes. 

- Measure customer satisfaction and adjust processes based on feedback and results. 

 

8. Change Management: 

 

- Effectively manage organizational change that may arise when optimizing processes. 

- Involve employees in the improvement process and provide the necessary training. 

 

Process optimization is essential for the competitiveness and long-term success of an 

organization, as it enables it to adapt to changes in the business environment, improve efficiency, and 

meet changing customer demands. 

 

In the field of project management and information systems development, efficiency and 

effectiveness in the execution of tasks and the achievement of objectives are critical to the success of any 

initiative. The DAMIC methodology, which is broken down into the stages of Definition, Analysis, 

Modeling, Implementation and Control, is presented as a robust and structured approach to address 

complex projects. This methodology is distinguished by its ability to provide clear and systematic 

guidance at each stage of development, facilitating optimal coordination and resource management. 

 

The first phase, Definition, is crucial to establish the objectives and scope of the project, ensuring 

that all stakeholders have a common understanding of the requirements and expectations [10]. In the 

Analysis stage, a detailed assessment of system needs is performed and potential challenges are identified 

[11]. Modeling, next in the sequence, involves creating detailed representations of the system to ensure 

that they align with the defined requirements [12].  
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Implementation focuses on the practical execution of the project, while Controlling ensures that 

the project stays on track and within the established parameters [13]. 

 

2.  Development  

 

To begin the analysis of the process of obtaining CuO, each stage involved was observed and evaluated. 

On this basis, the Ishikawa diagram was used to identify, organize and represent in a structured manner 

the possible causes of a specific problem in the process. As shown in Figure 1. 

 

Box 1 
 

 
 

Figure 1 

Ishikawa Diagram 

 

From this, some of the problems present in the thermal oxidation process were identified. These 

problems were linked to the stages of the DMAIC methodology, as shown in Figure 2. 

 

Box 2 
 

 
 

Figure 2 

Evaluation of the DMAIC Methodology  
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Obtaining cupric oxide (CuO) by sputtering 

 

As a result of the analysis carried out in the thermal oxidation process, several points of improvement 

were identified. Consequently, a modification of the procedure for obtaining the p-type CuO 

semiconductor is proposed. The proposal includes the incorporation of the Auto Sputter Coater 

equipment, the use of quartz substrates, general cleaning, and the sizing of the target for copper 

deposition, ending with the thermal oxidation stage and characterization by X-ray diffraction (XRD). See 

Figure 3. 

 

Box 3 
 

 
Figure 3 

Diagram of the process of obtaining CuO by sputtering 

 

The proposed Sputtering Method is shown below, see Figure 4. 

 

Box 4 
 

 
 

Figure 4 

Process for obtaining CuO by sputtering 
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2.1 Substrate preparation  

 

In this stage it was proposed to replace the copper foil substrates with 10 x 10 mm quartz substrates. The 

preparation of was performed in several stages: cleaning and degreasing using Xylene C6H4 (CH3)2, 

Acetone (CH3)2CO and Methanol CH3OH this to remove the residues of xylene and acetone. 

 

2.2 Construction of CuO blank for Agar Auto Sputter Coater equipment 

 

For this stage, a commercial copper foil was used for the construction of the copper blank, which has a 

thickness of 300 ɛm and a purity of 99.99%.  

 

The copper blank was thinned from 300 ɛm to approximately 100 ɛm, from a mixture of ferric 

chloride and distilled water; the solution was stirred for two hours in controlled oscillation. 

 

The Cu blank was cut and conditioned to Ø = 57 ɛm and 100 ɛm. See Figure 5. 

   

Box 5 
 

 
 

Figure 5 

Construction of Cu target for sputtering equipment  

                                                             

2.3 Conditions and CuO Deposition 

 

In this stage, the use of the Agar Auto Sputter Coater equipment was implemented, see Figure 6. As a 

result of the analysis, the following conditions were proposed for Cu deposition: 30mA of current, 

0.1mbar of vacuum pressure in ambient atmosphere. In addition, deposition times were performed in 5 

minutes sessions. See Table 1. 
 

Box 6 
 

 
 

Figure 6 

Agar Auto Sputter Coater sputtering equipment 
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Figure 7 shows how the deposition of CuO on the quartz substrate is carried out. 

      

Box 7 
 

 
 

Figure 7 

Deposition chamber  
 

 Figure 8 below shows the coating on the substrate after deposition.  

 

Box 8 
 

 
 

Figure 8 

Quartz substrate with deposition of CuO 
 

Box 9 

 

Table 1 

Deposition times 

 
No. Substrate Time Distance 

M1 Quartz 30 minutes 5mm 

M2 Quartz 45 minutes 5mm 

M3 Quartz 60 minutes 5mm 

M4 Quartz 75 minutes 5mm 

M5 Quartz 90 minutes 5mm 

 

2.4 Equipment conditions and preparation 

 

The following is a list of the conditions, preparation and operation of the work equipment. See Figure 9. 
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Box 10 
 

 
 

Figure 9 

Equipment Mounting Conditions  

 

To carry out the oxidation process by sputtering, in the assembly stage, a quartz tube was used in 

which three marks were placed, at 7cm, 20cm and 20cm, these ensure that the tube is symmetrical to 

place it inside the furnace. See Figure 10. 

 

Box 11 
 

 
 

Figure 10 

Quartz tube markings for mounting in oxidation  

 

A Teflon lid was also placed at the end closest to the mark in order to connect a hose, through 

which the air supply was made by means of a compressor. The quartz substrates were placed on the 

quartz canoe which with the help of a rod was placed on the mark two, the substrates were located in the 

center of the furnace. See Figure 11. 

 

Box 12 
 

 
Figure 11 

Position of the quartz canoe within the quartz tuve. 

 

2.5 Thermal Oxidation Process 

 

In order to obtain cupric oxide (CuO) by thermal oxidation, it was carried out in a high temperature 

furnace.  

 

 

 

 

Materials

ÅSubstrate= 10mm x 10mm quartz

substrate

ÅQuartztube(65cmx =1.5 cm)

ÅQuartz Canoe = concave quartz

fragment(0.8 mm x 5 mm x 0.1 mm)

ÅHigh temperature furnace CMOD-

HAT-1100D25 = (40 cm x 20 cm x

20cm)

Parameters

ÅTemperature= 1000° C

ÅAtmosphereair flow = 200sccm(standard

cubiccentimetersperminute)

ÅOxidationtime = 24hours

ÅNaturalcooling
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A hose is connected to the attached lid and air is made to flow through the tube for 2 minutes 

(Figure 12), before introducing the tube into the furnace (the flow must remain continuous until the 

oxidation process is finished). 

 

Box 13 
 

 
 

Figure 12 

Connecting the hose to the pipe  

 

The oven is turned on and programmed at a temperature of 1000°C (Figure 13), for a time of 5 

minutes; at the end of this time, the quartz tube is introduced into the oven to start the oxidation process 

and the opposite lid is placed on the tube. 

 

Box 14 
 

 
 

Figure 13 

Furnace programming at a T° =1000°C 

 

Once the 24-hour period has elapsed without interruption, the furnace is turned off and the air 

flow is cut off, allowing the samples to cool to room temperature, thus avoiding thermal shock and being 

able to extract the quartz tube and the cupric oxide samples obtained by the procedure. Figure 14 shows 

the complete system for the oxidation of copper substrates. 
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Box 15 
 

 
 

Figure 14 

System for oxidizing substrates with continuous air flow 

 

Below is the plan view of the prototyping laboratory layout after the application of the DMAIC 

methodology. See Figure 15. 

 

Box 16 
 

 
 

Figure 15 

Plan view of the prototyping laboratory 

 

3.  Validation of improvements with DMAIC implementation  

 

CuO sample - 30min  

 

In Figure 16 corresponds to the Cu deposit sample, which was obtained with the help of the Sputtering 

equipment with 30 minutes of Cu deposit time, later the sample went through a thermal oxidation process, 

obtaining as a result CuO having an Oxford gray color where in turn are shown sections in which quartz 

is still shown because in those areas there is no deposit of the CuO material, concluding that the deposit 

time is very low to generate a continuous layer. 
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Box 17 
 

 
 

Figure 16 

CuO Physical Sample - 30min  

 

Figure 17 shows the results obtained by X-Ray Diffraction in which we have characteristic peaks 

at 2 theta = 36.06, 39.21, 49.27, 54.10, 62.01, 66.39 and 68.48 corresponding to the (-111), (200), (-202), 

(020), (-113), (-311) and (-220) planes respectively of the CuO material according to the diffraction card 

00-045-0937. 

 

Box 18 
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Figure 17 

Diffractogram sample CuO - 30min  

 

MEB Figure 18 of the CuO sample shows a defined crystal structure at a magnification of x230, 

the surface is continuous with irregularities, as well as high contrast zones characteristic of regions with 

higher accumulation of material. 
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Box 19 
 

 
 

Figure 18 

Surface MEB of CuO sample - 30min  

 

Similarly, in Figure 19 of the MEB of the CuO sample there is an area where the brightness of 

the substrate stands out, indicating that in that area there is no adhesion of the material, showing only the 

quartz that is used as a substrate. 

 

Box 20 
 

 
 

Figure 19 

Surface MEB of sample 2 CuO - 30min  

 

Figure 20 of CuO MEB shows the side of the quartz substrate where gray zones can be seen 

interpreting the deposit of the material, while the bright zones show the quartz substrate. 
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Box 21 
 

 
 

Figure 20 

Lateral MEB of CuO sample - 30min  

 

The EDS analysis reveals the predominant presence of copper (Cu) and oxygen (O) corresponding 

to the deposited material, as well as silicon (Si) material corresponding to the quartz substrate, not 

detecting other significant elements in the spectrum. See Figure 21. 

 

Box 22 
 

 
 

Figure 21 

EDS of CuO elements - 30min  

 

The Raman analysis of the CuO sample reveals characteristic peaks of the material that 

correspond to the vibrational modes of stretching and bending in the CuO structure, as well as a 

comparison between the graph obtained from the measurement and a graph corresponding to the database 

of the equipment. See Figure 22. 

 

 

 

 



92 

 

 

Box 23 
 

 
 

Figure 22 

Raman CuO - 30min  

 

CuO - 90min sample 

 

In Figure 23 corresponds to the Cu deposit sample, same material that was obtained with the help of the 

Sputtering equipment with 90 minutes of Cu deposit time, later the sample went through a thermal 

oxidation process, obtaining as a result CuO having an Oxford gray color where at the same time sections 

are shown in which the deposited material is detaching for having excess mass on the surface of the 

quartz, concluding that the deposit time is too much. 

 

Box 24 
 

 
 

Figure 23 

Physical sample CuO - 90 min  

 

Figure 24 shows the results obtained by X-Ray Diffraction in which there are characteristic peaks 

at 2 theta = 32.66, 35.73, 38.84, 48.98, 53.69, 58.40, 61.73, 66.38, 68.25 72. 55 and 75.40 corresponding 

to the (-110), (-111), (111), (200), (-202) (020), (202), (-113), (-311), ( -220), (311) and (-222) planes of 

the CuO material according to diffraction sheet 00-045-0937. 
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Box 25 
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Figure 24 

Diffractogram sample CuO - 90min  

 

Figure 25 of MEB of the CuO sample, where the material layer is peeling off due to excess 

material and lack of mechanical adhesion on the silicon substrate. 

 

Box 26 
 

 
 

Figure 25 

Surface MEB of CuO sample - 90 min  

 

Similarly, in Figure 26 MEB of the side of the sample, the CuO particles appear in the form of 

nano-rolls, a characteristic pattern in the deposit of this material. 
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Box 27 
 

 
 

Figure 26 

Surface MEB of sample 2 CuO - 90 min  

 

In Figure 27 obtained in MEB we can observe the accumulation of the deposited material forming 

a continuous layer, but with an irregular surface since there is more accumulation of deposited material 

in certain regions of the sample. 

 

Box 28 
 

 
 

Figure 27 

Surface MEB of sample 3 CuO - 90 min  

 

Also, Figure 28 of the SEM of the lateral surface shows the difference between the quartz 

substrate which is the shiny part of the image and the gray part is the CuO layer showing a continuous 

layer of the same material mentioned above. 

 

 

 

 



95 

 

 

Box 29 
 

 
 

Figure 28 

CuO lateral MEB - 90 min  

 

Figure 29 obtained in MEB shows an accumulation of CuO material with irregular surface 

forming small mountains of material, but with the same deposition pattern. 

 

Box 30 
 

 
Figure 29 

MEB Surface of sample 4 CuO - 90 min  

 

Figure 30 obtained by EDS shows the elements obtained in the analysis of the sample, 

highlighting the materials; copper Cu and oxygen O corresponding to CuO and the element Silicon Si 

corresponds to the quartz substrate. 
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Box 31 
 

 
 

Figure 30 

EDS of CuO elements - 90 min  

 

The Raman spectroscopy characterization technique was performed to identify and characterize 

the material and was compared with the equipment database which corresponds to CuO. See Figure 31. 

 

Box 32 
 

 
 

Figure 31 

Raman CuO - 90 min  

 

4.  Conclusions 

 

The results obtained in this work constitute a significant advance in the fabrication of metal oxides by 

sputtering, a key process in materials engineering. This method proved to be highly effective in 

controlling the deposition step, which guarantees the formation of continuous and homogeneous layers 

of metal oxides. In particular, the single phase copper oxide (CuO) was successfully achieved through 

an optimized thermal oxidation method. This achievement highlights the ability to manipulate material 

properties by carefully controlling critical variables such as deposition rate, sample volume, temperature 

and excitation time. 
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The use of the Six Sigma methodology (DMAIC) was crucial in this process, providing a 

structured approach to optimize experimental conditions and minimize variability. This methodology 

allowed the identification and adjustment of key parameters, ensuring consistency in the formation of the 

CuO phase. X-ray diffraction analysis confirmed that the characteristic crystal structure of this 

semiconductor was obtained, validating the effectiveness of the methodological approach adopted. 

 

These results highlight not only the technical feasibility of applying sputtering and thermal 

oxidation for the production of metal oxides in the laboratory, but also the positive impact of 

incorporating continuous improvement tools such as DMAIC in a research environment. By transferring 

typically industrial structured methodologies to an academic context, its flexibility and value in the 

controlled production of advanced materials is demonstrated, opening possibilities for future 

technological applications in semiconductor devices and renewable energies. 
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Key Handbooks 

 

This work highlights the implementation of a class E amplifier as an energy source to generate ozone, 

which represents a technological innovation compared to traditional methods. Class E amplifiers are 

known for their high energy efficiency, which allows ozone generation with lower power consumption, 

contributing to process sustainability. The incorporation of five reaction chambers connected in series 

optimizes the contact time between the ozone and the water to be treated. This design improves 

treatment efficiency, allowing greater degradation of pollutants at each stage and ensuring that the 

treated water complies with established regulations. The use of ozone as an oxidizing agent avoids the 

need for secondary chemicals, reducing the generation of toxic by-products in the water treatment 

process. The key aspects to understand in order to apply to the generation of universal knowledge is 

to evaluate the possibility of scaling up the experimental design, from small volumes (450 mL) to 

larger capacity systems. This knowledge can be adapted to generate solutions to global problems, such 

as water purification in rural areas or regions with scarce resources. The following conclusions were 

reached after ozone treatment: Total suspended solids (TSS): Reduced by half after treatment, as 

reflected in the values in the tables provided. pH: Decreased by approximately 1.0, remaining in a 

suitable range of 6.5 to 6.6, which is optimal for aquatic biodiversity. Phosphates: Decreased by 90%, 

which is beneficial to prevent algae growth and invasive species proliferation. 
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