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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 “low carbon” 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. 

 

Box 19 

 

 
 

 

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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