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Microscopy techniques are powerful tool to evaluate the characteristics of the metallic alloys, as microstructure, 

chemical composition and crystalline orientation. Optical Microscopy (OM) is technique that allows analysing the 

microstructure and crystalline orientation of these materials. This microscopy technique is characterised by fast 

processing, low cost and being non-destructive. The imagines of OM are obtained via the light reflexion or 

transmitting with the material. Although optical microscopy is an excellent analysis technique, it presents certain 

limitations, as the inability to determine the chemical composition of material. Scanning Electron Microscopy (SEM) 

can rapidly analyse the microstructure and the chemical composition of the metallic alloys with a high resolution. 

SEM uses accelerated electrons to get pictures of the metallic materials features. Accelerate electrons interact with 

the atoms and electrons from surface layers of the material, which generates diverse types of the electrons and 

radiations. According to the type of electrons or radiation, different kinds of the materials characteristics can be 

seen. This technique provides good imagens of the characteristics of the material without producing damage, 

though the crystalline orientation is non-determinable via SEM. For this reason, both analysis techniques are 

complementary. Although OM and SEM are important tools to evaluate the metallic alloys, these materials must be 

pre-treated to be able to be characterised. The pre-treatment comprises of a mirror-to-polish and subsequent, 

etching process that defines the type of visible characteristics of metallic materials. In this chapter, the pre-

treatment, OM and SEM to analyse the characteristics of the metallic alloys will be discussed.   
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1. Introduction 
 
Optical and electron microscopy are great techniques to 

evaluate the characteristics at micro and nano-scale of 

metallic materials, as topography, microstructure and 

chemical composition. These methods stand out from others 

because their excellent properties as, non-contact, friendly 

with the environment, non-destructive, fast and viable at 

different conditions (Vander Voort 1999). Optical and 

electron microscopy are complementary techniques to each 

other. OM can determine the grain orientation metallic 

materials (SCOTT 1991) while SEM can define the 

topography (secondary electrons) (Vernon-Parry 2000) and 

chemical composition (backscattered electrons) (Zhou et al. 

2006) of metallic alloys. SEM has a resolution at nano-scale 

while OM resolution only is at micro-scale. Images of the 

OM can be obtained in colour while SEM pictures are in grey 

scale. Besides, both techniques can also evaluate the 

topography and microstructure of alloys at micro-scale.  

However, the metallic materials must be previously treated 

to analyse their microstructures. Pre-treatment is consisted 

of two parts; polishing and etching. Polishing process has to 

be carried out before etching. The objective of the polishing 
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is to remove any surface imperfection (e.g. scratch, pitting 

or corrosion) that can hinder or block the correct analysis of 

the microstructures (Vander Voort 1999; SCOTT 1991). 

Etching process should be conducted within few minutes 

after polishing process to have the best possible results. 

Different metallic materials features can be observed 

according to the etching conditions, as such gran 

orientation, second phase structures, carbides and 

etc.(SCOTT 1991; Vander Voort 1999; Bramfitt and 

Benscoter 2002; Petzow 1999).     

In the present chapter, the features of the pre-treatments, 

OM and SEM analyses on metallic alloys are descripted. 

The pre-treatments for metallic materials are commented to 

beginning of the chapter. OM characteristics for analysing 

the alloys are studied in the next section. In the last section, 

SEM features about evaluation of the metallic alloys are 

described.   

 

2. Pre-Treatments 

 

Previous treatment to microscopy analysis is formed by two 

steps: polishing and etching. The polishing treatment should 

be carried out before etching process. For this reason, 

polishing process is descripted before etching treatment in 

this section. 

 

2.1. Polishing 

 

Polishing is defined as the process to generate a smooth and 

shiny surface via mechanical, chemical, electrolytic or 

electrochemical methods. Polished surfaces usually have a 

high specular reflection, which is limited by the refraction 

index of the material (Faust 1943; Swihart 1953; Landolt, 

Chauvy, and Zinger 2003; Der 1950; Samuels 2003). The 

peak and valleys of the material surface are removed 

through the polishing treatment and surface roughness is 

therefore reduced. Although surfaces can be considered as 

polished when its average roughness are ≤600nm (EN), 

metallic materials should be polished at average roughness 

≤40nm to have the best result in etching process. Polishing 

can be carried out via chemical, electrical or electrochemical 

method, but mechanical method is recommendable for 

polishing the metallic samples because this method 

generates surfaces with lowest average roughness and 

imperfections.  

Polishing is produced via rubbing the surface with harder 

materials (SCOTT 1991; Samuels and Consultants 1992; 

Leng 2013). This method is composed of two steps; grit and 

cloth. First, grit step must firstly be conducted and then, the 

cloth step has to be done. Grit step can be carried out via 

two different methods, abrasive blasting and grit paper. A 

stream of the abrasive materials forcibility ejected on rough 

surface is used in the abrasive blasting (Achtsnick et al. 

2005; Mills 2014). This method can be typified according to 

the kind of the abrasive element. The average roughness of 

the surface is defined by the type of the method, as can be 

seen in Table 1. 

 

Table 1. Diode parameters obtained via thermionic emission 

theory. 

Name 
Abrasive 

Material 

Average Roughness 

(μm) 

Sandblasting Sand 

≥2.500 

(SLĂTINEANU et 

al. 2011) 

Wet abrasive 

blasting 
Vapour 

≥4.000 (Careddu and 

Akkoyun 2016) 

Bead blasting Fine glass ≥0.800 (Vecom) 

Shot blasting Sand 

≥2.700 (Rodríguez-

Hernández et al. 

2011) 

Hydro-blasting Water 

≥12.000 

(Draganovská et al. 

2018) 

Micro-abrasive 

blasting 

Glass (10-

150μm size) 

≥0.100 (Melentiev et 

al. 2019) 

Dry-ice blasting 

Carbon 

dioxide 

(solid) 

≥1.400 (Uhlmann 

2008) 

Bristle blasting 
High 

carbon-steel  

≥16.000 (CUDIC 

2019) 

  

Grit paper method is carried out via abrasives paper that can 

be silicon carbide, zirconium or diamond, but abrasive 

papers commonly used to polish metals are silicon carbide. 

Abrasive papers are classified through the grade that 

indicates silicon carbide grain/inch (Sin, Saka, and Suh 

1979; Orvis and Grissino-Mayer 2002; Zipperian 2001). 

Surface average roughness is determined by the grade of the 

paper. Lower roughness can be obtained with paper of high 

grades. Table 2 shows examples of average roughness can 

be achieved according to abrasive paper grade.  

Polishing via grit paper method should be begun at abrasive 

paper of low grades and subsequence increasing the grade of 

the abrasive papers at every step. This method can carry out 

manual or automatic way. In the case of the manual way, the 

direction of the polishing must be perpendicular to the 

direction of the previous polishing step (Dmitri 2003), can 

be illustrated in Figure 1.   

 
Figure 1: Schematic drawing of the manual polishing 

method via grit paper method. 
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Table 2: Average roughness according to abrasive paper 

grade (Zipperian 2002; Orvis and Grissino-Mayer 2002). 

Grade of paper 

(European P-Grade) 

Average roughness (nm) 

P80 1140 

P120 1050 

P180 880 

P220 300 

P360 230 

P800 120 

P1200 110 

P2400 25 

P4000 20 

 

 

On the other hand, the automatic method should be 

conducted with polishing machine and under lubrication of 

water to avoid the corrosion of the samples (Samuels 2003; 

Evans et al. 2003).  

Although abrasive blasting is a fast process that removes the 

most of the imperfections, finished surface has unreasonable 

average roughness for going to the cloth step. For this 

reason, post –grit with high grade abrasive paper (≥P1200) 

of the blasted surface is recommendable to reach adequate 

average roughness, which usually is ≤110nm.  

Cloth step is generally conducted with a soft cloth and a 

chemical product that usually is diamond paste or 

dissolution of the colloidal silica gel. Cloth step must be also 

carried out by mean of mechanical polishing machine and 

under lubrication, independently of the chemical product. 

Diamond paste comprises of mono or polycrystalline 

diamond dissolved in oil base (Samuels 2003). 

Monocrystalline diamond pastes usually produce surface 

finish with lower average roughness than polished surface 

through polycrystalline diamond pastes (Samuels 2003). 

The lubricant of the diamond paste commonly is a 

dissolution of methylene blue in alcohol (isopropanol or 

ethanol) (Samuels 2003). Crystal size determines average 

roughness of the polished surface, can be observed in Table 

3. Average roughness obtained via paste diamond polishing 

is lower at smaller crystal size (Samuels 2003). Surface 

finish of diamond past at 3μm satisfies the average 

roughness conditions to carry out the etching. However, it 

is recommendable to conduct a last polishing via colloidal 

silica gel dissolution to obtain the best results in optical and 

electron microscopy.  

Polishing with colloidal silica gel dissolution can eliminate 

the imperfections at micro and nano-scale on metallic 

surface, as pitting and scratch. Cloths for this polishing 

usually are suitable for chemical products (Samuels 2003). 

Colloidal silica gel dissolution comprises of colloidal silica 

gel and polar liquid (dissolvent). Colloidal silica gel can be 

of 0.060 and 0.040μm of size grain (Sivanandini, Dhami, 

and Pabla 2013). Polar liquid is commonly distilled water, 

an exception some metallic materials as titanium or gold. In 

these cases, distilled water is replaced by hydrogen peroxide. 

This type of the polishing is considered as chemical-

mechanical polishing (Evans et al. 2003; Sivanandini, 

Dhami, and Pabla 2013). In both case, dissolution commonly 

is 1:1 colloidal silica gel: polar liquid. Polished surface via 

this method can present an average roughness around 

0.005μm. For these reasons, it is recommendable to 

terminate the polishing process of the metallic samples with 

colloidal silica gel dissolution. An example of the 316L 

stainless steel polished surfaces via diverse abrasive papers, 

diamond pastes and colloidal silica gel can be viewed in 

Figure 2. 

 

Table 3: Average roughness according to crystal size of the 

diamond paste (Sinha 2006; Samuels 2003). 

Crystal size of diamond 

paste (μm) 

Average roughness (μm) 

15 0.100 

6 0.050 

3 0.025 

 

2.2. Etching 

 

Although some microstructures of some metallic materials 

can be seen only with mirror polishing, all microstructures 

of all metallic alloys can be observable via etching process 

(Petzow 1999; Leng 2013; Louthan Jr 1986). This process 

highlights the features of the alloys at microscale (Vander 

Voort 2007). This is possible because the control of the 

corrosion process, which is generated during etching, via the 

different corrosion potential of the element from metals 

(Vander 2012; Vander Voort 2007; Dmitri 2003). Etching 

can be carried out via different methods that are classified 

as, chemical, electrochemical, thermal, plasma, molten salt 

and magnetic (Zipperian 2001; Vander 2012).  

Chemical etching is a most common used etching, which 

uses aggressive dissolutions to conduct the development of 

the microstructure. Dissolution commonly is strong acids or 

bases and reducing or oxidising element though alcohols can 

be used in the etching (Vander 2012).  

Electrochemical etching is another method most used and 

combines aggressive dissolution with potential or current. A 

cathode, an anode and electrolytic bath form the elements of 

the electrochemical etching. Anode and cathode should be 

same metallic material and the anode is the etched sample 

(Węglowski 2013; Petzow 1999; Zipperian 2003). 
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Figure 2: Figure 2. OM pictures of 316L stainless steel 

polished with a) P80, b) P120, c) P160, d) P320, e) P600, f) 

P1200 SiC paper, diamond paste of g) 6μm, h) 3μm and i) 

1μm size and, j) 0.04μm colloidal silica gel. 

 

Electrochemical etching is another method most used and 

combines aggressive dissolution with potential or current. A 

cathode, an anode and electrolytic bath form the elements of 

the electrochemical etching. Anode and cathode should be 

same metallic material and the anode is the etched sample 

(Węglowski 2013; Petzow 1999; Zipperian 2003). 

Thermal process etches the samples via high temperatures 

and at low pressure. Samples etched through thermal 

etching usually have coloured grains, second phase and 

intermetallic. Although thermal etching is commonly used 

in ceramography, some metallic alloys as austenitic 

stainless steel, can be etched via this method (de Andrés et 

al. 2002; Chinn 2002; Petzow 1999). 

Plasma etching involves a high speed stream of light 

discharges that is shot on samples. Etchants comprise of 

adequate mixed gases that commonly are charged (ion) or 

neutral (atoms or radicals) (Hull, Leonhardt, and Sanders 

1992). This method is rarely used in etching of the alloys 

because it is complicated and expensive. 

Molten salt etching is conducted at high temperature and 

with electrolytic chemical compounds (salts). Temperatures 

used in this process should be sufficient to melt the salts 

(Zipperian 2001). Although this method is utilised to 

develop ceramic and glass, some metallic materials can be 

etched through molten salt etching. 

Magnetic etching applies a magnetic field about colloidal 

magnetic particles that are etchant (Gray 1974). This process 

provides high reproducibility and precision though it is 

expensive and complicated. 

Chemical and electrochemical methods are most common 

etching used for metallic materials due to their good 

characteristics, as simple, fast and cheap. According to the 

etching conditions, one or other microstructural features of 

the metallic alloys can be developed. It is important to note 

that the grain orientation can be only visible via polarised 

light (E407-07 2015). Table 4 lists examples of the 

developed microstructural characteristics depending on the 

alloy and the etching parameters.  

Chemical and electrochemical etchings are conducted with 

aggressive dissolutions that must be neutralised before the 

surface analyses of the microstructures. Strong acids or 

oxidisers should be neutralised via bicarbonate whilst acetic 

acid is recommendable to neutralise the strong bases or 

reducers. In addition, etched samples should be cleaned 

before the optical and electron microscopy analyses. Also, it 

is commendable to carry out the surface analyses at few 

minutes after etching. If it is impossible, etched samples 

should be kept in desiccator to avoid the corrosion of the 

surfaces. In the case of the corrosion or burnt of the samples, 

surfaces should be polished and etched again.  

 

3. Optical Microscopy 

 

It is surface analysis method via optical microscope that uses 

visible light and system of lens to magnify of microelements 

(Murphy 2001). The first optical microscope was created by 

Zacharias Jansen in Middleburg, Holland at 1595 (Masters 

2001). Optical microscopy is utilised in several areas as, 

medicine, biology, metallography and chemistry, because its 

excellent properties, such as low cost, easy to use, viable for 

life cell and in-situ (Davidson and Abramowitz 2002; Spring 

and Inoué 1997; Wolf and Sluder 1998). Although optical 

microscopy is a technique that can carry out pictures at high 

magnification, it is limited by its poor resolution at elevated 

magnifications. Airy disk can happen at very high 

magnifications with transmitted light. This event is 

characterised by diffused circles with diffraction rings, 

which reduce the resolution of the optical microscopy. The 

resolution, d, is therefore determined by wavelength of the 

light, λ, and Number Apertures, NA, as can be viewed in 1 

equation (Schmolze et al. 2011; Jonkman et al. 2003). 

𝑑 =
𝜆

2∗𝑁𝐴
 (1) 

In last decades, several researchers have worked to break the 

resolution limit. This continues to be an important limitation 
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of the optical microscopy though great advances have been 

reached in the recent times (Schmolze et al. 2011).  

In the field of the surface analysis of the metallic materials 

(Metallography), optical microscopy is a powerful and 

traditional tool that allow to evaluate the structures, phase, 

intermetallics and grain orientation of the metallic alloys at 

micro-scale (Vander Voort 2007; Zipperian 2011). 

However, the parameters of the optical microscope and 

etching dissolution (Etching subsection) define surface 

features of metals that can be visible. For this reason, the 

following subsections detail the characteristics of the optical 

microscope, types of optical microscopy and applications on 

the metallography.  

 

3.1. Optical Microscope 

 

Traditionally, optical microscope is called as optical light 

microscope because it utilises light to conduct the analyses 

of the elements. Optical light microscope comprises several 

items that allow doing the surface evaluation of the samples. 

These items are eyepiece, revolver, objective lenses, 

diaphragm, condenser, light source, coarse and fine 

adjustments. Figure 3 illustrates the items of the optical light 

microscope. 

Eyepiece is utilised to bring the focused image for eyes and 

different objectives can be used with the same eyepieces 

(Abramowitz 1985). Revolver allows selecting the diverse 

objectives lenses of the optical microscope, e.g. 5X, 10X, 

20X and 50X (Davidson and Abramowitz 2002). Objective 

lenses are items that collect the light from the sample 

surface. These items are cylinder that contain single or multi 

compounds glasses as lenses. Currently, objective lenses are 

focal lens, which allow staying focus when the focal 

distance or magnifications are changed. Characteristics of 

the objective lenses are magnification and NA. Special types 

of the objective lenses are oil-immersed and water-

immersed objectives, which are used when the materials 

have higher reflectivity index than air (Malureanu, Ferrari, 

and Di Fabrizio 2004). The condenser is a lens to focus the 

light onto the samples. Diaphragm can be added to 

condenser and its function is to improve the quality and 

intensity of the illumination (Vainrub, Pustovyy, and 

Vodyanoy 2006). The light source can be wide range of 

types, as bulb, LEDS, laser, halogen lamps, 

etc….(Wegerhoff, Weidlich, and Kassens 2007). Course 

and fine adjustments are items to move the objective lenses 

and for focus the images.  

 

 
Figure 3: Schematic drawing of the optical microscope. 

 

Other items can be included in the optical light microscope, 

such as capture images device and light modifier device. 

Capture images device is a system that allows obtaining 

images from the optical light microscope. The first capture 

images devices were photographic films but digital camera. 

Complementary Metal-Oxide-Semiconductor (CMOS) and 

Charge Couple Device (CCD) currently are the most used 

devices. Even, CCD has permitted to produce the truth 

digital microscope that is free of eyepiece (Davidson and 

Abramowitz 2002; Centen 2014). These devices can also 

obtain videos from optical light microscope, which are very 

useful for biological and medical field. Light modifier 

device is a system that permits to change the light features. 

This device can be polariser, paraboloid, cardioid, phase 

shift and grey filter rings. These items are related to the types 

of optical microscopy and consequently they will be argued 

in the next subsection.  

 

3.2. Types of the Optical Microscopy 

 

Types of the optical microscopy are classified according to 

the characteristics of the light, as discussed earlier in this 

chapter. One optical light microscopy type is more adequate 

than others depending on the material features or the 

characteristics that are wanted to evaluate. Main types of the 

optical light microscopy are multi-colour, bright field, dark 

field, cross-polarised light and phase contrast (Davidson and 

Abramowitz 2002; Vander Voort 2007).Figure 4 shows OM 

images of tissue paper obtained via different OM methods.   
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Figure 4: OM images of the tissue paper at 10X 

magnifications through bright-filed a), dark-field b), cross-

polarised light c) and phase contrast d) (Zephyris 2010). 
 

Multi-colour utilises visible range light (from 400nm to 

700nm) and allows distinguishing the different colours of 

the microstructures. Extra items are non-necessaries for this 

method. Etched samples with microstructures of different 

colours are commonly analyses via multi-colour optical 

light microscopy (Wegerhoff, Weidlich, and Kassens 2007). 

This type is inadequate for most of the etched metallic 

samples or for samples with similar colours microstructures.   

Bright field employs white light (from 560nm to 600nm), 

which improves the contrast of the materials characteristics 

(Wegerhoff, Weidlich, and Kassens 2007). High contrast is 

achieved by the attenuation of the transmitted light in dense 

areas of the samples (Leng 2013; Bagnell 2012; Dmitri 

2003). Images obtained via bright field are in grey scale. 

Transillumination light source is the necessary extra-item to 

carry out this type of optical light microscopy. Halogen 

lamp usually is utilised as transillumination light sources 

(Bordo and Rubahn 2005). Iris diaphragm, oil-immersion 

objective and polarising filter can be added to optical 

microscope to improve the quality of the pictures (Bagnell 

2012). Although this method is widely used to analyse 

etched metallic alloys, it present certain limitations as, 

1300X maximum magnification, low optical resolution and 

inviable for transparent or colourless materials. For these 

reasons, bright field is unpopular method to analyse the 

biological materials.  

Dark field uses the same light than the bright field but, in 

this case, the full cone of light is replaced by hollow light 

cone. This produces that the light from the sample travels 

around objective lenses, and the samples therefore are 

invisible in the pictures of the dark field (Bagnell 2012; 

Villiger, Pache, and Lasser 2010). Filter holder is used to 

carry out this type of method and it is localised between light 

source and sample. This element is formed of direct 

illumination block to scatter light and patch stop to block 

the light (Laronga and Thorburn 1993; Dmitri 2003). This is 

commonly applied to characterise the transparent materials, 

as biological cells (Bagnell 2012).This method is only 

utilised in metallography field to evaluate fractures in alloys.    

Crossed-polarised light permits to analyses optical features 

of the birefringence materials through light polarised white 

(rlton 2011; Swann and Mitchison 1950). Images form this 

method usually exhibit different contrast according to 

interaction of the sample with the polarised light. Material 

modifies or removes certain wavelength due to its 

electromagnetic field (Chayen 1983; McCrone 1994). In the 

specific case of the metallic materials, the plasmon is the 

responsible of this effect. In addition, the thickness of the 

elements from samples can be defined via this method. The 

modification of polarised light when crosses a birefringence 

material is called as Optical Path Difference (O.P.D.). O.P:D 

is defined by λ and refraction index of the material´s 

elements (ne), as can be observe in 2 equation (Frandsen 

2016). 

𝑂. 𝑃. 𝐷 = 2 ∗ 𝜋 ∗ (
(𝑛𝑒−𝑛𝑜)∗𝑡

𝜆
)(2) 

Being, no the refraction index of air and t the thickness of the 

elements. Nonetheless, ne must be known to determine t and 

vice versa. 

Extra devices utilised to conduct this method are a polariser 

glass and analyser. Polariser glass is localised after the light 

source whilst analyser is placed before eyepiece. The 

analyser also is a polariser glass that improves the resolution 

of the optical microscope (Frandsen 2016). Additionally, 

this method can be combined with dark field by inclusion of 

the direct illumination block (Vander Voort 2007). The 

combination of this method with adequate etching 

dissolution (Etching section) permits to analyse the 

microstructural orientation of the grain, second phase and 

inter-metallics from the metallic alloys (SCOTT 1991). 

Moreover, the polarised light method can be utilised in 

mineralogical and biomedical field for evaluating minerals, 

bones, teeth or urine crystals (McCrone 1994). This method 

is non-useful for materials with same crystalline orientation 

like cell or metals without grain (SCOTT 1991). 

Phase contrast allows observing the microstructures with 

dissimilar refractive index. The diverse wavelengths of the 

light suffer different delays to pierce the sample. These 

delays produce a waves being 'out of phase' with others, 

which can be transformed into amplitude differences that is 

seen as brightness variation (Liang, Erwin, and Mansuripur 

2000). Extra devices of this method are -90º shift ring and 

grey filter ring, which are placed after objective lenses. -90º 

shift ring is utilised to scatter the light from sample while 

grey filter ring is used to improve the contrast (Maurer et al. 

2008). For this reason, images of this method commonly are 

in grey scale. This type of optical light microscopy is applied 

to characterise transparent samples. In the past, it was 

utilised to evaluate transparent minerals but nowadays, it has 



Journal of Materials and Electronic Devices 1 (2023) 33-53 

39 
been replaced by other techniques as, Transmission Electron 

Microscopy (Heaysman, Pegrum, and Preston 1982). 

However, this method is unable to be utilised to examine 

living specimens, e.g. cells and micro-animals, due to these 

living organism die at low pressure that generated the 

vacuum system (Mann et al. 2005).   

Other variants of the optical microscopy exist but they need 

an intrinsic modification of the optical microscope, as light 

position, detector, non-visible radiation, lenses and etc…. 

Therefore, a detailed analysis of these methods is not 

described in this chapter. However, short summary of these 

techniques can be viewed in Table 5.  

 

3.3. Metallurgical Application of the Optical Microscopy 

 

Optical light microscopy is widely used in metallographic 

field to determine the microstructural characteristics of the 

metallic materials, such as grains, second phases, and inter-

metallics. Besides, this technique allows also evaluating 

other surface features, as micro-cracks, pitting, fractures and 

etc.… (Louthan Jr 1986). SEM is a great tool for the 

metallography as well, but OM remains as main technique 

for defining the microstructures of the metallic alloys. This 

is due to a certain limitations that are presented the 

electronic microscopy. Nevertheless, OM and SEM are 

complementary techniques in the area of the metallography 

(Borel et al. 2014).   

Objective lenses utilised in the metallography commonly 

are from 50X to 2000X though other magnifications can be 

used to this aim (Vander Voort 2007). The metallographic 

analyses use reflected light and illumination light should be 

therefore placed on vertical position. In addition, the light 

should perpendicular arrive to the surface sample for 

avoiding shadows or other effects that could influence in the 

optical microscopy analysis (Dmitri 2003). Main OM 

techniques are multi-colour, bright field and polarised light. 

Other types of the optical light microscopy could be utilised 

in the metallurgy but only in specific cases, e.g. low contrast 

or optically anisotropic materials (Vander Voort 2007). 

Multi-colour is commonly utilised on etching samples that 

have natural colour microstructures. Etching dissolution can 

be different types (thermal, chemical or electrochemical) 

because the natural colour depends on features of the 

metallic alloy. However, thermal etching usually colours the 

samples (Vander Voort 2004; Zakerinia, Kermanpur, and 

Najafizadeh 2009). Pictures can be obtained colour reversal 

film or negative colour reversal film. Colour reversal film is 

cheap whilst negative colour film has better quality and can 

be in white and black (Vander Voort 2007). Grains of the 

matrix are seen as polygonal structures of varies colours 

while homogeneous matrix shows the same colour in all 

structure. Second phases are distinct colour than the matrix 

or grains and their shapes usually are polyedrical. Inter-

metallics also have dissimilar colour than the material matrix 

but their morphologies commonly are spherical or oval 

(Vander Voort 2004). Examples of the images carried out 

via this method can be observed in Figure 5. Although this 

method is able to be applied on other etched surfaces, this is 

non-recommendable because the pictures can lose contrast 

and definition. 

 

  

  
Figure 5: Multicolour OM images of a) copper, b) 

Hallestolly, c) 1095 high carbon steel and d) 431 stainless 

steel (Technologies 2019) Copyright 2006-2019 PACE 

Technologies ®. 

 

Bright field is the method most widely utilised to analyse the 

microstructures of the metallic alloys. This is due to the 

excellent quality and high contrast of the metallographic 

pictures (Vander Voort 2007). The different microstructures 

from metallic samples are seen with different tones in the 

grey scale range. Homogenous matrixes are white without 

line while grains are differentiated by the grain borders. 

Grains are white whilst the borders are black because these 

are zone easier to be attacked by etching process. Second 

phases and inter-metallics usually have different hues than 

matrix of the metallic materials, but second phases 

commonly are polygonal structures while inter-metallics 

have circular shapes (Vander 2012).  
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Figure 6: Bright-field OM pictures of the general 

microstructures of a) 316L stainless steel, b) 355 steel, c) 

6061 and d) 3103 aluminium alloys at 1.5X magnifications. 

Stainless steel and steel were etched by 88 etching 

dissolution according to ASTM E407-99 (E407-07 

2015)Aluminium alloys were etched by 3 etching 

dissolution according to ASTM E407-99 (E407-07 2015). 
 

Polarised light is applied to evaluate grain orientation and to 

analyse the microstructures of the metallic materials that are 

difficult to etch (Vander Voort 2004; Vander 2012; Calvo, 

Gautier, and Simon 1991). In some case, the samples should 

be etched with specific dissolution (Etching. section) for 

making visible the grain orientation of the metallic alloys. 

Polarised light from isotropic metals (amorphous crystalline 

structures) are non-contrast because reflected or transmitted 

lights have same velocity in all directions (SCOTT 1991). 

On the contrary, polarised light pictures show the 

microstructures and grain orientation in the case of the 

anisotropic alloys. The direction and velocity of the 

reflected or transmitted lights is dissimilar after interacting 

with these materials. Even, some metallic materials with 

high anisotropy can present their microstructure non-

etching via this method, e.g. antimony, magnesium, 

cadmium, cobalt, titanium and tin (McCrone, McCrone, and 

Delly 1978; SCOTT 1991; Calvo, Gautier, and Simon 

1991). Polarised-light pictures from the anisotropic alloys 

are in grey scale due to distinct reduction of the light 

velocity that is produced by sample.  

In the case of grain orientation, it is observable at different 

colours because the different degrees of ellipticity. Polarised 

light can evaluate the grain of the alloy quantitatively and 

qualitatively via this colour difference. However, specific 

software is necessary to carry out these analyses (Calvo, 

Gautier, and Simon 1991). Chemical and electrochemical 

polishing are used to prepare these type of samples due to 

the mechanical polishing can produce deformation twins, 

which can generate errors in the interpretation of the 

microstructures of alloys (Vander Voort 2007). 

Other characteristics of the metallic materials can be 

analysed through this method, e.g. second phase, refraction 

index, internal stress, thickness or dispersion. Isotropic 

second phases usually are viewed like black structures 

(McLaughlin 1977). Etched samples for polarised light 

method exhibit low reflection index. For this reason, some 

cases, samples are commonly inked to increase the contrast 

of the microstructural elements. Figure 7 shows examples of 

the microstructures pictures that can be developed via 

polarised light OM.  

 

  

  
Figure 7: Polarised light OM pictures of a) gray iron, b) 

eutectic Fe-C (ÇARBOĞA 2014), c) 1100 and d) 2024 

aluminium alloy (optics 2018). 

 

It is important to comment that the grains, even matrix, and 

second phases have various crystalline structures, as such α, 

β, γ, S, θ, martensitic, dendritic, etc… The objective of the 

section is not discussing in the structural properties, but 

discussing the microscopy methods. Although OM is a great 

technique to evaluate of the metallic alloy microstructures, 

it is inefficient to analyse structures at nanometres. 

 

4. Scanning Electron Microscopy 

 

Scanning Electron microscopy is a surface analysis 

technique utilises a focused electron beam for obtaining the 

pictures of the samples. Electrons beam interaction with the 

atoms of the samples generates diverse signals, which are 

interpreted to produce the pictures (Zhou et al. 2006). 

Manfred von Ardenne is considerate the inventor of the first 

SEM in 1937. However, the first commercial SEM was 

fabricated by Cambridge Scientific Instrument Company in 

1965 by name of “Stereoscan” and was delivered to DuPont 

(McMullan 1995; Nada 2015). SEM is a great technique for 

the metallographic analysis of the metallic alloy because it 

allows evaluating the topography and chemical composition 

of the samples at nano-scale level. The utilisation of the 

electrons in analysis of the samples permits to evaluate the 

surface features of the metallic material at high 

magnifications (nanometre). Various signals created by 

electrons-atoms interactions, which are able to deliver 

information about the microstructure and chemical 

composition of the alloys. Some of these signals are 

difference between the energies of the electrons before and 

after interacting the samples. One or other type of SEM 

analysis is depending on these energy variations (Vernon-

Parry 2000). Electron microscope is the device utilised to 
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carry out SEM analyses and therefore, characteristics of this 

device determine the type of information that can be 

obtained on metallic alloys. The next subsections therefore 

describe the features of the electron microscope, Secondary 

Electrons (SE), Back Scattered Electrons (BSE) and 

applications on the metallography.  

 
Figure 8: Schematic drawing of the electron microscope. 

 

4.1. Electron Microscope 

 

This facility uses electrons as illumination sources and 

therefore, its resolution is higher than the OM, which uses 

light. Electron microscope can be diverse types, but only 

scanning electron microscope is described in this chapter 

because it is most widely utilised device in metallographic 

field. Scanning electron microscope is formed of several 

elements; electron gun, condenser lenses, deflection coils, 

final lens, vacuum chamber, amplifier and detector 

(Ishikawa 1989; Hafner 2007). Figure 8 illustrates the parts 

of the electron microscope.   

  

 
Figure 9: Schematic drawing of the electron gun. 

 

Electron gun is the device that produces the electron beam 

and it is commonly placed to top of electron microscope (See 

Figure 9). This device generates a source of electrons and 

accelerates them through a potential that is from 0.1KV to 

40KV (Reimer 2013; Dunlap and Adaskaveg 1997). 

Electron gun comprises of a hot wire, Wehnelt cap and 

anode. The hot wire is surrounded by Wehnelt cap and anode 

is localised at the bottom of Wehnelt cap. Electrons are 

produced by the hot wire and they are attracted by anode that 

has a hole, which allows going out electrons to condenser 

lenses. Wehnelt cap avoids electrons scape of the electron 

gun (Nada 2015; Dunlap and Adaskaveg 1997; Joel 2009; 

Aharinejad and Lametschwandtner 1992). Scheme of the 

electron gun can be observed in Figure 9. High voltages 

permit hot wire produces electrons.  

According to the technique that is used by hot wire to 

generate the electrons, electron gun can be classified in two 

types; thermionic and field emission (Nada 2015). 

Thermionic emission generates electrons by mean of the 

heating of hot wire via supplying of the high voltages. LaB6 

crystal is the material usually employed to fabricate the hot 

wire for thermionic emission (Joel 2009). Field emission is 

called as cold filament because electrons are produced by 

electrostatic field that is created by elevated potentials. 

Wolfram crystal, W, is used as material for the hot wire of 

field emission. Although W crystal can be also used in the 

thermionic emission, this material has shorter lifetime than 

LaB6 (Dunlap and Adaskaveg 1997). The advantages and 

disadvantages of two techniques are listed in Table 6. 

  

Condenser lenses control the number of electrons that hit the 

samples and therefore, these items determine the size of the 

beam. Lenses produce a magnetic field that permits to define 

the amount of the electrons, which impact on samples (Zhou 

et al. 2006). SEM commonly has two condenser lenses that 
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is situated after the electron gun (Cheney 2007; Postek et al. 

1980).  

Deflection coil or electro lens is the responsible device to 

produce a square electron beam on surface of the sample and 

it is localised above condenser lenses. This device is an 

electromagnet that modifies the shape of the electrons beam 

through generation an electromagnetic field (Hafner 2007; 

Joel 2009). 

Final or objective lens allow focalising the electron beam on 

the sample and it is placed after condenser lenses and before 

sample. An electromagnetic lens is normally utilised as final 

lens (Zhou et al. 2006).  

Vacuum system generates atmosphere of low pressure, 10-

3-10-4 Pa, which permit electrons to hit the samples. Any 

particles or gas in the atmosphere can interact with electrons 

and hinder them to reach the samples (Joel 2009). Vacuum 

system is formed of two pumps; the first pump does the 

rough evacuation, and second pump reaches higher 

vacuums. Second pump must begin to operate after first 

pump achieves its lowest pressures (Johnson 1996). To 

ignore this recommendation can cause dangerous damages 

on second pump. This system is localised close to the 

chamber where is place the samples. The most useful pumps 

on SEM usually are rotatory, diffusion, scroll, turbo-

molecular and ion getter. Rotatory pumps are utilised as first 

pumps to reach at low level vacuum. The device consists in 

a rotation vane housed in a cylindrical chamber in an oil bath 

that absorbs the gases from atmosphere to reduce the 

environmental pressure (Aharinejad and Lametschwandtner 

1992; Krivanek et al. 2008). Diffusion pump is used as 

second pumps and it is formed of cylindrical chamber with 

series of vanes. Oil also is the responsible to catch the gases 

from atmosphere, but in this case, the oil is quickly heat and 

cool (Danilatos and Robinson 1979; Stokes, Thiel, and 

Donald 1998; Yoshimura 2008). Mechanical or scrolls 

pumps comprise of two interleaving scrolls, one is fixed and 

other orbits eccentrically. It allows compressing the 

environmental gases. These pumps are commonly utilised 

as first pumps because it is more ecological than other 

pumps, free oil. Turbo-molecular pumps can be used as 

second pumps. These pumps consist a series of pairs of rotor 

fan blades, which some are statics and others dynamics. 

Spinning of the dynamic blades permits to extract the gases 

from the atmosphere (Dunlap and Adaskaveg 1997). Other 

type of the devices used as second pump is ion getter pump 

or sputter-ion pump that can achieve the highest vacuums. 

Strong electrical potential is applied to capture and 

extracting the gases by ionising them. Solid electrode is 

utilised to reach this process (JUNLI 2008).      

Amplifier is the device that increases the received signal 

from detector, and it is placed after the detector. 

Photomultiplier is the device that is utilised as amplifier 

(Moncrieff and Barker 1978). 

Detector identifies the electrons from sample and converts 

them to electrical signals, currents. This is situated in the 

sample chamber and close to final lens to obtain the best 

resolution possible. The types of detector are defined by kind 

of signals that they can detect (Stokes 2008). The types of 

outputs obtained via SEM are Auger electrons, SE, BSE, 

characteristics X-ray, continuum X-ray and 

cathodoluminescence (Stokes 2008). Penetration depth of 

these signals is dissimilar depending to type as can be seen 

in Figure 10.  

 
Figure 10: Penetration depth of the SEM signals. 

 

Cylindrical Mirror Analyser (CMA), Hemispherical 

Deflector Analyser (HDA), Hyperbolic Field Analyser 

(HFA), Parallel Cylindrical Mirror Analyser (PCMA) is the 

detector for Auger electrons. CMA has the best resolution 

whilst HDA can be combined with other detectors. HFA can 

be also added to other detectors and is fast but, it has the low 

total transmission efficient. PCMA is similar to CMA 

though it has a wider energies range (Gunawardane and 

Arumainayagam 2006; El Gomati 2006). 

Everhart-Thornely (ET) and In-Beam (IB) are used to detect 

SE. ET is placed in the chamber while IB is localised in the 

final lens. IB provides the best possible resolution and the 

highest magnifications whist ET has a high efficient and 

small noise (Cantoni and Holzer 2014; Hafner 2007). BSE is 

detected by mean of a solid state semiconductor that is 

situated in the final lens or IB (Cantoni and Holzer 2014; 

Goldstein 2003). ET can detect both types of the signals 

(Goldstein 2003). 

Characteristics X-ray are detected by a semiconductor 

protected via tube. Semiconductors commonly are silicon 

crystal and coated lithium with gold nano-layer. Protective 

tube is beryllium window.  

Continuum X-ray detector usually is Si(Li) cooled with 

liquid nitrogen though he silicon drift with Peltier cooling 

system is currently starting to use due to its rapid data 

acquisition. These detectors can be also utilised in the 
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analyses of characteristics X-ray (Goldstein 2003; Goodhew 

2001).  

Panchromatic and Rainbow detectors are utilised to detect 

the cathodoluminescence. Rainbow is able to evaluate 

different wavelength (350 nm-850nm) at the same time (CL 

Detectors), while Panchromatic carries out the analyses of 

the cathodoluminescence in limited wavelengths ranges 

(Hamers and Drury 2011). 

The mostly used SEM signals in the surfaces analysis of the 

metallic materials microstructures are SE and BSE. 

Although the other outputs are utilised to evaluate the 

characteristics of the alloys, these signals are used to analyse 

the main chemical composition of alloys or crystalline 

orientation.  

 

4.2. Secondary Electrons 

 

SE permit to achieve topographic pictures of the material 

surfaces via inelastic scattered electrons. These electrons are 

originated by the interaction of the electrons beam with 

valence electrons of the sample’s atoms. Electrons from 

beam replace the valence electrons form surface atoms, 

which are ejected from samples to detector (Zhou et al. 

2006; Vernon-Parry 2000; Stokes 2008; Goldstein 2003). 

These electrons are free any influence from atomic nucleus 

and their penetration into the samples only is 0.5-50nm 

(Cheney 2007; Stokes 2008). Thus, SEM with SE provides 

topographic information of the samples.  

Topographic pictures are in white and black that are defined 

by the kinetic energy of the ejected electrons. Light areas 

are produced by electrons with high energy whilst low 

energy electrons generate the dark zones in the pictures. 

Energy of the ejected electrons is determined by the distance 

between the surface and the detector because electrons go 

out from surfaces without any influences. The longer 

distances between surface and detector cause lower energy 

electrons. Thus, light zones therefore indicate high areas 

while the dark zones are deep areas (Zhou et al. 2006). 

Figure 11 shows examples of the SEM imagines with SE.  

Nevertheless, determined surface geometries and certain 

physicochemical properties of the materials can produce 

erroneous contrast in SEM pictures via SE. The sharp edge 

on the surface can generate brighter zones than normal.  

 

 

 

 
Figure 11: SEM pictures with SE at 1000X magnifications 

of a) 235 steel, b) 6061 aluminium alloy and c) 430 stainless 

steel. Stainless steel and steel were etched by 88 etching 

dissolution according to ASTM E407-99 (E407-07 2015). 

Aluminium alloys were etched by 3 etching dissolution 

according to ASTM E407-99 (E407-07 2015). 

 
The brightness of the pictures is proportional to the electrons 

beam enters obliquely because it changes the distance from 

surface to detector. This can be observed in crystalline 

materials. The change of the incident angle is a correct 

solution at this problem (Joel 2009; Zhou et al. 2006). The 

semiconductor materials can present the same problem when 

the exposition time is long. Electrons beam are accumulated 

by the semiconductor that ejects them after certain time. This 

generates that the amount and energy of the electrons will be 

higher than in the real cases (Heydenreich 1993). Short 

expose time to electron beam is recommendable for this type 

of samples to avoid this problem. The no electrically 

conductive materials can cause fake deep areas because the 
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surface absorbs electrons beams. This produces a reduction 

in the number of electrons that arrive to the detector. These 

samples must be coated with conductive layer for resolving 

this problem (Jbara et al. 2004; Goldstein 2003).  

 

 

 

 
Figure 12: SEM pictures with BSE at 1000X of a) 235 steel, 

b) 6061 aluminium alloy and c) 430 stainless steel. Stainless 

steel and steel were etched by 88 etching dissolution 

according to ASTM E407-15 (E407-07 2015). Aluminium 

alloys were etched by 3 etching dissolution according to 

ASTM E407-15 (E407-07 2015). 

 

SEM pictures through SE should be carried out at low 

accelerating potential, 1-10KV, because the penetration 

depth of the electron beam is proportional at potential. 

Characteristics form bulk material can influence in the SEM 

pictures at high accelerating potential (Stokes 2008; Autrata 

and Hejna 1991) 

 

4.3. Back-Scattered Electrons 

 

BSE create pictures of the semi-qualitative chemical 

composition through elastic scattered electrons. These 

electrons are generated by the interaction between electrons 

beam with the atomic nucleus. Beam electrons have 

sufficient energy to pass close to the atomic nucleuses of the 

samples. Then, they leave from samples and arrive to 

detector (Hafner 2007; Stokes 2008; Goldstein 2003). 

Electrons beam are modified by crossing close to atomic 

nucleus, which allow creating SEM pictures with BSE. BSE 

are therefore originated by electrons beam as opposite to SE. 

Depth range of the BSE is defined by acceleration potential 

and it is from 1μm to 3μm (Radetic 2011). For this reasons, 

SEM via BSE provide chemical composition information. 

An example of the SEM images carried out with BSE, can 

be viewed in Figure 12. 

As SEM pictures via SE, SEM images with BSE are in grey 

scale. Light zones also indicate electrons with high energy 

while low energy electrons are seen as dark areas. High 

energy BSE is produced when atomic nucleus with high 

atomic number (Z) interacts with them while low Z atomic 

nucleus generates BSE with low energies. This is due to the 

interaction between electrons beam and atomic nucleus is 

similar than elastic collision. Thus, light areas are zones with 

high Z elements whilst low Z elements cause the dark areas 

(Robinson 1980; Joel 2009; Goldstein 2003). Chemical 

composition of the samples can be therefore analysed semi-

quantitatively through SEM pictures obtained by BSE.   

Although this technique provides great and fast information 

on the chemical composition on the samples, SEM with BSE 

presents some limitations. The topography of the samples 

modifies the SEM pictures via BSE because changing the 

distance between sample surface and the detector. As 

commented in the Secondary Electrons subsection, energies 

of the electrons are inversely proportional to the surface-

detector distance. Peaks of the surface can therefore produce 

lighter zones than in normal conditions, while deep areas are 

able to generate darker zones than in regular situations (Joel 

2009; Robinson 1980). Polished surfaces are 

recommendable to conduct these analyses. If it is impossible, 

it is recommendable to utilise other types of chemical 

composition analysis techniques for discharging possible 

errors. SEM of BSE has the same problems than SEM via 

SE with semiconductor and non-conductive materials. 

Semiconductors produce fake light zones while the non-

conductive materials cause false dark areas. Other problem 

is generated at high acceleration potential. The depth 

penetration of the electrons beam is defined by accelerating 

voltage. An excess of potential can causes that some BSE is 
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originated from into bulk and not form surface. It can 

produce erroneous hues in SEM images with BSE. For this 

reason, moderate potential, >50eV, should be used to carry 

out the SEM analyses with BSE (Richards, Owen, and Ap 

Gwynn 1999; Zhou et al. 2006).         

 

4.4. Metallographic Application of the Scanning Electronic 

Microscopy 

 

SEM is adequate technique to metallographic analysis of the 

metallic materials because its advantages, as high resolution 

(nanometers scale), topographic and chemical composition 

analysis viable. Moreover, metallic materials are 

recommendable for these types of analyses because they are 

free coating, conductive and non-semiconductor samples. 

Metallic alloys are conductive materials and therefore, the 

gold coating is unnecessary (Goldstein 2003; Johnson 

1972). These materials usually are free of the semi-

conductive effects. However, certain oxidised metals 

present semi-conductive properties, e.g. ZnO, Fe2O3 or 

TiO2. Thus, the elimination of any oxidation on the metallic 

materials is very important to carry out an appropriate SEM 

analysis (Vander Voort 1986).  

Note, it is important to highlight that the SEM pictures can 

be dissimilar than OM because the SEM uses electrons to 

make the imagines while the OM utilises light. The 

interaction of the light with the metallic alloys is totally 

different than in the case of the electrons. In additions, SEM 

pictures with BSE are different than with SE due to the 

detected electrons are distinct origin. For this reason, BSE 

should use to different aim than the SE. These differences 

can be seen in the SEM pictures through SE and BSE from 

Figure 13.  

SE are adequate to evaluate the microstructures of the 

metallic materials as grain, dendritic and martensitic 

structures. Commonly, grains have lighter tones than 

borders grain. This is due to the border grain commonly are 

deeper than the surface because these are preferential zones 

of attack for etching dissolutions (Vander Voort 1986; 

AOYAMA, NAGOSHI, and SATO 2017). It is important to 

remember that SEM with SE generates topographic pictures 

of the metallic samples. In addition, the geometries of these 

microstructures can be viewed with better definition than 

BSE because SE generally is free chemical composition 

interactions from alloy elements. Nevertheless, 

intermetallic and second phase can be difficultly to identify 

due to etching can non-modify the surface topography 

around these elements.  

 

  

  

  

  
Figure 13: SEM pictures at 1000X by mean of SE (a-c) and 

BSE (1-4) of a,1) 316L stainless steel, b-2) 355 steel, c-3) 

5052 and d-4) 3103 aluminium alloy. Stainless steel and 

steel were etched by 88 etching dissolution according to 

ASTM E407-15 (E407-07 2015). Aluminium alloys were 

etched by 3 etching dissolution according to ASTM E407-

15 (E407-07 2015). 

 

BSE are very appropriate to evaluate second phases and 

inter-metallics. This is due to inter-metallic and second 

phase commonly have a different chemical composition than 

metallic material matrix. These microstructures are easily 

identified by mean of SEM via BSE because its images are 

about the chemical compositions (AOYAMA, NAGOSHI, 

and SATO 2017; Lloyd 1987). In addition, the identification 

of the different types of second phase and intermetallic is 

relatively easy due to the dissimilar hues that are produced 

by distinct chemical compositions of these microstructures. 

Moreover, dispersed elements can be determined by this 

technique, as long as they have a dissimilar chemical 

composition than the matrix. It is important to note that the 

matrix hues can be different according to the Z of its 

elements. Although this is non-common, grains 

microstructures can be observable by mean of this technique. 

This occurs when the borders of the grains have a high depth. 
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Table 4: Examples of the etching (E407-07 2015; Zipperian 2011).

Metallic alloy Type of etching Etching conditions 
Developed 

microstructures 

Aluminium 

alloy 

Chemical 

 1 mL HF and 200mL water. 

 15s 

 Non-immersion 

General structure 

Electrochemical 

 25mg/mL HBF4 

 Al cathode 

 30 V DC 

 1min 

Grain orientation 

Chemical 

 33.33% (mL/mL) HNO3 

 40s 

 343K 

Phases 

Copper alloy Chemical 
 20mg/mL K2Cr2O7 

 8% (mL/mL) H2SO4 
General structure 

Gold alloy Chemical 
 60mL HCl and 40mL HNO3 

 2s-120s 
General structure 

Steel Chemical 

 5mL HNO3 and 100mL ethanol or 

methanol 

 2s to 60s 

General structure 

Stainless Steel 

Chemical 

 5mL HCl, 1g pirric acid and 100mL 

ethanol or methanol 

 15min 

General structure 

Electrochemical 

 1.7g/mL NaOH 

 6V 

 5-10s 

Stains sigma 

phase 

Electrochemical 

 NH4OH concentrated 

 6V 

 30-60s 

Carbides and 

sensitization 

Electrochemical 

 0.2g/mL NaOH 

 Stainless Steel Cathode 

 2-20V DC 

 5-20s 

Delta ferrite 

Lead Chemical 

 15mL Acetic acid, 15mL HNO3 and 

60mL glycerol  

 353K 

General structure 

Platinum Chemical 

 5mL HNO3, 25mL HCl and 30mL 

water 

 1-5min 

General Structure 

Magnesium 

alloy 

Chemical 

 1mL HNO3, 20mL acetic acid, 60mL 

diethylene glycol and 20mL water 

 Non-immersion 

 1s-3min 

General Structure 

Chemical 

 10mL Acetic acid, 6g picric acid and 

100mL ethanol or methanol 

 15-30s 

Phase 

Silver Chemical 
 50mLNH4OH and 20mL H2O2 

 2s-60s 
General structure 

Titanium Chemical 

 10mL HF, 5mL HNO3 and 85mL 

water 

 Non-immersion 

 2-20s 

General structure 

 

 

 

 

Table 5: Summary of other optical microscopy techniques. 
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Technique Light Modification Main application 

Stereo microscopy 

(Schreier, Garcia, and 

Sutton 2004) 

Reflected 
Light source out of 

microscopic structure 

Biomedical and 

industrial 

Comparison microscopy 

(Wilkinson 1954) 
Transmitted 

Use two microscope 

connected by eyepiece 
Forensic 

Inverted microscopy (Liu, 

Lu, and Sun 2010) 
Transmitted 

Source light and 

condenser are placed on 

the top while objective 

lenses and eyepieces are 

localised on the bottom 

Medical and biological 

Travelling microscopy 

(Manoharan and 

Lewandowski 1989) 

Transmitted 
Rail to move the 

microscope 
Big samples 

Fluorescence microscopy 

(Wayne 2019) 

Phosphorescent or 

fluorescent  

Excitation filter, 

dichroic mirror and 

emission filter 

Biomedical 

Confocal microscopy 

(Semwogerere and Weeks 

2005) 

Transmitted or 

laser 

Spatial filter and 

possible laser 

Crystallographic and 

biomedical 

Two-photon excitation 

microscopy (Svoboda and 

Yasuda 2006) 

Fluorescent  

Near infrared laser, red 

filter, green filter and 

dichroic beam splitter 

Biomedical and chemical 

Ultramicroscopy (Dodt et al. 

2015) 
Scattered Convergent beam  

Nanoparticles and 

colloids 

 

Table 6: Advantages and disadvantages of the thermionic and field emission (Dunlap and Adaskaveg 1997; Goldstein 2003). 

Technique Advantages Disadvantages 

Thermionic emission 

High beam current stability 

Short lifetime Low stringent vacuum  

Non-period emission flash 

Field emission 

Small size of electron source 

Inadequate for energy dispersive 

spectroscopy technique. 

Long lifetime 

High resolution 

High magnification 

Low energy spread 

High Brightness 

 

 

References 

 Abramowitz, Mortimer. 1985. Microscope, basics 

and beyond: Olympus Corporation. 

Achtsnick, M, PF Geelhoed, AM Hoogstrate, and B 

Karpuschewski. 2005. Modelling and 

evaluation of the micro abrasive blasting 

process. Wear 259 (1-6):84-94. 

Aharinejad, SH, and A Lametschwandtner. 1992. 

Fundamentals of Scanning Electron 

Microscopy. In Microvascular Corrosion 

Casting in Scanning Electron Microscopy: 

Springer. 

AOYAMA, Tomohiro, Masayasu NAGOSHI, and 

Kaoru SATO. 2017. Selective Visualization 

Techniques for Surface and Microstructure of 

Steel Products by Scanning Electron 

Microscopy. 

Autrata, R, and J Hejna. 1991. Detectors for low 

voltage scanning electron microscopy. 

Scanning 13 (4):275-287. 

Bagnell, Robert Jr. 2012. Dark Field Condensers. In 

Light Microscopy, e 

y, edited by R. J. Bagnell. 

Bagnell, Robert Jr. . 2012. Types of Specimens for 

Bright Field Microscodited by R. J. Bagnell. 

Bagnell, Robert Jr. 2012. Oil Immersion Technique. 

In Light Microscoppy. In Light Microscopy, 

edited by R. J. Bagnell: Pathology 464  

Bordo, V, and Horst-Günter Rubahn. 2005. Optical 

Microscopy. at Surfaces and Interfaces 26 

(420). 

Borel, Antony, Andreu Ollé, Josep Maria Vergés, and 

Robert Sala. 2014. Scanning electron and 

optical light microscopy: two complementary 



Journal of Materials and Electronic Devices 1 (2023) 33-53 

2 
approaches for the understanding and 

interpretation of usewear and residues on 

stone tools. Journal of Archaeological Science 

48:46-59. 

Bramfitt, Bruce L, and Arlan O Benscoter. 2002. 

Metallographer’s guide. Practices and 

Procedures for Irons and Steels, ASM 

International, Materials Park, OH, USA 87:3. 

Calvo, M, E Gautier, and A Simon. 1991. 

Association of polarized light metallography 

with quantitative image analysis for the 

characterization of microstructures. Journal of 

materials science 26 (5):1236-1246. 

Cantoni, Marco, and Lorenz Holzer. 2014. Advances 

in 3D focused ion beam tomography. MRS 

bulletin 39 (4):354-360. 

ÇARBOĞA, Cemal 2014. METALURJİ VE 

MALZEME MÜHENDİSLİĞİ BÖLÜMÜ 

MALZEME LABORATUVARI-I DERSİ. 

NEVŞEHİR METALURJİ VE MALZEME 

MÜHENDİSLİĞİ BÖLÜMÜ. 

Careddu, Nicola, and O Akkoyun. 2016. An 

investigation on the efficiency of water-jet 

technology for graffiti cleaning. Journal of 

Cultural Heritage 19:426-434. 

Centen, P. 2014. Complementary metal-oxide-

semiconductor (CMOS) and charge coupled 

device (CCD) image sensors in high-

definition TV imaging. In High Performance 

Silicon Imaging: Elsevier. 

CL Detectors. Tescan. Available from 

https://www.tescan.com/en-

us/technology/detectors/cl-detectors. 

CUDIC, DINKO 2019. A change in perspective 

through innovative automated surface 

preparation systems. edited by I. N. C. S. 

Session. Madrid: Montipower Surface 

Preparation Technologies. 

Chayen, J. 1983. Polarised light microscopy: 

principles and practice for the rheumatologist. 

Annals of the rheumatic diseases 42 (Suppl 

1):64. 

Cheney, Brandon. 2007. Introduction to scanning 

electron microscopy. Materials Engineering 

department San Jose State University. 

Chinn, Richard E. 2002. Ceramography: preparation 

and analysis of ceramic microstructures: 

ASM International. 

Danilatos, Gerry D, and VNE Robinson. 1979. 

Principles of scanning electron microscopy at 

high specimen chamber pressures. Scanning 2 

(2):72-82. 

Davidson, Michael W, and Mortimer Abramowitz. 

2002. Optical microscopy. Encyclopedia of 

imaging science and technology. 

de Andrés, C Garcıa, FG Caballero, Carlos Capdevila, 

and D San Martın. 2002. Revealing austenite 

grain boundaries by thermal etching: 

advantages and disadvantages. Materials 

Characterization 49 (2):121-127. 

Der, Mateosian Edward. 1950. Electrolytic polishing 

of metals. Google Patents. 

Dmitri, K. 2003. The Metallographic Examination of 

Archaeological Artifacts. Summer Institute In 

Materials Science And Material Culture. 

Dodt, Hans-Ulrich, Saiedeh Saghafi, Klaus Becker, 

Nina Jährling, Axel Niendorf, Christian Hahn, 

Marko Pende, and Martina Wanis. 2015. 

Ultramicroscopy: development and outlook. 

Neurophotonics 2 (4):041407. 

Draganovská, Dagmar, Gabriela Ižaríková, Anna 

Guzanová, and Janette Brezinová. 2018. 

General Regression Model for Predicting 

Surface Topography after Abrasive Blasting. 

Metals 8 (11):938. 

Dunlap, Michael, and JE Adaskaveg. 1997. 

Introduction to the scanning electron 

microscope. Theory, practice, & procedures. 

Facility for Advance Instrumentation. UC 

Davis 52. 

E407-07, ASTM. 2015. Standard practice for 

microetching metals and alloys. ASTM 

International West Conshohocken, PA. 

El Gomati, M.M. and  Prutton, M. 2006. 3.8 

ENERGY ANALYSERS In Scanning Auger 

Electron Microscopy edited by E. G. M. M. a. 

P. M. York: John Wiley & Sons Ltd. 

EN, BS. 10088-2: 2014 Stainless steels—Technical 

delivery conditions for sheet/plate and strip of 

corrosion resisting steels for general purposes 

BS EN 13245: 2008 Plastics—Unplasticized 

poly (vinyl chloride)(PVC-U) profiles for 

building applications—PVC-U profiles and 

PVC-UE profiles for internal and external wall 

and ceiling finishes BS EN 13501-1: 2007+ 

A1: 2009 Fire classification of construction 

products and building elements—

Classification using test data from reaction to 

fire tests BS EN ISO 6946: 2007 Building 

components and building elements—Thermal 

resistance and thermal transmittance—

Calculation method BS EN ISO 9001: 2008 

Quality management systems—Requirements 

ISO 14001: 2004. Environmental management 

systems. 

Evans, CJ, E Paul, David Dornfeld, DA Lucca, G 

Byrne, M Tricard, F Klocke, O Dambon, and 

BA Mullany. 2003. Material removal 

mechanisms in lapping and polishing. CIRP 

annals 52 (2):611-633. 

http://www.tescan.com/en-us/technology/detectors/cl-detectors
http://www.tescan.com/en-us/technology/detectors/cl-detectors


Journal of Materials and Electronic Devices 1 (2023) 33-53 

3 
Faust, Charles L. 1943. Method of polishing metals. 

Google Patents. 

Frandsen, Athela F. 2016. Polarized Light 

Microscopy. 

Goldstein, Joseph I. Lyman, Charles E. Newbury, 

Dale E. Lifshin, Eric. Echlin, Patric. Sawyer, 

Linda. Joy, C.David. and Michael, Joseph.R. 

2003. 2.2.4.   Field Emission Electron 

Guns. In Scanning Electron Microscopy and 

X-Ray Microanalysis edited by J. I. L. 

Goldstein, Charles E. Newbury, Dale E. 

Lifshin, Eric. Echlin, Patric. Sawyer, Linda. 

Joy, C.David. and Michael, Joseph.R. New 

York: Kluwer Academic/Plenum  

Goldstein, Joseph I. Lyman, Charles E. Newbury, 

Dale E. Lifshin, Eric. Echlin, Patric. Sawyer, 

Linda. Joy, C.David. and Michael, Joseph.R. 

2003. 3.4.1.   Backscattered Electrons In 

Scanning Electron Microscopy and X-Ray 

Microanalysis edited by J. I. L. Goldstein, 

Charles E. Newbury, Dale E. Lifshin, Eric. 

Echlin, Patric. Sawyer, Linda. Joy, C.David. 

and Michael, Joseph.R. New York: Kluwer 

Academic/Plenum. 

Goldstein, Joseph I. Lyman, Charles E. Newbury, 

Dale E. Lifshin, Eric. Echlin, Patric. Sawyer, 

Linda. Joy, C.David. and Michael, Joseph.R. 

2003. 3.4.2.1. Definition and Origin of SE In 

Scanning Electron Microscopy and X-Ray 

Microanalysis edited by J. I. L. Goldstein, 

Charles E. Newbury, Dale E. Lifshin, Eric. 

Echlin, Patric. Sawyer, Linda. Joy, C.David. 

and Michael, Joseph.R. New York: Kluwer 

Academic/Plenum. 

Goldstein, Joseph I. Lyman, Charles E. Newbury, 

Dale E. Lifshin, Eric. Echlin, Patric. Sawyer, 

Linda. Joy, C.David. and Michael, Joseph.R. 

2003. 4.3.2.3. Dedicated Backscattered 

Electron Detectors. In Scanning Electron 

Microscopy and X-Ray Microanalysis edited 

by J. I. L. Goldstein, Charles E. Newbury, 

Dale E. Lifshin, Eric. Echlin, Patric. Sawyer, 

Linda. Joy, C.David. and Michael, Joseph.R. 

New York: Kluwer Academic/Plenum  

Goldstein, Joseph I. Lyman, Charles E. Newbury, 

Dale E. Lifshin, Eric. Echlin, Patric. Sawyer, 

Linda. Joy, C.David. and Michael, Joseph.R. 

2003. 7.2. Energy-Dispersive X-Ray 

Spectrometer In Scanning Electron 

Microscopy and X-Ray Microanalysis edited 

by J. I. L. Goldstein, Charles E. Newbury, 

Dale E. Lifshin, Eric. Echlin, Patric. Sawyer, 

Linda. Joy, C.David. and Michael, Joseph.R. 

New York: Kluwer Academic/Plenum. 

Goldstein, Joseph I. Lyman, Charles E. Newbury, 

Dale E. Lifshin, Eric. Echlin, Patric. Sawyer, 

Linda. Joy, C.David. and Michael, Joseph.R. 

2003. 11.1.1. Specimen Preparation for 

Surface Topography. In Scanning Electron 

Microscopy and X-Ray Microanalysis edited 

by J. I. L. Goldstein, Charles E. Newbury, 

Dale E. Lifshin, Eric. Echlin, Patric. Sawyer, 

Linda. Joy, C.David. and Michael, Joseph.R. 

New York: Kluwer Academic/Plenum. 

Goldstein, Joseph I. Lyman, Charles E. Newbury, 

Dale E. Lifshin, Eric. Echlin, Patric. Sawyer, 

Linda. Joy, C.David. and Michael, Joseph.R. 

2003. 12.2.   Microscopy of Polymer. In 

Scanning Electron Microscopy and X-Ray 

Microanalysis edited by J. I. L. Goldstein, 

Charles E. Newbury, Dale E. Lifshin, Eric. 

Echlin, Patric. Sawyer, Linda. Joy, C.David. 

and Michael, Joseph.R. New York: Kluwer 

Academic/Plenum  

Goldstein, Joseph I. Lyman, Charles E. Newbury, 

Dale E. Lifshin, Eric. Echlin, Patric. Sawyer, 

Linda. Joy, C.David. and Michael, Joseph.R.  . 

2003. 2.1.1.3. Electron Detector Collects the 

Signal In Scanning Electron Microscopy and 

X-Ray Microanalysis edited by K. 

Academic/Plenum. 

Goodhew, Peter. J. Humphreys, John. and Beanland, 

Richard. 2001. 6.2. I Energy-dispersive 

analysis. In Electron Microscopy and Analysis 

edited by P. J. H. Goodhew, John. and 

Beanland, Richard. New York: Taylor & 

Francis Inc  

Gray, RJ. 1974. Magnetic etching with ferrofluid. In 

Metallographic Specimen Preparation: 

Springer. 

Gunawardane, Richard P, and Christopher R 

Arumainayagam. 2006. Auger electron 

spectroscopy. In Handbook of applied solid 

state spectroscopy: Springer. 

Hafner, Bob. 2007. Scanning electron microscopy 

primer. Characterization Facility, University 

of Minnesota-Twin Cities:1-29. 

Hamers, MF, and MR Drury. 2011. Scanning electron 

microscope‐cathodoluminescence (SEM‐CL) 

imaging of planar deformation features and 

tectonic deformation lamellae in quartz. 

Meteoritics & Planetary Science 46 (12):1814-

1831. 

Heaysman, Joan EM, Susan M Pegrum, and TM 

Preston. 1982. Spreading chick heart 

fibroblasts: A correlated study using phase 

contrast microscopy, RIM, TEM and SEM. 

Experimental cell research 140 (1):85-93. 

Heydenreich, Johannes. 1993. Scanning electron 

microscopy in semiconductor research. 



Journal of Materials and Electronic Devices 1 (2023) 33-53 

4 
Scanning 15 (6):315-315. 

Hull, David R, Todd A Leonhardt, and William A 

Sanders. 1992. Plasma etching a ceramic 

composite.[evaluating microstructure]. 

Ishikawa, Toyoji. 1989. Scanning electron 

microscope. Google Patents. 

Jbara, Omar, Slim Fakhfakh, Mohamed Belhaj, and 

Sebastien Rondot. 2004. Charge implantation 

measurement on electron-irradiated insulating 

materials by means of a SEM technique. 

Microscopy and Microanalysis 10 (6):697-

710. 

Joel. 2009. SEM Scanning Electron Microscope A To 

Z, Basic Knowledge For Using The SEM. 

JEOL Ltd: Peabody. 1:1-32. 

Johnson, Leonard N. 1972. Phase discrimination 

using scanning electron microscopy 

techniques. Journal of dental research 51 

(3):789-794. 

Johnson, R. 1996. Environmental scanning electron 

microscopy, an introduction to ESEM. Robert 

Johnsson Associates, El Dorado Hills, CA. 

Jonkman, James EN, Jim Swoger, Holger Kress, 

Alexander Rohrbach, and Ernst HK Stelzer. 

2003. [18] Resolution in optical microscopy. 

In Methods in enzymology: Elsevier. 

JUNLI, WU. 2008. An integrated sputter-ion pump 

add-on lens unit for scanning electron 

microscopes. 

Krivanek, OL, GJ Corbin, N Dellby, BF Elston, RJ 

Keyse, MF Murfitt, CS Own, ZS Szilagyi, and 

JW Woodruff. 2008. An electron microscope 

for the aberration-corrected era. 

Ultramicroscopy 108 (3):179-195. 

Landolt, D, P-F Chauvy, and O Zinger. 2003. 

Electrochemical micromachining, polishing 

and surface structuring of metals: fundamental 

aspects and new developments. 

Electrochimica Acta 48 (20-22):3185-3201. 

Laronga, Victor, and Stanley Thorburn. 1993. 

Darkfield illuminator for a microscope slide. 

Google Patents. 

Leng, Yang. 2013. Bright-Field and Dark-Field 

Imaning. In Materials Characterization: 

Introduction to Microscopic and 

Spectroscopic Methods, edited by Y. Leng: 

Wiley-VCH Verlag GmbH & Co. KGaA. 

Leng, Yang. 2013. Etching. In Materials 

Characterization Microscopic and 

Spectroscopic, edited by Y. Leng: Wiley-

VCH Verlag GmbH & Co. KGaA. 

Leng, Yang. 2013. Grinding and Plishing. In 

Materials Characterization Microscopic and 

Spectroscopic Methods, edited by Y. Leng: 

Wiley-VCH Verlag GmbH & Co. KGaA. 

Liang, Rongguang, J Kevin Erwin, and Masud 

Mansuripur. 2000. Variation on Zernike’s 

phase-contrast microscope. Applied optics 39 

(13):2152-2158. 

Liu, Xinyu, Zhe Lu, and Yu Sun. 2010. Orientation 

control of biological cells under inverted 

microscopy. IEEE/ASME Transactions on 

Mechatronics 16 (5):918-924. 

Louthan Jr, MR. 1986. Optical metallography. ASM 

Handbook. 10:299-308. 

Lloyd, Geoffrey E. 1987. Atomic number and 

crystallographic contrast images with the 

SEM: a review of backscattered electron 

techniques. Mineralogical Magazine 51 

(359):3-19. 

Malureanu, Radu, Enrico Ferrari, and Enzo Di 

Fabrizio. 2004. Advantages and disadvantages 

in using oil-immersed microscope objectives 

for optical trapping. Paper read at Optical 

Trapping and Optical Micromanipulation. 

Mann, Christopher J, Lingfeng Yu, Chun-Min Lo, and 

Myung K Kim. 2005. High-resolution 

quantitative phase-contrast microscopy by 

digital holography. Optics express 13 

(22):8693-8698. 

Manoharan, M, and JJ Lewandowski. 1989. In-situ 

deformation studies of an aluminum metal-

matrix composite in a scanning electron 

microscope. Scripta metallurgica 23 

(10):1801-1804. 

Masters, Barry R. 2001. History of the optical 

microscope in cell biology and medicine. e LS. 

Maurer, Christian, Alexander Jesacher, Stefan Bernet, 

and Monika Ritsch-Marte. 2008. Phase 

contrast microscopy with full numerical 

aperture illumination. Optics express 16 

(24):19821-19829. 

McCrone, Walter C. 1994. Polarized light microscopy 

in conservation: A personal perspective. 

Journal of the American Institute for 

Conservation 33 (2):101-114. 

McCrone, WC, LB McCrone, and JG Delly. 1978. 

Polarized Light Microscopy− Ann Arbor. 

Mich. 

McLaughlin, Robert B. 1977. Special Methods in 

Light Microscopy. Vol. 17: Microscope 

Publications. 

McMullan, D. 1995. Scanning electron microscopy 

1928–1965. Scanning 17 (3):175-185. 

Melentiev, Ruslan, Chengwei Kang, Gang Shen, and 

Fengzhou Fang. 2019. Study on surface 

roughness generated by micro-blasting on Co-

Cr-Mo bio-implant. Wear 428:111-126. 

Mills, Robert Jeffrey. 2014. Abrasive Blasting with 

Post-Process and In-Situ Characterization, 



Journal of Materials and Electronic Devices 1 (2023) 33-53 

5 
Virginia Tech. 

Moncrieff, DA, and PR Barker. 1978. Secondary 

electron emission in the scanning electron 

microscope. Scanning 1 (3):195-197. 

Murphy, Douglas B. 2001. Overview. In 

Fundamentals of Light Microscopy and 

Electronic Imaging, edited by D. B. Murphy. 

New Tork: Wiley-LISS. 

Nada, M.H. 2015. Scanning Electron Microscopy. 

BAOJ Microbiology 1:005. 

optics, Viyee. Microscopio metalográfico en la 

industria de productos de aluminio (gráfico)  

2018 [cited 21 of March. Available from 

http://www.wyyqcj.com/article/188.html. 

Orvis, Kenneth H, and Henri D Grissino-Mayer. 

2002. Standardizing the reporting of abrasive 

papers used to surface tree-ring samples. 

Petzow, Günter. 1999. Metallographic etching: 

techniques for metallography, ceramography, 

plastography: ASM international. 

Postek, Michael T, Karen S Howard, Arthur H 

Johnson, and Kathlyn L McMichael. 1980. 

Scanning Electron Microscopy: A Student’s 

Handbook. Ladd Research Industries. Inc, 

Burlington, VT. 

Radetic, Tamara. 2011. Fundamentals of Scanning 

Electron Microscopy and Energy Dispersive 

X-ray Analysis in SEM and TEM. Faculdade 

de Tecnologia e Metalurgia, Universidade de 

Belgrado, Servia. 

Reimer, Ludwig. 2013. Scanning electron 

microscopy: physics of image formation and 

microanalysis. Vol. 45: Springer. 

Richards, RG, G Rh Owen, and I Ap Gwynn. 1999. 

Low voltage backscattered electron imaging 

(< 5 kV) using field emission scanning 

electron microscopy. Scanning Microsc 13 

(1):55-60. 

rlton, Robert Allen. 2011. Polarized light microscopy. 

In Pharmaceutical microscopy: Springer. 

Robinson, VNE. 1980. Imaging with backscattered 

electrons in a scanning electron microscope. 

Scanning 3 (1):15-26. 

Rodríguez-Hernández, Ana G, A Juárez, E Engel, and 

FJ Gil. 2011. Streptococcus sanguinis 

adhesion on titanium rough surfaces: effect of 

shot-blasting particles. Journal of Materials 

Science: Materials in Medicine 22 (8):1913-

1922. 

Samuels, Leonard Ernest. 2003. Components of 

Polishing Systems In Metallographic 

Polishing by Mechanical Methods edited by 

L. E. Samuels. Cleveland: ASM International. 

Samuels, Leonard Ernest. 2003. Metallographic 

polishing by mechanical methods: Asm 

International. 

Samuels, Leonard Ernest. 2003. Polishing Rates 

Obtained with Colloidal Silica. In 

Metallographic Polishing by Mechanical 

Methods edited by L. E. Samuels. Cleveland: 

ASM International. 

Samuels, Leonard Ernest. 2003. Quantity of Polishing 

Fluid. In Metallographic Polishing by 

Mechanical Methods edited by L. E. Samuels. 

Cleveland: ASM International. 

Samuels, Leonard Ernest. 2003. Summary of Optimal 

Conditions of Using Diamond Abrasives in 

Manual System. In Metallographic Polishing 

by Mechanical Methods, edited by L. E. 

Samuels. Cleveland: ASM International. 

Samuels, Leonard Ernest. 2003. Type of Diamond. In 

Metallographic Polishing by Mechanical 

Methods edited by L. E. Samuels. Cleveland: 

ASM International. 

Samuels, Leonard Ernest, and Samuels  Consultants. 

1992. Polishing Wear Friction, Lubrication, 

and Wear Technology 18:191-198. 

SCOTT, DAVID A. . 1991. Etching and Etching 

Solutions In Metallography and 

Microstructure of Ancient and Historic Metals  

edited by I. Averkieff. California: Libraty of 

Congress Cataloguing-in-Publication Dat. 

SCOTT, DAVID A. . 1991. Mounting and Preparing 

Specimens In Metallography and 

Microstructure of Ancient and Historic Metals  

edited by I. Averkieff. California: Libraty of 

Congress Cataloguing-in-Publication Dat. 

SCOTT, DAVID A. . 1991. Reflected Polarized Light 

Microscopy In Metallography and 

Microstructure of Ancient and Historic Metals  

edited by I. Averkieff. California: Libraty of 

Congress Cataloguing-in-Publication Dat. 

Schmolze, Daniel B, Clive Standley, Kevin E 

Fogarty, and Andrew H Fischer. 2011. 

Advances in microscopy techniques. Archives 

of pathology & laboratory medicine 135 

(2):255-263. 

Schreier, Hubert W, Dorian Garcia, and Michael A 

Sutton. 2004. Advances in light microscope 

stereo vision. Experimental mechanics 44 

(3):278-288. 

Semwogerere, Denis, and Eric R Weeks. 2005. 

Confocal microscopy. Encyclopedia of 

biomaterials and biomedical engineering 23:1-

10. 

Sin, H, N Saka, and NP Suh. 1979. Abrasive wear 

mechanisms and the grit size effect. Wear 55 

(1):163-190. 

Sinha, Sujeet K Kumar. 2006. Scratching of materials 

and applications. Vol. 51: Elsevier. 

http://www.wyyqcj.com/article/188.html


Journal of Materials and Electronic Devices 1 (2023) 33-53 

6 
Sivanandini, M, Sukhdeep S Dhami, and BS Pabla. 

2013. Chemical mechanical polishing by 

colloidal silica slurry. International Journal of 

Engineering Research and Applications 3 

(3):1337-1345. 

SLĂTINEANU, Laurenţiu, Ştefan POTÂRNICHE, 

Margareta COTEAŢĂ, Irina GRIGORAŞ, 

Lorelei GHERMAN, and Florin NEGOESCU. 

2011. Surface roughness at aluminium parts 

sand blasting. Proceedings in Manufacturing 

Systems 6 (2):69-74. 

Spring, KR, and S Inoué. 1997. Video microscopy: 

the fundamentals. New York: Plenum Press. 

Stokes, Debbie. J. 2008. 2.4.2 Backscattered 

Electrons In Principles and Practice of 

Variable Pressure/Environmental Scanning 

Electron Microscopy (VP-ESEM), edited by 

M. Rainforth. Padstow: Royal Microscopical 

Society. 

Stokes, Debbie. J. 2008. 2.4.3 Secondary Electrons. 

In Principles and Practice of Variable 

Pressure/Environmental Scanning Electron 

Microscopy (VP-ESEM), edited by M. 

Rainforth. Padstow: Royal Microscopical 

Society. 

Stokes, Debbie. J. . 2008. 2.4 Signals and Detection 

In Principles and Practice of Variable 

Pressure/Environmental Scanning Electron 

Microscopy (VP-ESEM) edited by M. 

Rainforth. Padstow: Royal Microscopical 

Society. 

Stokes, DJ. 2008. 2.4. Signals and Detection In 

Principles and Practice of Variable 

Pressure/Environmental Scanning Electron 

Microscopy (VP-ESEM) edited by M. 

Rainforth. Padstow: John Wiley & Sons Ltd  

Stokes, DJ, BL Thiel, and AM Donald. 1998. Direct 

Observation of Water− Oil Emulsion Systems 

in the Liquid State by Environmental 

Scanning Electron Microscopy. Langmuir 14 

(16):4402-4408. 

Svoboda, Karel, and Ryohei Yasuda. 2006. Principles 

of two-photon excitation microscopy and its 

applications to neuroscience. Neuron 50 

(6):823-839. 

Swann, MM, and JM Mitchison. 1950. Refinements 

in polarized light microscopy. Journal of 

Experimental Biology 27 (2):226-237. 

Swihart, John R. 1953. Method and composition for 

chemically polishing metals. Google Patents. 

Technologies, PACE. 2006. Metallographic Etchants 

PACE Technologies 20192006]. 

Uhlmann, Eckart and Hollan, Rober. 2008. Laser 

Assisted Dry Ice Blasting, Hybrid Machine 

Tool Concept for Cleaning and Recycling. 

Paper read at Effizient und schonend reinigen, 

13 of November, at Berlin. 

Vainrub, Arnold, Oleg Pustovyy, and Vitaly 

Vodyanoy. 2006. Resolution of 90 nm (λ/5) in 

an optical transmission microscope with an 

annular condenser. Optics letters 31 

(19):2855-2857. 

Vander, Georgee F. 2012. Applied metallography: 

Springer Science & Business Media. 

Vander Voort, George. 2004. Color metallography. 

Microscopy and Microanalysis 10 (S02):70-

71. 

Vander Voort, George. 2007. Color Photography. In 

METALLOGRAPHY PRINCIPLES AND 

PRACTICE, edited by G. Vander Voort. 

NewYork: ASM International. 

Vander Voort, George. 2007. Polarized-Light 

Etchants In METALLOGRAPHY PRINCIPLES 

AND PRACTICE edited by G. Vander Voort. 

New York: ASM International. 

Vander Voort, George F. 1986. The SEM as a 

metallographic tool. In Applied 

Metallography: Springer. 

Vander Voort, George F. 1999. Light Microscopy. In 

Metallography Principles and Practice  edited 

by A. International. New York: ASM 

International. 

Vander Voort, George F. 1999. Microstructure In 

Metallography Principles and Practice  edited 

by A. International. New York: ASM 

International. 

Vander Voort, George F. 2007. Examination Modes 

in Light Microscopy. In METALLOGRAPHY 

PRINCIPLES AND PRACTICE, edited by G. 

F. Vander Voort. New york: ASM 

International. 

Vander Voort, George F. 2007. Introduction. In 

METALLOGRAPHY PRINCIPLES AND 

PRACTICE edited by G. F. Vander Voort. 

New York: ASM International. 

Vander Voort, George F. . 1999. Specimen 

Preparation for Light Microscopy In 

SPECIMEN PREPARATION FOR LIGHT 

MICROSCOPY edited by McGraw-Hill. New 

York: ASM International. 

Vander Voort, George F. . 2007. Etching Theory In 

METALLOGRAPHY PRINCIPLES AND 

PRACTICE, edited by G. F. Vander Voort. 

illinios: ASM International. 

Vecom. ERAMIC BLASTING OF STAINLESS STEEL 

Vecom. 

Vernon-Parry, KD. 2000. Scanning electron 

microscopy: an introduction. III-Vs Review 13 

(4):40-44. 

Villiger, Martin, Christophe Pache, and Theo Lasser. 



Journal of Materials and Electronic Devices 1 (2023) 33-53 

7 
2010. Dark-field optical coherence 

microscopy. Optics letters 35 (20):3489-3491. 

Wayne, Randy. 2019. 7. Fluorescence Microscopy. In 

Light and Video Microscopy, edited by H. 

Carr. Oxford: Clocke, Charlotte. 

Wegerhoff, R, O Weidlich, and M Kassens. 2007. 

Basics of light microscopy and imaging. 

Imaging & Microscopy:1-56. 

Węglowski, Marek St. 2013. Electrolytic etching in 

welding metallography. Institute of Welding 

Bulletin 2:5-10. 

Wilkinson, Rudolph P. 1954. Binocular comparison 

microscope. Google Patents. 

Wolf, David E, and Greenfield Sluder. 1998. Video 

Microscopy. Vol. 56: Academic Press. 

Yoshimura, Nagamitsu. 2008. Designing of 

Evacuation Systems. In Vacuum Technology: 

Springer. 

Zakerinia, H, A Kermanpur, and A Najafizadeh. 

2009. Color metallography; a suitable method 

for characterization of martensite and bainite 

in multiphase steels. International Journal of 

Iron & Steel Society of Iran 6 (1):14-18. 

Zephyris. Micrograph of Whatman lens tissue paper  

2010 [cited 29 of June. Available from 

https://en.wikipedia.org/wiki/Dark-

field_microscopy#/media/File:Paper_Microgr

aph_Bright.pn. 

Zhou, Weilie, Robert Apkarian, Zhong Lin Wang, 

and David Joy. 2006. Fundamentals of 

scanning electron microscopy (SEM). In 

Scanning microscopy for nanotechnology: 

Springer. 

Zipperian, Donald. 2002. Silicon carbide abrasive 

grinding. Quality Matters Newsletter 1 (2):1-

3. 

Zipperian, Donald. 2003. Chemical etching. PACE 

Technologies 2:5. 

Zipperian, Donald C. 2001. Metallographic specimen 

preparation basics. Pace technology. 

Zipperian, Donald C. 2011. Metallographic 

handbook. PACE Technologies, Tucson, 

Arizona, USA. 

 

 

 


