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A B S T R A C T

With the depletion of natural resources, it is essential to use recycled materials and industrial
wastes to adapt the expanding building sector to the environment. Slag from electric arc furnaces
is one example that can be used as a siderurgical aggregate in concrete production. Studying the
interfacial transition zone between the aggregate and the binder is necessary because the reaction
between the aggregate and the binder can significantly impact the concrete's microstructure and
mechanical properties. In order to examine any concrete sample with any physical or chemical
structure, this study introduces the instruments used to conduct these studies and the methods for
preparing concrete samples for the desired area. The results show that solvent exchange with
Ethanol is the best method for draining water from the inner surface of the sample in the interfa-
cial transition zone (ITZ) with minimal destruction. Also, the kind of sample and its information
determine the type of coating that should be applied. Gold is the best choice to examine the
topography of the sample surface because it has a higher electron return coefficient than other el-
ements and produces images of higher quality. The epoxy with a viscosity of 550 cP (20 °C) or
150 cP (50 °C), a maximum curing temperature of 50 °C, a curing time of 8 h, and an epoxy-to-
hardener ratio of 25 to 3 g is the best configuration for having the best sample for microanalysis.

1. Introduction
During 1956 research into concrete, Jacques Farran found a region with distinct characteristics in the space between the cement

paste and the aggregate. Additionally, he found that a concrete transition zone has several detrimental effects, such as a lack of adhe-
sives [1–4] and an increase in some non-adhesives in ITZ [5,6]. For instance, ettringite and calcium hydroxide crystals, which lack ad-
hesive properties, are more prevalent in ITZ than in other concrete areas [7,8]. In contrast, calcium silicate hydrate gel, a cementi-
tious material with adhesion properties, is less present than in the bulk paste [9]. Furthermore, compared to the bulk microstructure,
the ITZ between cement paste and aggregate also has an increased porosity [10,11], decreased compressive and tensile strengths
[12–14], and increased permeability [15,16], all of which result in concrete being more susceptible to sulfate and chloride penetra-
tion and eventual deterioration [17–19]. Researchers have been working to reduce the detrimental characteristics of the cement paste
and aggregate transition region for roughly 60 years and have employed various techniques [20,21] (see Table 1).
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Table 1
Six-step information for sample polishing.

Polish surface steps Step 1 Step 2 Step 3 Step 4 Step 5 Step 6

Abrasive (μm) 186 46 30 18 10 6
Water on on on on on on
Speed (rpm) 150 150 160 170 180 190
Pressure (kg/cm2) 8.77 8.46 8.15 8.15 7.75 7.44
Time (min) 2:00 2:00 2:30 4:00 4:00 5:00

ITZ is the region around each aggregate particle where the microstructure is changed by aggregate presence. The “wall effect,”
brought on by the compacting of anhydrous cement grains against the comparatively flat aggregate surface, is thought to be the origin
of ITZ [1,3,22]. The ITZ is frequently thought to be 30 μm thick from the edge of the aggregate [23]. For the ITZ area's structure, some
models have been put forth to date, the most well-known of which views the region as a uniform shell [24–27]. However, the materi-
als' properties and porosity are more similar to the matrix mass in the transfer area's boundary regions [28]. This boundary area lies
between ITZ, and the matrix mass of five μm and has a thickness of approximately [24,25,29–31].

Steel slag can be converted into siderurgical aggregates (SA) through a process and used for internal metallurgical [16], road
building [17], cement, and concrete (eco-concrete) [16,18–20]. Slags from steel-making processes, such as electric arc furnaces
[32–34], are of particular interest for their potential to yield equivalent or better concrete performance relative to natural aggregates
[34–37]. However, the properties of steel furnace slags will vary, thus resulting in concretes with variable mechanical and durability
performance [38–40].

While the ITZ has been studied for decades with natural aggregates, less attention has been given to recycled, waste, and by-
product aggregates. As parts of the world experience a depletion of quality aggregate stockpiles [41–44], recycled aggregates need to
become a stronger focus for research. Furthermore, the ITZ of concretes with steel furnace slag will be variable [45], necessitating
studying the ITZ of concretes with these materials. Furthermore, ITZ is one of the weakest concrete areas; a halo surrounding the ag-
gregate is very prone to cracking [1,18]. Therefore, the ITZ area is critical to understanding the mechanical behavior of concrete. Fi-
nally, there is no specific standard for making and preparing samples needed for microscopic photography. In some cases, only a mini-
mal sample is available, and errors in making and processing the sample before photographs can lead to the loss of the sample. There-
fore, the present research has been done to minimize manufacturing error and waste of time to obtain the desired result and familiar-
ize with the process of doing these things. This study can be considered this way because in most studies conducted, the method used
and its effects for making and preparing samples by a conductive or epoxy coating method have yet to be thoroughly investigated.
Moreover, according to the results obtained in this study, this directly affects the results of the ITZ analysis.

2. Background
A light microscope, or optical microscope (OM), is the most conventional type. Light microscopes are often non-invasive, inexpen-

sive, and durable, leaving the item being imaged unaltered. Light microscopy comes in a wide variety. However, they usually cannot
identify details and objects smaller than about 0.1 mm (100 μm) [46,47]. A microscope's resolution is its capacity to distinguish two
features that are spaced a certain amount apart as distinct image objects. The wavelength of visible light radiation, which varies from
400 nm to 700 nm, determines the resolution limit for a light microscope as an intrinsic characteristic [46,48]. In an OM, it may be
possible to increase the magnification of images by changing the curvature of the surface of the lenses (degree of concavity and con-
vexity) and their number. However, due to the long wavelength of light, images practically lose their sharpness at magnifications
above 2000. For example, seeing organic cells' structures requires 10,000× magnification, which is impossible with a light micro-
scope with visible wavelengths [49]. The most popular types of microscopes used to examine cement-based materials are the metallo-
graphic microscope (reflected light) and the petrographic microscope (transmitted light) [50], and a smooth polished surface is neces-
sary for viewing in both circumstances [51].

In contrast to OM, electron microscopy uses electrons to image, which have a wavelength that is orders of magnitude smaller than
visible light, allowing the magnification of electron microscopy to be on the order of 1,000,000x or more. Depending on the kind of
microscope being used, there are two general classifications of electron microscopy: scanning electron microscopy (SEM) and trans-
mission electron microscopy (TEM). All SEM and TEM microscopes produce an extremely focused electron beam that strikes the spec-
imen inside a vacuum chamber. On the other hand, TEM microscopes are primarily designed to investigate the interior structure of
specimens. In contrast, SEM microscopes are primarily geared to analyze material surfaces, not unlike reflected light microscopes
[47,52].

By SEM method, two-dimensional images of the sample structure are obtained. When electrons collide with a sample surface, the
material's electrons are excited, and when they return to their original orbit, they are emitted as electrons from the sample's surface
and collected and analyzed by a detector [53,54]. These emitted electrons are known as secondary electrons. The interaction of the
primary electron beam with the sample surface will also produce other electrons, including backscattered electrons and Auger elec-
trons, as well as characteristic X-rays. The detection of specific electrons and X-rays from the sample are used to characterize various
properties of the material, such as chemical composition, surface topography, morphology, crystallography, and electrical and mag-
netic properties. Concrete has pores, which is why liquids and gases can easily penetrate it. As a result, the concrete surface exposed
to air is carbonated almost immediately, and a micron-thick carbonate layer is formed on it. Therefore, the vacuum technology must
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cover the sample's surface. Also, in the polishing stage, the sample's surface should be polished well to remove the carbonized layer, if
there is any.

Ignition of gases and the possibility of ionizing electrons in the gas environment, the possible discharge of the charge, leading to
instability of the beams [55]. The brightness and sharpness of each point in the SEM image depend on the intensity (number) of elec-
trons returning from the sample surface, which is also strongly dependent on the local quality of the surface [56]. This way, a measure
of the elevation and height of the surface can be obtained. In the obtained images, the light points indicate the raised surface, and the
darker points indicate the surface holes and depressions. Fig. 1 shows the internal and external views of an SEM device.

A significant section of the material is exposed to an electron beam at the TEM [47]. The image is produced when an electron-
sensitive screen is exposed to the passing electron beam. The sample's thickness must be less than 100 nm for the electron beam to
pass through [9,57]. In some studies, samples with a thickness of up to 200 nm have been used with this method [58]. However, it
should be noted that the quality of the obtained results decreases with the increase in thickness [59–61]. Because of this, it is neces-
sary to thin the sample to take pictures of non-powder samples, which can be extremely challenging in some circumstances. There-
fore, powder samples with particle size less than 100 nm do not require special preparation [62].

Scanning Probe Microscope (SPM) is a general term for a set of techniques that scan the surface of a material with resolution on
the nanometer scale or even less than angstroms and produce topographical images or maps of a physical or chemical property of the
surface of the material [63]. Prepares In this technique, like other scanning microscopy methods such as SEM, the surface of the sam-
ple is scanned by a needle or probe, and by measuring and processing the signal obtained from different points of the scanned surface
on the sample, the image of that surface is prepared [64,65]. The resolution and magnification of the scanning probe microscope are
better than conventional electron microscopes, and it also provides the ability to produce 3D images of atoms [66]. In addition to cre-
ating an image, this technique also allows the movement of atoms. Unlike most common electron microscopes that require vacuum
and sample preparation, scanning probe microscopes work in addition to vacuum, in air, or under the surface of a liquid, with mini-
mal sample preparation (and in some cases without the need for preparation) [63,65].

Along with the possibility of measuring and using different signals for imaging, it examines a wide range of hard, soft, conductive,
semiconductor, insulating, magnetic, and materials [64,66]. The resolution of microscopic images is determined according to the
type of beam used. For example, a resolution of about one μm or even 200 nm can be achieved using optical microscopes, and a reso-
lution of about 1 nm to a few Angstroms can be achieved using electron and STM microscopes. In this regard, the vertical and hori-
zontal accuracy of some of the essential microscopic methods is shown in Fig. 2. As seen in Fig. 2, many methods overlap, especially in
the range of 10–100 nm. However, these methods do not necessarily produce images from the same part of the sample. For example,
SEM and TEM both have much overlap, but the former images are of the surface, and the last images are of the interior of the material.
In this regard, the depth of focus and accuracy of microscopic methods are shown in Fig. 2. Also, in Fig. 3, the difference in the hard-
ware of the three mentioned methods of SEM, TEM, and SPM is stated. As it is known, the two SEM and TEM methods are very similar
in terms of how the hardware works.

According to Fig. 4, image (a) is related to the backscattered electron imaging mode (b) is related to SEM imaging in the secondary
electron mode and image [54,55,70]. In the case of the secondary electron, the position and height of the sample surface are well-
defined, and crystals with particles between them can be seen. Return electron images, the post and surface altitudes are not well
known, but a clear contrast is observed between the particles between the crystals, indicating that the material of the particles be-
tween the crystals is different from that of the crystals. Brighter areas in imaging mode are related to materials and compounds with
higher atomic numbers [56,71].

Fig. 1. Internal and external view of SEM device: Exterior of the instrument (a), vacuum area sample position (b), and semiconductor and detector components (c).
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Fig. 2. The depth of focus and accuracy of microscopic methods [67].

Fig. 3. The difference in the hardware of the three Imaging by electron microscopy methods of SEM, TEM, and SPM [68,69].

3. Sample preparation
There are two methods to prepare and cover the surface of the samples. One method is to cover the surface of the sample with gold

or gold coating (GC), and another is to use epoxy resin to cover the sample's surface or epoxy coating (EC) [72,73]. In the GC method,
the distance between the sample and the target, typically used to modify the layer's thickness from a flow chart in terms of time, can
be controlled by three factors in this method: flow, time, and the thickness of the applied coating. For low magnifications (between 5
and 10,000 times), pure gold is typically used, followed by gold/platinum for medium magnifications (between 10,000 and 50,000
times) and platinum for magnifications greater than 50,000 times [74]. In the EC method, which is a family of two-component resins
and includes “resin base” and “hardener” in a particular proportion, according to its formulation and application, these two compo-
nents must be mixed [75,76]. The resin base (A) is the main component that requires the hardener of component (B) [73,77]. There
are different resin bases, most of which are available and suitable samples of the “Bisphenol-A″ type [78–80]. The most widely used
epoxy hardeners are divided into two main groups: polyamine hardeners and polyamide hardeners [80–83]. The hardeners used to
make EC samples are polyamine type, which are usually diluted and colorless [79,84,85]. The resin used in this research is the Epofix
type. This epoxy has a viscosity of 550 cP (20 °C)/150 cP (50 °C), a maximum curing temperature of 50 °C, a curing time of 8 h, and
an epoxy-to-hardener ratio of 25 to 3 g.



Journal of Building Engineering 67 (2023) 106008

5

A. Aghajanian et al.

Fig. 4. SEM image in the secondary and backscattered electron modes.

3.1. Sample drying process
Structured water, gel water, and capillary water are some types found in hydrated cement. Crystallization water and chemically

bound, non-evaporable water that can only be extracted through hydrate decomposition are examples of structural water Decomposi-
tion [86,87]. Gel water is kept on the surface of the top cement hydration product, C-S-H gel, by capillary tension and strong hydro-
gen bonding [88]. Evaporation at ambient or reduced pressure, at ambient or elevated temperature, removes this water from nanome-
ter-scale pores. As a result, the unbound water inside the pores is available for reaction during hydration, known as capillary water
[89–91]. Therefore, capillary water must be eliminated when stopping hydration and drying cement paste. The composition and mi-
crostructure of many cement hydrates may change if the first two types of water are removed, which could be undesirable. Because
they have the highest relative surface area, the smallest gel pores make it difficult to replace or remove water [92,93]. In addition, the
temporary capillary pressure caused by the stresses associated with the surface tension of the receding water menisci may cause the
sample to shrink and change the fine pore structure of the cement paste [87,89].

Drying-related phenomena include desaturation, the reaction of hydration products with solvents, desorption, and dehydration.
However, these methods can cause microcracking, changes in capillary porosity, the collapse of gel pores, and mineralogical transfor-
mations [86,91–93]. Direct drying (removing water by evaporation or sublimation) and solvent exchange are the two main tech-
niques for stopping hydration and removing water [91,92]. Water is eliminated using all direct drying methods by turning it into va-
por. The water inside the cement paste will be liquid if the specimen is at room temperature and atmospheric pressure before the dry-
ing technique is used. The interfacial tension produces capillary suction at the boundary between the liquid and gas phases. It can
lead to microcracking and the collapse of the delicate microstructure of the cement paste [92]. The ideal solvent would have a small
molecular size to replace the water in the smallest pores when using the solvent exchange method. In addition, a lower boiling point
(higher vapor pressure) makes it easier to remove the solvent without having to heat the mixture to levels that might change the ce-
ment's structure or composition. Finally, the solvent must be soluble to replace the water in the pores and stop hydration; effective hy-
dration arrest can be achieved by diffusing the water quickly. In addition, reduced surface tension can reduce drying-related pore
structure damage.

This study used the solvent exchange method to dry the samples. The solvent used is Ethanol, which is abbreviated as EtOH. Its
chemical formula is CH3CH2OH, its molecular weight is 46.07, its specific gravity is 0.789, Insoluble in water and its boiling point is
78.4 °C. The specimen is weighed before submerging it in an organic liquid to replace the solvent. The solvent diffuses into the paste
during immersion, taking the place of the pore solution. The change in the specimen's mass is a gauge for the solvent's penetration. Af-
ter the weight settles, the solvent evaporates at room temperature, higher temperatures, under atmospheric pressure, or in a vacuum.

3.2. Preparation of samples for gold coating (GC)
On the surface of non-conductive samples like concrete, standard coatings are frequently made of gold, gold/palladium, platinum,

or carbon [74]. The kind of sample and the kind of information needed from the sample determine the type of applied coating that
should be used. When making this decision, it is essential to consider the applied coating material's electrical conductivity, secondary
electron emission speed, chemical stability, and cost [94]. In addition, it should be noted that coatings of chromium, copper, alu-
minum, and different kinds of refractory metals, such as tungsten and tantalum, can also be used as conductive coatings on the surface
of the samples in exceptional circumstances and according to the results required from the sample [72,95]. Gold or gold/palladium
coating is typically used to examine the topography of the sample surface because it has a higher electron return coefficient than other
elements and produces images of higher quality.

One of the most critical points to pay attention to when applying a suitable coating on the surface of semi-conductive and non-
conductive samples is the thickness of the applied coating, which has a direct relationship with the coating method. The thickness of
the applied coating layer should be only enough to create a suitable conductive path for the flow of electrons. On the other hand, the
applied coating should be thin enough not to darken and disappear details related to the topography of the sample surface. On the
other hand, the gold particles are entirely fine-grained and adhere to the sample's surface more uniformly. Because the gold element
overlaps the most with elements like phosphorus and sulfur in the results of the chemical analysis of the sample and decreases the ac-
curacy of the percentage of the elements in the sample [96,97], carbon coating is chosen over gold coating for samples that need to



Journal of Building Engineering 67 (2023) 106008

6

A. Aghajanian et al.

provide results for the chemical composition [98–100]. Carbon has a lower atomic number than gold and therefore provides more ac-
curate results for the chemical analysis of the sample [8,101]. Fig. 5 shows the sample coating and purity.

3.3. Preparation of samples for epoxy resin coating (EC)
The samples must be prepared with the cutting device to the appropriate size required to analyze the ITZ of the samples. One stan-

dard size is cylindrical, with 6 mm in height and 20 mm in diameter. After cutting with a high-precision saw, the sample is dried to
prevent the progress of hydration reactions, often by solvent exchange procedures [102,103]. After drying, the sample is implanted in
low-viscosity epoxy resin [94,99]. The constituent components of the resin material consist of two parts. One is the resin material it-
self, and the other is the resin hardener, which is added to the first material according to the manufacturer's instructions and then
poured into a mold containing the sample. Because there are resins in the market with different degrees of transparency, colorless and
high-transparency resins should be used. The transparency of the resin depends on the quality of the raw materials of this material, so
if low-quality materials are used, the resin changes color after hardening and changes color from colorless (glass) and becomes cloudy
the color. It turns yellow. According to the given explanations, care must be taken to use a high-purity resin [14,74]. Otherwise, it is
impossible to check ITZ by changing the color, and the sample will not be used due to the impossibility of changing the resin used. It
should be noted that before adding the resin to the mold, the two components must be thoroughly mixed in another container and
then added to the mold.

Epoxy impregnation stabilizes the sample by sealing pores and voids, allowing it to withstand pressures exerted during grinding
and polishing while conserving the original microstructure and component distribution by minimizing particle debonding from softer
phases [104]. Fig. 6 shows the four steps of sample preparation. It should be noted that if the low-quality resin is used at this stage, it
changes color and becomes cloudy.

Air bubbles are produced when resin and hardener are mixed, and the number of bubbles produced depends on the resin used and
the hardener used. The number of air bubbles does not affect future tests, but care must be taken not to produce large bubbles as they
may prevent the resin from reaching all parts of the concrete. The application of a vacuum can aid with the removal of bubbles [105].
There is no standard for removing air bubbles, so here is an experimental method that has been used in several previous pieces of re-
search and has been successful [105]. It is crucial to stir the mixture slowly, as rapid stirring causes many bubbles in the resin. The
mixture should rest for 2–3 min so that the bubbles have time to clear [105]. After preparing the resin and transferring it to a particu-
lar container in the vacuum tank (a), the tank door is closed, and the tank's air release valve is opened (b) so that all the air inside the
tank is removed and the tank is vacuumed. The tank remains under a pressure of 20 in. Hg (0.67 bar) in vacuum (c) until a bubble is
observed and the vacuum operation is stopped. After adding the resin, the sample is placed at room temperature (20 °C ῀ 25 °C) for
48 h. Fig. 7 shows the vacuum stages of the samples.

Fig. 5. Acceptable (a) and unacceptable (b) samples show the amount of coating and purity of the gold used. (For interpretation of the references to color in this figure
legend, the reader is referred to the Web version of this article.)

Fig. 6. Sample cutting (a), resin material components (b), sample processing (c), fabricated sample (d).
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Fig. 7. The vacuum stages of the samples.

3.4. Cutting and polishing samples
After the above step, the sample is cut to reach a thickness of 6–25 mm. The thickness of the sample depends on the thickness re-

quired by the device to polish the samples [105]. During the above steps, the sample's surface must be polished to have a high-
resolution image without scratch lines created by cutting on the surface of the resin. If this step is not done, black hatching lines will
appear on the surface of the sample, resulting from scratches caused by the blade surface of the cutting device [102,105].

In order to have a polished surface without scratches (noise) by the polishing device, four parameters must be set: speed, duration,
force on the sample surface, and the amount of non-aqueous polishing medium such as propylene glycol or polishing oil sprayed on
the surface. Then, the stated values should be adjusted and managed according to the catalog of the device and the material (type of
aggregate, fibers, additions) to be polished. For the concrete sample to have a polished surface, this must be done in six steps [105],
which can be summarized in Fig. 8.

After the above steps, the sample is ready for observation by microscopy. It should be noted that the steps taken to prepare the
sample for examination by a light microscope to review the ITZ, such as the hardness test and some specific SEM photographs, are the
same [49,102]. If all the sample preparation steps are done correctly and accurately in both methods of coating with conductive mate-
rial and epoxy, all the ITZ areas can be correctly seen in the photos taken. In addition, no disturbance or noise in the photo was exam-
ined.

4. Results
4.1. Cutting and polishing

Fig. 9 shows the prepared and acceptable and unacceptable samples for the use and preparation of microscopic photographs. As
it is apparent in Fig. 9-a, not using epoxy with the proper viscosity and not observing the correct ratio of mixing epoxy and hardener
has caused the sample to become brittle and create cracks on its surface during the sample opening process. Other research has
demonstrated that polyol-based epoxies have elasticity and impact strength and, as polyamine epoxy was utilized in this study, en-
hance the resistance of epoxy resin [106]. Also, the use of improper quality resin causes a change in the color of the sample. This
color change causes errors in reading and analyzing the color spectrum in the photos taken from the sample. As observed, using
epoxy with a viscosity of 550 cP (20 °C) produces the most outstanding results in terms of transparency and breaking resistance

Fig. 8. Size of sandpaper and types of sandpaper (a), polishing machine (b).
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Fig. 9. Acceptable and unacceptable samples for use preparation of microscopic photographs.

among the epoxies tested [77]. Fig. 9-b shows a failure to pay attention to the steps of mixing temperature and following the use of a
vacuum while covering the sample with epoxy has caused the formation of air bubbles around and on the sample's surface. Accord-
ing to some research, 50 °C is the ideal temperature for mixing epoxy, but temperatures between 50 °C and 75 °C have also been rec-
ommended [81,107]. This error is another disadvantage of the sample and will reduce the surface resistance of the sample during
the polishing process. Failure to observe the six steps of sample polishing is another problem that can be seen in Fig. 9-c. This prob-
lem will have a very destructive effect on the photos taken of the sample and increase the error percentage in the image analysis due
to the data loss in the photo. Fig. 9-d shows a complete and acceptable sample in terms of the type of resin, how to cover the sample
with epoxy, and proper polishing.

Since sample polishing and how to do it is a critical issue in analyzing microscopic images, the effectiveness of this can be seen in
Fig. 10. Fig. 10-a clearly shows the amount of data lost in the microscopic image taken due to the improper polishing of the sample
surface. In this picture, the line of scratches left by the cutting blade after cutting the sample is also left. Also, the boundary line be-
tween the cement paste and other components in the photo cannot be seen due to improper polishing. Fig. 10-b is an acceptable photo
for image processing because no noise or data loss is observed, and the border between cement paste and other components is also ev-
ident. Also, the number of existing scratches is minimal and can be ignored. As stated, the limitation of each method (SEM, TEM, and
SPM) is in the depth of focus and accuracy of microscopic. Meanwhile, there is no limit to sample preparation, from the cutting and
drying stage to selecting the sample surface coating method (EC, GC).

4.2. Analysis of electron microscope photos
As seen in the image taken by the electron microscope in Fig. 11-a, the sample's surface is not properly polished. The magnification

of the photo (10 μm) and the smallness and delicacy of the existing scratches indicate that these scratches are related to improper pol-
ishing due to insufficient polishing time, the use of sandpaper with incorrect softness, or improper pressure on the surface of the sam-

Fig. 10. Unpolished specimen and its effect on microscopic photographs.
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Fig. 11. Examples of factors affecting the photos taken by electron microscope: are the presence of scratches and improper polishing of sample (a), lack of reflection
of electrons from the surface of the sample due to the presence of scratches and noise on the surface of sample (b), lack of reflection of electrons from the surface of
the sample Due to improper and insufficient coverage of the sample surface with gold (c), adequate coverage of the sample surface with gold and the absence of any
external noise (d).

ple. Therefore, they are left from the sixth stage, the final polishing stage. In addition to creating noise in the backscattered image of
the sample, the scratches create noise in the secondary image of the sample shown in Fig. 11-b. This disorder is such that it does not
allow electron reflection from the surface of the sample, and as a result, the photo cannot be examined in noisy areas. These areas that
cannot reflect electrons usually turn white, making the data in these areas unusable. Failure to receive accurate information from the
investigated surface can also be seen in coating the surface with gold or other suitable conductors. As Fig. 11-c shows, the lack of
proper coating of the surface with gold or the use of improper quality gold has caused the surface of the sample not to have proper
conductivity. As a result, electron reflection from the surface is not done correctly. The presence of white areas on the sample con-
firms this. Fig. 11-d shows a perfect secondary photo of the sample surface. In this photo, it can be seen that the steps of polishing and
covering the surface of the sample by the conductor have been done well so that no noise or white dots that indicate the loss of photo
data can be seen.

5. Conclusions
1. This study deals with the process of preparing concrete samples for the preparation of microscopic photos and the points and

obstacles in this process. The following results have been obtained from the above discussion. Failure to use resin with
appropriate viscosity and failure to observe the mixing ratio of resin and hardener causes low-quality, brittle and cloudy epoxy
to be produced, which will hurt the process of the study.

2. Slow, long-term stirring of the two components of resin and hardener, as well as using a vacuum while covering the sample's
surface with epoxy, significantly reduces the air bubbles in the sample covered with epoxy.

3. In order to have a sample surface free from noise and scratches, the six polishing steps must be completed according to the type of
polishing machine and its recipe.

4. Improper coating by a strong conductor (gold in this study) causes no reflection of the electron from the surface of the
sample, the creation of white areas, and the loss of data in that area from the photograph.

5. The remaining scratches due to improper polishing on the surface of the sample, in addition to creating noise in the
backscattered photos, also cause white spots in the secondary photos, which affects the data obtained from the photo.
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