
 

 

Opinion Article 

 

Application of SEM and XRD in the microstructure 

analysis of fiber-reinforced concrete corroded by salt 

solution 
Abstract: In order to study the damage law of salt solution erosion on the 
microstructure of concrete, the dry wet alternation method was used to conduct salt 
solution corrosion tests on the samples. The corrosion characteristics and mechanisms 
were analyzed from macroscopic experiments such as corrosion results, relative 
dynamic elastic modulus, and mass loss rate; Then, SEM and XRD were used to further 
demonstrate and explain the corrosion mechanism from a microscopic perspective. The 
conclusion drawn from the analysis: The observation and analysis of the erosion 
products and SEM and XRD microscopic characteristics of fiber-reinforced concrete 
indicate that in the initial state without erosion, the sample contains original cracks and 
pores, and the fibers are tightly bound to the cement slurry. Under the acceleration of 
dry wet cycles, sulfate erosion is mainly gypsum type erosion and ettringite type 
erosion, and the erosion products are columnar and needle shaped distribution of 
ettringite and gypsum crystals; In the later stage of erosion, the surface concrete 
deteriorates severely, the cement slurry gradually falls off, the internal pores increase, 
and cracks increase, resulting in partial separation of fibers from the cement slurry. At 
this time, the fibers rely on their own tensile strength to play a role in toughening and 
crack resistance. 
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1. INTRODUCTION 
Concrete is widely used in engineering fields such as national defense, 

transportation, civil construction, and water conservancy due to its excellent durability, 
high compressive strength, good workability, and ease of structural deformation control. 
The durability of concrete has always been a concern in the engineering and academic 
fields. The durability of concrete is affected by many environmental factors, such as 
freeze-thaw failure, carbonization, sulfate corrosion, alkali aggregate reaction, etc[1]. 
The distribution area of sulfate corrosion environment in China is relatively wide, 
which is a common form of deterioration of concrete structures. Concrete structures 
located in the water level fluctuation zone are also affected by the wet dry cycle. Under 
the synergistic effect of sulfate and wet dry cycle, the corrosion deterioration rate and 
process of concrete structures will be accelerated, and the durability loss of concrete 
will be more significant[2]. 

Ordinary plain concrete has high brittleness and poor durability, and the existence 
of internal interface transition zones in the concrete matrix greatly affects the 



 

 

mechanical properties and durability of concrete. The mechanical properties of 
concrete mixed with fibers have been greatly improved. Fibers can form a stable spatial 
network structure inside the concrete, improve the stress redistribution inside the 
concrete, and change its failure mode. Basalt fibers passing through the weak interface 
zone can enhance the mechanical stability of the interface transition zone, improve the 
microstructure of the concrete, and improve the mechanical properties of the concrete. 
Previous studies have achieved significant results in analyzing the erosion effect of salt 
solutions on the internal structure of concrete[3,4,5,6]. The methods commonly used 
include mercury intrusion experiments, scanning electron microscopy experiments, 
X-ray diffraction experiments, and CT scanning experiments. This article mainly 
discusses the application of scanning electron microscopy and X-ray diffraction 
experiments in the erosion of concrete microstructures by salt solutions. 

2. Methodology:  
2.1 Method 

After the concrete specimens are cured, the sulfate corrosion test is conducted 
using the wet dry alternation method, which simulates the corrosion damage 
phenomenon of the internal structure of concrete by repeatedly cycling wet dry cycles 
in a solution. The specific method is to immerse the concrete specimen in a composite 
salt solution for 10 hours, and the concentrations of Na2SO4 and NaCl in the salt 
solution depend on the concentration of Cl- and SO4

2- ions in the local water. Remove 
the test piece from the solution, wipe it clean, and air dry for 1 hour. Then place the test 
piece in a constant temperature drying oven at 60 ℃ for 12 hours. After that, remove 
the test piece and cool it at room temperature for 1 hour as one cycle, ensuring that each 
cycle is 24 hours[7]. Each experiment is conducted for 30 cycles, during which 
macroscopic experiments such as dynamic elastic modulus and mass determination can 
be carried out. At the end of the 30th cycle, samples of corrosion products from 
specimens with typical salt corrosion diseases are taken, and microstructure analysis 
experiments such as SEM scanning electron microscopy and XRD diffraction analysis 
are carried out[8]. 
2.2 SEM Principle 

Scanning electron microscope (SEM) is an observation technique that falls 
between transmission electron microscope and optical microscope. It uses a focused 
narrow high-energy electron beam to scan the sample, and through the interaction 
between the beam and the material, it excites various physical information. The 
collection, amplification, and re imaging of this information are used to achieve the 
purpose of characterizing the microscopic morphology of the material. The resolution 
of the new scanning electron microscope can reach 1nm; The magnification can be 
continuously adjustable up to 300000 times or more; And the scenery is deep, the field 
of view is large, and the imaging stereo effect is good [9]. In addition, by combining 
scanning electron microscopy with other analytical instruments, it is possible to 
observe the microstructure while conducting material micro area composition analysis. 
For example, combining scanning electron microscopy and X-ray diffraction analysis 
can further infer the specific phase of the imaging [10]. 



 

 

2.3 SEM Analysis 
After the strength test, the specimen is crushed, and a thin slice of concrete near 

the surface of the specimen is selected to terminate hydration by placing it in anhydrous 
ethanol to prepare the test sample. The microstructure changes of the specimen after 
corrosion are observed using a Hitachi S4800 cold field emission scanning electron 
microscope (FESEM-EDS) from Japan. 
2.4 XRD Principle 

The basic principle of X-ray diffraction is that when a monochromatic X-ray beam 
is incident on a crystal, the crystal is composed of a regular arrangement of atoms 
arranged in a unit cell. The distance between these regularly arranged atoms is of the 
same order of magnitude as the wavelength of the incident X-ray in X-ray diffraction 
analysis. Therefore, X-rays scattered by different atoms interfere with each other, 
producing strong X-ray diffraction in certain special directions. The orientation and 
intensity of the diffraction lines in spatial distribution are closely related to the crystal 
structure, and the diffraction patterns produced by each crystal reflect the atomic 
distribution law inside the crystal. The fundamental basis for X-ray diffraction analysis 
is the Bragg equation [11]: 

 nsind2 hklhkl   

In the formula: d is the interplanar spacing; N is the diffraction order; hkl is the 
diffraction index. 

The most basic data obtained from X-ray diffraction are diffraction angle values 
and intensity values. Different structural elements of a substance can be obtained and 
calculated from the three elements of diffraction peaks. 1. Peak position - qualitative 
phase analysis, determination of crystal system, indexing, calculation of cell 
parameters, etc. 2. Peak intensity - calculate the phase content and crystallinity. 3. Peak 
shape - estimate the degree of crystallinity and calculate the grain size. The principle of 
qualitative phase analysis is to determine the corresponding unknown phase by 
comparing a set of experimental data with known standard cards. The specific steps are: 
data import, background detection and processing, peak searching, automatic database 
retrieval, listing of candidate phases, manual screening and confirmation. 
2.4 XRD Analysis 

After the corresponding erosion cycle is completed, the test piece is dried for 48 
hours. Then, a concrete single-sided grinder is used to collect powder in layers, with a 
layer of every 2mm within 20mm from the surface of the concrete. The powder is 
sieved using a square hole sieve with a nominal diameter of 0.16mm. The sieved 
powder is placed in an oven at a temperature of 105 ± 5 for 2 hours, taken out, and 
cooled to room temperature in a dryer for later use [12]. The XRD pattern of the 
corrosion specimen product was determined using a Japanese Rigaku D/MAX2400 
X-ray diffractometer, and its phase composition was analyzed using Jade6.5 phase 
analysis software with a scanning range of 5-45. 

3. RESULTS AND DISCUSSION 
3.1 Macroscopic Phenomena 



 

 

In the case of salt solution corrosion, there was a significant increase in voids and 
exposure of coarse aggregates at the edges and corners of the specimen surface. It is 
speculated that the main reason for these corrosion damages is the chemical reaction 
between the cement hydration product calcium hydroxide on the surface of the 
specimen and the continuously infiltrating corrosive ions, producing unknown 
corrosion products. These corrosion products accumulate in the pores and cracks on the 
surface of the specimen, causing the mortar layer on the surface of the specimen to 
gradually corrode [13]. With the increase of the number of salt corrosion dry wet cycles, 
the corrosion products in the surface cracks and pores continue to increase, and the 
expansion stress continues to increase, causing crack propagation and allowing more 
corrosion solution to enter the interior of the specimen, resulting in corrosion and 
accelerating the degradation process. However, the concrete mixed with fibers only 
showed a small amount of mortar layer detachment at the corners and surface, and some 
specimens showed "salt frost" crystals on the surface, but with few pores and no 
obvious cracks. The overall appearance was relatively complete, and the ability to resist 
salt solution erosion and damage was enhanced. Therefore, it can be concluded that the 
"bridging" effect of fibers between cracks inside the concrete reduces stress 
concentration at the crack, increases crack propagation resistance, suppresses crack 
development, and improves the specimen's ability to resist composite salt erosion [14]. 

 In the dynamic modulus of elasticity experiment and mass loss rate test, it was 
found that under the same erosion conditions, the specimen with added fibers had the 
greatest relative increase in dynamic modulus of elasticity and could significantly 
reduce the mass loss rate of the specimen. This also proves that adding fibers to 
concrete can effectively improve its salt corrosion resistance [15]. 
3.2 Microstructure Analysis   

3.2.1SEM Result Analysis 
Under the condition of salt solution erosion, the scanning electron microscopy 

images of concrete are shown in Figure 1 and Figure 2: 

 
Figure 1 Microstructure characteristics of concrete specimens 



 

 

    

Figure 2 Microstructure characteristics of fiber-reinforced concrete specimens 
 
From Figures 1 and 2, it can be seen that the interior of concrete without fibers is 

mainly composed of short columnar and needle shaped corrosion products, while the 
corrosion products between microcracks inside the concrete with fibers are 
significantly reduced, and most of the areas around the cracks remain dense. This 
indicates that although the number of wet dry cycles increases, the generation rate of 
corrosion products is significantly slowed down. This is mainly because the tensile 
effect of fibers inside the concrete restricts the expansion of cracks to a certain extent, 
reducing the degree of damage to the concrete when subjected to composite salt erosion 
[16]. 

3.2.2 XRD Result Analysis 
The XRD diffraction analysis of concrete under salt solution erosion is shown in 

Figure 3: 

 

Figure 3 XRD corrosion product diagram of concrete specimens 



 

 

From Figure 3, it can be seen that before corrosion, the main diffraction peak is 
calcium hydroxide. After 240 days of corrosion in sodium sulfate solution, the 
diffraction peak of ettringite appears. After 480 days of corrosion, it can be seen that 
ettringite and gypsum coexist. After 600 days of corrosion, the diffraction peaks of 
ettringite near 9, 16, 23, 26, and 32 are observed, and the diffraction peaks of gypsum 
with higher diffraction intensity near 12, 21, 29, and 31 are observed,Corrosion product 
ettringite appeared at 240d, new corrosion product gypsum appeared at 480d, and 
ettringite and gypsum were generated in multiple locations at 600d. It can be seen that 
the corrosion reaction of ettringite and gypsum occurred simultaneously in the salt 
solution sample, and with the increase of time, the corrosion reaction continued to 
intensify, and the quantities of ettringite and gypsum significantly increased [17]. 

Based on the scanning electron microscopy images and XRD patterns, the final 
conclusion was drawn that the short columnar and needle shaped corrosion products 
observed in the scanning electron microscopy images were ettringite and gypsum. 
When the specimen is in a corrosive environment of salt solution, the change in its 
performance is divided into two stages with the invasion of sodium sulfate solution: the 
first stage is the filling and compacting stage, which is due to the reaction between 
sulfate ions and hydration products to produce corrosion products such as ettringite. 
These corrosion products fill the original pores inside the specimen, making it denser 
and increasing its strength; The second stage is the expansion and failure stage, during 
which a large amount of corrosion products accumulate, and the original pores no 
longer provide sufficient space. Calcium aluminate contains a large amount of crystal 
water, which is 1.5 times larger in volume than the original hydrated calcium aluminate. 
The expansion effect is obvious, and it grows radially in a needle shape, which easily 
generates large internal stresses, causing the generation of new cracks inside the 
specimen and the expansion of original cracks. Therefore, the performance of the 
specimen deteriorates and the strength decreases during this stage. As the corrosion 
intensifies and the internal cracks are interconnected, the strength continues to decrease 

[18]. 
4. Conclusion 

This article combines indoor macroscopic testing and microscopic analysis to 
study the macroscopic morphology, microscopic structure, and erosion products of 
fiber-reinforced concrete under salt solution erosion, and explores the mechanism of 
fiber-reinforced concrete's resistance to salt solution erosion. The main conclusions are 
as follows: 

At the initial stage of erosion, the surface and edges of the fiber-reinforced 
concrete specimens are relatively intact, with only sandification appearing on the 
surface. As the number of dry wet cycles increases, the deterioration of the concrete 
specimens becomes apparent, with edges beginning to break, surrounding aggregates 
partially falling off, surface cracks increasing, and even penetrating cracks appearing. 
Basalt fiber can not only reduce the internal erosion products of the specimen and 
weaken the sulfate erosion effect, but also play a bridging and force transmission role 
inside the specimen, which can to some extent constrain the development and 
propagation of cracks and alleviate the peeling of the cement slurry on the surface of the 



 

 

specimen. 
Observation and analysis of erosion products and SEM and XRD microscopic 

characteristics of fiber-reinforced concrete indicate that in the initial state without 
erosion, basalt fiber-reinforced concrete contains original cracks and pores inside the 
sample. The fibers are tightly bonded to the cement slurry, and the compactness of the 
cement slurry around the fibers is improved, filling some of the original defects; Under 
the accelerated action of dry wet cycles, sulfate erosion mainly includes gypsum type 
erosion and ettringite type erosion, and the erosion products are columnar and needle 
shaped distribution of ettringite and gypsum crystals; In the later stage of erosion, the 
surface concrete deteriorates severely, the cement slurry gradually falls off, the internal 
pores increase, and cracks increase, resulting in partial separation of fibers from the 
cement slurry. At this time, the fibers rely on their own tensile strength to play a role in 
toughening and crack resistance. 

  Fiber is added to concrete, which improves the performance indicators such as 
matrix strength and relative dynamic modulus by relying on its high mechanical 
properties such as tensile strength, stress-strain ratio, and ultimate elongation, thereby 
enhancing the long-term service performance of concrete. The degradation law of 
basalt fiber reinforced concrete under the action of sulfate and dry wet cycles is 
influenced by multiple factors, including the concentration of sulfate solution, the 
number of dry wet cycles, and the content of basalt fiber. Fibers play a role in 
strengthening, cracking resistance, and toughening in concrete, and fiber-reinforced 
concrete has better resistance to sulfate corrosion than plain concrete. 
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