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Abstract 
 

The durability and safety of concrete structures exposed to environments such as saline soils or marine conditions are 
significantly reduced because of deterioration and degradation caused by sulfate ions. In order to improve the sulfate 
resistance of concrete, eight cementitious systems were prepared using two types of cement, the SY corrosion inhibitor, 
and different fly ash dosages. The influence of various raw materials on mortar strength was assessed via mortar strength 
tests, and the mortar specimens were subjected to long-term sulfate corrosion tests via the immersion method. The 
volume stability and strength retention of each cementitious system during sulfate corrosion were quantitatively 
evaluated on the basis of the expansion rate and corrosion resistance coefficient. The results indicate that, the mortar 
strength is enhanced by the addition of the SY corrosion inhibitor, whereas the P·O 42.5 cement exhibits a slightly 
greater strength than the P.MSR 42.5 cement. The expansion rate of the cementitious systems increases with immersion 
age, ranging from 0.015%–0.034% at 7 days to 0.101%–0.210% at 150 days. The expansion rate of the cementitious 
system is effectively reduced by using corrosion inhibitors or increasing the amount of fly ash. The corrosion resistance 
coefficient initially increases but then decreases with increasing immersion age, reaching a peak value at 60 days. Among 
the eight systems, the P.MSR 42.5 cement with 30% fly ash demonstrate the best performance in resisting sulfate attack, 
with a 150-day expansion rate of 0.101% and a corrosion resistance coefficient of 85.57%. This study provides valuable 
insights into optimizing concrete mix designs and improving the durability of structures exposed to sulfate attack. 
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1. Introduction 
 
Concrete is a heterogeneous and brittle material composed 
of cement, mineral admixtures, water, and aggregates. It is 
cost-effective and has excellent performance, making it 
widely used in various infrastructure constructiongs, such as 
roads, dams, and bridges. Currently, building structures are 
increasingly being developed in remote and complex areas, 
and concrete durability has become a growing concern. In 
engineering structures such as wind turbine foundations, 
long-span bridges, and underwater tunnels located in saline 
soils and marine environments [1], the presence of high 
sulfate contents poses a significant threat. Sulfate ions 
penetrate concrete through environmental water and react 
with cement hydration products, resulting in expansion, 
cracking, and spalling. These processes further lead to the 
loss of strength and stability in concrete structures, which 
can potentially cause premature structural failure before the 
intended service life is reached [2]. 

The primary cause of sulfate-induced degradation in 
concrete is the reaction between sulfate ions and cement 
hydration products within the concrete matrix, but 
aggregates are typically not involved in these reactions. 
Therefore, current research has focused predominantly on 
sulfate attack in cementitious materials [3]. Complex and 
long-term physical and chemical processes are often 
associated with sulfate corrosion, but no unified standard has 
been established to evaluate the resistance of cementitious 
systems to sulfate attack. This gap presents a challenge in 
enhancing the sulfate resistance of mortar and concrete 

structures [4]. 
Numerous studies have also explored the physical and 

chemical mechanisms of sulfate corrosion in concrete [5–7], 
and research has shown that ordinary Portland cement 
cannot meet the durability requirements in high-sulfate 
environments [8]. Using high-volume fly ash to replace 
cement, modifying cement types, or incorporating sulfate-
resistant corrosion inhibitors [9] can improve the sulfate 
resistance of cementitious systems [10]. However, these 
measures often neglect the negative impact on early-age 
mortar strength, and relying solely on isolated experimental 
tests might neglect long-term, comprehensive theoretical and 
experimental validation. 

In this study, eight cementitious systems comprising two 
types of cement, varying fly ash dosages, and the SY 
corrosion inhibitor were investigated. Mortar strength tests, 
expansion rate tests, and corrosion resistance coefficient 
tests were performed to evaluate the influence of different 
material combinations on the strength and sulfate resistance 
of the systems. This study aims to provide valuable insights 
into improving concrete durability and optimizing 
cementitious material combinations to increase the service 
life of concrete structures. 
 
 
2. State of the art 
 
2.1 Network clustering 
Sulfate attack on mortar can be classified into two main 
categories: physical crystallization damage and chemical 
corrosion [11-13]. Haynes et al. [14] described sulfate 
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crystallization damage as the recrystallization of salts within 
the pores of cement-based structures, where the generated 
crystals expand in volume and exert crystallization pressure 
on the pore structure, after which damage occurs. Biscaro et 
al. [15] reported that chemical corrosion damage occurs 
when sulfates react with cement hydration products to form 
expansive substances such as ettringite and gypsum, leading 
to cracks and even spalling on the surface of the hardened 
paste, ultimately damaging the concrete structure. However, 
in practical engineering, concrete degradation is driven by 
the combined effects of complex loading and corrosive 
solutions rather than a single form of physical or chemical 
erosion. Therefore, analyzing this phenomenon from a single 
perspective is insufficient. 

Several methods have been developed to evaluate sulfate 
attack on mortars, including expansion rate tests, mass loss 
methods, and strength indices [16-18]. Mohr et al. [19] used 
mortar expansion rates to evaluate the sulfate resistance of 
composite cementitious systems. However, this method has 
a long testing period, and the specimens cannot be reused 
after testing, which can limit further analysis. Zhang et al. 
[20] evaluated the degree of corrosion in mortar immersed in 
sulfate solutions by measuring changes in specimen mass, 
but this method primarily reflects surface corrosion and 
cannot assess the internal structural damage of the mortar. 
Souza et al. [21] used the strength corrosion coefficient to 
intuitively reflect the impact of sulfates on the mechanical 
properties of cementitious materials. However, the specific 
causes of strength loss could not be identified, and early 
stages of corrosion could not be accurately demonstrated 
because early-stage strength loss was non-significant. Gao et 
al. [22] assessed the diffusion depth of sulfates in concrete 
via pore structure and permeability methods, but specialized 
equipment and personnel were needed, and the results 
needed to be interpreted in conjunction with other tests. 
Zhao et al. [23] microscopically analyzed changes in the 
mineral composition of mortar before and after sulfate 
corrosion via SEM and XRD, but high-quality test 
specimens were needed, and the degree of corrosion could 
not be quantified. These studies demonstrated that the use of 
a single evaluation index to assess the sulfate resistance of 
cementitious systems has limitations. Thus, evaluation 
approaches that can comprehensively combine multiple 
testing methods and practical conditions are necessary. 

Studies on improving the sulfate resistance of mortar or 
concrete have focused primarily on reducing the content of 
tricalcium aluminate ( ) in cement, reinforcing fibers, 
and optimizing pore structures [24-26]. In terms of fiber 
reinforcement, Xu et al. [27] reported that concrete 
reinforced with steel fibers had higher strength and 
improved overall sulfate resistance; however, steel fibers are 
prone to corrosion in moist environments, and their 
durability requires further validation for long service life. Hu 
et al. [28] reported that basalt fibers have high durability and 
can mitigate the effect of sulfate corrosion on the bending 
strength of concrete, but dispersion tends to be uneven 
during construction, which can affect the integrity of 
concrete structures. Gan et al. [29] reported that 
polypropylene fibers in concrete can delay crack 
development and enhance resistance to sulfate corrosion, but 
strict control over the fiber dosage and mix ratio is needed to 
prevent any adverse effects on workability. Fares et al. [30] 
reported that high-performance concrete has far superior 
corrosion resistance compared with ordinary concrete, but its 
high cost restricts its large-scale application. In terms of pore 
structure optimization, Liu et al. [31] reported that sulfate-

resistant admixtures can improve the cement hydration 
process and increase the erosion resistance of mortar, but 
these additives are costly. Bai et al. [32] demonstrated that 
reducing the water-to-binder (W/B) ratio can lower the 
porosity of concrete, preventing the penetration of external 
sulfates and slowing the corrosion rate, but a lower W/B 
ratio can complicate construction. In terms of reducing the 

 content, Tahwia et al. [33] reported that cement with a 
low  content can effectively reduce the formation of 
ettringite and inhibit expansive damage to cementitious 
systems; however, such cements are expensive, which limits 
their widespread use. Ahmed et al. [34] showed that fly ash 
can reduce strength loss in mortar subjected to sulfate 
solutions, but excessive fly ash content decreases the early 
strength of mortar. Jagadisha et al. [35] reported that using 
slag to replace cement can reduce the amount of hydration 
products that react with sulfate ions, but this scheme 
increases the water demand of the mortar, which affects 
workability at high replacement levels. 

The studies mentioned above have focused primarily on 
the mechanisms of sulfate attack on concrete and the 
enhancement of sulfate resistance in cementitious systems. 
On the one hand, these studies were based on isolated 
experimental results and lacked multidimensional 
experimental support. On the other hand, although 
cementitious systems are optimized, the focus of research 
has been on improving mortar resistance to sulfate attack, 
neglecting the impact on basic mechanical properties such as 
strength. In this study, eight cementitious systems consisting 
of two types of cement, fly ash, and SY corrosion inhibitor 
were developed by maintaining a fixed W/B ratio. Mortar 
strength tests were conducted to examine the influence of 
various materials on the strength of cementitious systems. 
Subsequently, expansion rate and corrosion resistance 
coefficient tests were performed to compare the impacts of 
different materials on the sulfate resistance of cementitious 
systems. This study aims to provide insights into optimizing 
cementitious material combinations of concrete and 
enhancing the sulfate resistance and 

The remainder of this study is organized as follows: 
Section 3 describes the performance of the raw materials 
used, the mix proportions of the cementitious systems, and 
the experimental methods. Section 4 presents the influence 
of different material combinations on mortar strength and 
sulfate resistance. Analyses were performed via strength 
tests, expansion rate tests, and corrosion resistance 
coefficient tests. Section 5 summarizes the findings and 
presents the conclusions. 
 
 
3. Methodology 

 
3.1 Raw material 
The types of cement used in this study were ordinary 
Portland cement (P·O 42.5) and sulfate-resistant Portland 
cement (P.MSR 42.5), both of which are 42.5 grade. The 
chemical compositions and mineral contents of both cements 
are presented in Table. 1, and their physical properties are 
presented in Table. 2. The sulfate resistance of both cements 
was assessed according to the gypsum method outlined in 
GB/T 749-2008. This method involves incorporating 
gypsum to increase the content in the cement to 7.0%. 
The potential sulfate resistance of the cement mortar was 
then evaluated by measuring the expansion rate of the mortar 
specimens at the specified curing age. The 14-day linear 
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expansion rates of P·O 42.5 and P.MSR 42.5 were 0.036% 
and 0.019%, respectively. The sulfate resistance of P.MSR 
42.5 was superior to that of P·O 42.5. 

Class F II-level fly ash was used in this study , its water 
requirement ratio is 90% and strength activity index is 
77.2%. Its chemical composition is presented in Table 1. 
The corrosion inhibitor used was SY, with an incorporation 
rate of 10%. The main manifestations of experimental sand 
are as follows: the China ISO standard sand is used for to 
testing mortar strength, Sand with a particle size not 
exceeding 0.5mm is used to expansion rate testing and 0.5-
1.0 mm intermediate sand was used for corrosion resistance 
coefficient testing. 
 
3.2 Mix proportion 
The W/B ratio for each mortar group was 0.5, and the sand-
binder ratio was 2.5. The mix proportions and corresponding 
sample numbers are presented in Table. 3. The preparation 

steps were as follows: first, water was added to the mixing 
bowl, and cement, fly ash, a corrosion inhibitor, and other 
materials were added. The mixture was stirred at low speed 
for 0.5 minutes. Then, sand was added, and the mixture was 
rapidly stirred for an additional 0.5 minutes.  
The stirring was then stopped for 1.5 minutes, during which 
a spatula was used manually to scrape the mortar from the 
mixing blade, bowl wall, and bottom. Finally, the mixture 
was whisked at high speed for 1 minute before it was 
removed from the bowl. 

The mortar mix proportions were named according to the 
following format: “cement type and dosage-fly ash dosage-
corrosion inhibitor dosage.” For example, PO70F20P10 
represents a mixture with 70% P·O 42.5 cement, 20% fly 
ash, and 10% corrosion inhibitor, whereas PM80F20 
represents a mixture with 70% P.MSR 42.5 cement and 20% 
fly ash. 

 
 
Table 1. Chemical compositions and mineral composition ratios of cementitious materials 

Type 
Chemical composition mass ratio/% Mineral composition mass ratio/% 

          
P·O 42.5 0.33 3.52 54.57 17.87 4.02 3.76 54.33 3.17 10.54 12.22 

P.MSR 42.5 2.04 3.42 59.48 21.87 5.53 3.60 37.96 0.19 34.30 16.81 
Fly ash 1.01 2.71 / 49.81 5.58 23.65 / / / / 

 
Table 2. Physical properties of the cement 

Type Density/g·cm−3 Surface area/m2·kg−1 Standard consistence/% Stability/mm 
P·O 42.5 3.02 363 25.0 2.0 

P.MSR 42.5 3.22 357 26.0 0.5 
 
Table 3. Mix proportions of the adhesive sands (mass ratio) 

Sample Combination of cementitious materials Cement Fly ash Preservative Water Sand 
PO100 100%P·O 42.5 1 / / 0.5 2.5 

PO80-F20 80%P·O 42.5+20%Fly ash 0.8 0.2 / 0.5 2.5 
PO70-F30 70%P·O 42.5+30%Fly ash 0.7 0.3 / 0.5 2.5 

PO70-F20-P10 70%P·O 42.5+20%Fly ash+10%Preservative 0.7 0.2 0.1 0.5 2.5 
PO60-F30-P10 60%P·O 42.5+30%Fly ash+10%Preservative 0.6 0.3 0.1 0.5 2.5 

PM100 100%P.MSR 42.5 1 / / 0.5 2.5 
PM80-F20 80%P.MSR 42.5+20%Fly ash 0.8 0.2 / 0.5 2.5 
PM70-F30 70%P.MSR 42.5+30%Fly ash 0.7 0.3 / 0.5 2.5 

3.3 Test methods 
The mortar strength evaluations were performed following 
the guidelines of GB/T 17671-2021. The mortar expansion 
rate testing was based on the Chinese standard CECS 207-
2006 and the American standard ASTM C1202-2012. The 
test procedure was as follows: after the mortar was 
uniformly mixed, it was placed in a three-section mold (25 
mm × 25 mm × 285 mm) equipped with measurement 
probes at both ends, with six specimens in each group. 
Following molding, the specimens were maintained at a 
temperature of 35±3 °C for 24 hours beforing being 
demolded. The specimens were subsequently placed in a 
saturated calcium hydroxide ( ) solution for 3 days, 

after which the initial length ( ) was measured. 
Furthermore, the specimens were submerged in a 5% 

 solution at 23±2 °C until the specified age was 
reached, after which the length ( ) was measured. The 
expansion rate at different ages was calculated as:  
 

                                    (1) 
 
where  is the expansion rate of the specimen after soaking 
for n days (%),  is the length of the specimen after 

soaking for n days (mm),  is the initial length of the 
specimen (mm), and L is the effective length of the specimen 
(mm). 

The corrosion resistance coefficient of the mortar was 
calculated according to DL/T 5801-2019. The procedure for 
the test was as follows: initially, the thoroughly mixed 
mortar was loaded into a six-cavity mold measuring 10 mm 
× 10 mm × 60 mm. The mold with cores and casings was 
placed on a small pressure machine and subjected to a 
pressure of 7.8 MPa for 5 seconds. Following demolding, 
the surface of the mortar was smoothed using a scraper. 
Then, the samples were placed in a curing box and cured for 
24±2 hours before demolding. After demolding, the 
specimens were transferred to water at 50±1 °C for 7 days. 
Finally, the specimens with identical mix proporttions were 
divided into two groups: one was cured in 20 °C tap water, 
and the other was soaked in a 3%  solution. After 
the specimens had been soaked for the specified duration, 
they were removed and the surface moisture was wiped off 
before conducting the strength tests. The span of the 
specimens in the test was 50 mm, and the loading rate was 
0.78 N/S. The corrosion resistance at different ages was 
calculated as: 

 
                                    (2) 

!"# !"# !"# !"#$ ! "#$ % ! "#A % !" # !" # !" # !" #A

!"#$%C'

!!

! "#$ %&

!"

! "!!#!
"
# ## #
−= ×

!"

!"

!!

! "#$ %&

!""#!"
"

#"

$% $= ×



Wei Zhang, Rusheng Hao, Wenbo Wu, Yang Li and Shiqiang Weng/Journal of Engineering Science and Technology Review 18 (2) (2025) 1 - 7 

 4 

 
where  is the corrosion resistance coefficient of the 
specimen after soaking for 𝑛 days (%),  is the strength of 

the specimen after soaking in 5%  solution for 𝑛 
days (MPa), and  is the strength of the specimen after 
soaking in water for 𝑛 days (MPa). 
 
 
4. Result Analysis and Discussion 

 
4.1 Mortar strength 
The compressive strength and flexural strength of each 
cementitious system were measured according to the mortar 
strength testing method described in Section 3.3 (Fig. 1 and 
2). The mortar strength of the P·O 42.5 cement was 
consistently greater than that of the P.MSR 42.5. A good 
explanation is that  contributes significantly to early 
strength, and P.MSR 42.5 has a  content of 0.19%, 
leading to a slower hydration reaction than P·O 42.5 does, 
resulting in lower strength. In the cementitious system 
composed of P·O 42.5, when the same amount of fly ash 
was added, the mortar strength with the corrosion inhibitor 
was slightly greater than that without the corrosion inhibitor. 
Therefore, the addition of a corrosion inhibitor can improve 
the mortar strength. 

When fly ash was used to replace part of the cement, the 
strength of the mortar specimens decreased, and the mortar 
strength generally decreased with increasing fly ash content. 
The 28-day compressive strength of PO100 was 44.8 MPa, 
whereas for PO80-F20 (with 20% fly ash), it was 36.1 MPa, 
which was a 19.4% reduction compared with that of PO100; 
for PO70-F30 (with 30% fly ash), it decreased by 22.8%. 
However, as the curing period increased, the strength of the 
mortar with fly ash increased compared with that without fly 
ash. For example, the compressive strength ratios of PO80-
F20 to PO100 at 7, 28, and 90 days were 79.1%, 80.6%, and 
83.2%, respectively; the compressive strength ratios of 
PM70-F30 to PM100 at 7, 28, and 90 days were 63.0%, 
71.7%, and 80.7%, respectively. A good reason is that fly 
ash mainly acts as a physical filler in the early hydration 
process of cementitious materials, and the volcanic ash 
effect is low, leading to lower early strength. However, as 
the curing period increased, fly ash gradually participated in 
the hydration reactions under the activation of , 
generating calcium silicate hydrate, such as C-S-H gel, 
thereby increasing the strength at later stages. 

 
4.2 Expansion rate 
The expansion rates of each mortar group at different curing 
ages are shown in Table. 4. The expansion rates of all the 
cementitious systems in the 5%  solution at 7 days 
were relatively small, ranging from 0.015% to 0.034%. 
However, as the curing period increased, the  ions in 

the solution reacted with , , C-S-H gel, and 
other components in the cementitious materials, generating 
expansive products such as gypsum ( ) and 
ettringite (AFt) and increasing the expansion rates of the 
mortar specimens. The 150-day expansion rates of the 
various cementitious systems increased to 0.101%–0.210%. 
During the test period, the integrity of all the specimens 
remained high, and no chipping or edge degradation was 

observed. Among all the cementitious systems, PO100 had 
the highest expansion rate, whereas PM70-F30 had the 
lowest expansion rate. 
 

 
Fig. 1. Compressive strength of each mortar 
 

 
Fig. 2. Flexural strength of each mortar 
 

In the five cementitious systems composed of P·O 42.5 
cement, the expansion rates of the systems with only fly ash 
and those with fly ash and corrosion inhibitors were lower 
than those of PO100. Compared with those of PO100, the 
150-day expansion rates of PO80-F20, PO70-F30, PO70-
F20-P10, and PO60-F30-P10 decreased by 9.5%, 19.0%, 
15.7%, and 23.3%, respectively. Thus, as the fly ash content 
increased, the expansion rate of the cementitious system 
decreased. The incorporation of fly ash might have not only 
reduced the  content in the cementitious material but 
also underwent secondary hydration reactions with , 
forming a C–S–H gel. This situation reduced the amount of 

 that reacts with  in the soaking solution, thus 
decreasing the amount of AFt generated and lowering the 
expansion rate. 

Additionally, the 150-day expansion rate of PM100 was 
58.6% of that of PO100, the 150-day expansion rate of 
PM80-F20 was 57.9% of that of PO80-F20, and the 150-day 
expansion rate of PM70-F30 was 59.4% of that of PO70-F30. 
For the same fly ash content, the expansion rate of the 
P.MSR 42.5 cementitious system was much lower than that 
of P·O 42.5, indicating that P.MSR 42.5 cement had better 
sulfate resistance. On the one hand, the low  content in 
P.MSR 42.5 likely reduced the likelihood of AFt formation; 
on the other hand, the higher  content in P.MSR 42.5 
somewhat stabilized the reaction products with , 
avoiding significant expansion, leading to a lower expansion 
rate in the  solution than in P·O 42.5. 
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Table 4. Expansion rate of each mortar sample at different times 
Sample Time/day 

7 14 21 28 60 90 105 120 150 
PO100 0.034 0.073 0.095 0.104 0.155 0.174 0.183 0.193 0.210 

PO80-F20 0.029 0.065 0.075 0.097 0.133 0.157 0.170 0.175 0.190 
PO70-F30 0.019 0.043 0.059 0.085 0.117 0.134 0.143 0.151 0.170 

PO70-F20-P10 0.023 0.062 0.072 0.087 0.123 0.129 0.138 0.140 0.150 
PO60-F30-P10 0.021 0.041 0.055 0.079 0.108 0.122 0.126 0.129 0.131 

PM100 0.024 0.041 0.047 0.056 0.086 0.101 0.106 0.109 0.123 
PM80-F20 0.020 0.027 0.035 0.043 0.065 0.076 0.089 0.096 0.110 
PM70-F30 0.015 0.023 0.031 0.037 0.048 0.060 0.076 0.088 0.101 

4.3 Corrosion resistance coefficient 
The strength of each mortar sample cured in water ( ) 
with age, obtained via the corrosion resistance coefficient 
test method for mortars described in Section 3.3, is shown in 
Fig. 3. The strength in the  solution ( ) is shown 
in Fig. 4, and the corrosion resistance coefficient changes 
with age are shown in Fig. 5. As can be seen from Fig. 3, 
with the increase of curing age, the strength of the mortar in 
each group increased. The 28-day strength of each 
cementitious system reached 83.8%-87.3% of the 150-day 
strength. 

With increasing age, the corrosion resistance coefficient 
and  of all the mortar groups initially increased but then 

decreased. The maximum values of  and the corrosion 
resistance coefficient were reached at the 90-day curing age. 
The most significant decrease in  and the corrosion 
resistance coefficient occurred between the 60-day and 90-
day curing periods. Specifically, the corrosion resistance 
coefficient at 60 days was greater than 100%, but at 90 days, 
it was less than 100%. The reason for this trend was that in 
the initial stage of  erosion, the hydration reaction 
of the cementitious system was still ongoing, generating C-
S-H to fill the pores, thus increasing the density of the 
mortar. Furthermore,  infiltrated via the tiny pores in 
the mortar specimens and reacted with hydration products 
such as . Gypsum, ettringite, and sodium sulfate 

decahydrate ( ) were generated, eventually 
filling the internal pores, increasing the compactness, and 
increasing the strength of the mortar. However, as the 
erosion period progressed, the hydration reactions gradually 
decreased, and the surfaces of the specimens noticeably 
eroded, which continuously increased the thickness of the 
eroded layer. The accumulation of corrosion products, along 
with the expansive nature of gypsum and ettringite, caused 
the pores inside the mortar to expand under stress. As 
microcracks formed, the mortar strength decreased. 

In the P·O 42.5 cementitious systems with the same fly 
ash content, the corrosion resistance coefficient of the 
system with the corrosion inhibitor was greater than that of 
the system without the corrosion inhibitor (Fig. 4). When the 
fly ash content was 20%, the corrosion resistance 
coefficients of the system with the corrosion inhibitor at 90, 
120, and 150 days were 88.74%, 86.59%, and 83.58%, 
respectively, demonstrating improvements of 7.49%, 6.49%, 
and 10.51%, respectively, compared with those of the 
system without the corrosion inhibitor. When the fly ash 
content was 30%, the improvements were 8.20%, 8.58%, 
and 10.62%, respectively. Thus, the addition of a corrosion 
inhibitor can increase the sulfate resistance of the 
cementitious system. 

 

 
Fig. 3. Strength of mortar samples at different ages under water 
maintenance 
 

 
Fig. 4. Strength of mortar samples at different ages under Na2SO4 
solution maintenance 
 

 
Fig. 5.  of the mortar samples at different ages 
 

For systems with the same fly ash content, the corrosion 
resistance coefficient of the P.MSR 42.5 cementitious 
system was greater than that of the P·O 42.5 system. When 
the fly ash content was 0%, the 150-day corrosion resistance 
coefficient of PM100 was 1.19 times greater than that of 
PO100; when the fly ash content was 20%, the 150-day 
corrosion resistance coefficient of PM80-F20 was 1.12 times 
greater than that of PO80-F20; and when the fly ash content 
was 30%, the 150-day corrosion resistance coefficient of 
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PM70-F30 was 1.08 times greater than that of PO70-F30. 
Thus, the sulfate resistance of the P.MSR 42.5 cement was 
better than that of the P·O 42.5 cement. 

In all cementitious systems, as the fly ash content 
increased, the corrosion resistance coefficient tended to 
increase. In the three cementitious systems composed of P·O 
42.5 cement and fly ash, the 150-day corrosion resistance 
coefficient of PO100 was 70.09%. Compared with that of 
PO100, the coefficient of PO80-F20 was 75.63%, which was 
7.90% greater than that of PO100. The coefficient of PO70-
F30 was 80.70%, which is 13.17% greater than that of 
PO100. In the cementitious system composed of P·O 42.5 
cement, fly ash, and a corrosion inhibitor, when the fly ash 
content increased from 20% to 30%, the corrosion resistance 
coefficient at 90 days improved by 0.65%, that at 120 days 
increased by 2.34%, and that at 150 days increased by 0.12%. 
In the cementitious system composed of P.MSR 42.5 cement 
and fly ash, when the fly ash content increased from 0% to 
30%, the 120-day corrosion resistance coefficient increased 
from 87.77% to 91.15%, and the 150-day corrosion 
resistance coefficient increased from 83.63% to 85.57%. Fly 
ash improved the sulfate corrosion resistance of the 
cementitious system, and the improvement effect of fly ash 
on the cementitious system with P·O 42.5 cement was better 
than that with P.MSR 42.5 cement. 
 
 
5. Conclusions 
 
Mortar strength, expansion rate, and corrosion resistance 
coefficient tests were employed to investigate the effects of 
different material combinations on the strength and sulfate 
resistance of cementitious systems. The performances of 
various binder combinations were subsequently compared. 
The following conclusions could be drawn: 

(1) As the fly ash content increases, the strength of 
cementitious systems generally decreases. For systems with 
the same fly ash content, the strength of P·O 42.5 cement-
based sand is greater than that of P.MSR 42.5 cement-based 
sand. Additionally, a greater strength is exhibited by sand 

containing the corrosion inhibitor than by that without the 
inhibitor. 

(2) As the immersion age increases, the expansion rate of 
cementitious systems improves to varying extents. When fly 
ash and corrosion inhibitor are used to replace part of the 
cement, the expansion rate of the cementitious system is 
reduced. 

(3) The corrosion resistance coefficient of cementitious 
systems increases with the addition of fly ash. For systems 
with the same fly ash content, the sulfate resistance of 
P.MSR 42.5 cement-based systems is superior to that of P·O 
42.5 cement-based systems. Furthermore, with increasing 
immersion age in sulfate solution, the strength and corrosion 
resistance coefficient initially increase but then decrease, 
with the peak value observed at 60 days. 

(4) For systems with the same fly ash content, the sulfate 
resistance performance follows the order of P.MSR 42.5+fly 
ash > P·O 42.5 cement+fly ash+SY corrosion inhibitor > 
P·O 42.5 cement+fly ash. 
 The effects of the fly ash content, corrosion inhibitor, 
and cement type on the sulfate resistance of cementitious 
systems were compared via sand expansion rate and 
corrosion resistance coefficient tests. The experimental 
results can provide theoretical and experimental references 
for enhancing the durability of concrete structures and 
constructing high-performance buildings. However, given 
that sulfate attack on concrete is a complex, long-term 
process involving physical and chemical interactions, only 
the corrosion resistance of specimens immersed in sulfate 
solution for 150 days was examined in this study. Longer-
term experiments could be conducted in the future, and the 
microstructural evolution and performance degradation 
mechanisms during the corrosion process could be explored.  
 
 
This is an Open Access article distributed under the terms of 
the Creative Commons Attribution License.  
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