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The concrete structure will be seriously eroded in a sewage environment, causing
substantial economic losses. Therefore, it is of great significance to repair the
existing corrosion structure. In order to quickly restore the mechanical properties
and enhance the durability performance of eroded concrete structures, this paper
develops a new composite high-durability mortar by adding polypropylene fibers,
basalt fibers and impermeable agents, which can achieve the dual requirements of
structural repair and protection. For the newmaterial, this test set up a total of five
groups of mixing ratios. This test analyzed the water absorption, mass loss rate,
compressive strength and other performance indicators of the test block in the
corrosive environment, and scanned and studied the microstructure of each
mortar test block after corrosion. It was found that the new anti-corrosion
mortar has relatively less crystallization, dense internal structure, and
significantly lighter erosion. From the mechanical properties, the strength of
ordinary polymer mortar after erosion decreased by 6%; high-durability mortar
instead improved the strength by nearly 20%, showing better resistance to erosion.
Taken together, the use of mineral dopants and water repellents can effectively
enhance the strength and corrosion resistance of mortar, and the cost is low, with
good prospects for engineering applications.
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1 Introduction

With the advantages of low cost, stable performance, and convenient construction,
concrete is widely used in engineering. However, the performance of concrete materials in
corrosive environments will degrade significantly, causing economic losses amounting to
hundreds of billions of dollars per year. As a result, there is a massive demand for repair work
on corroded concrete (Schneider, 2015; Bahtli and Ozbay, 2020; Negar and Nemkumar
2021). The actual project usually uses high-performance mortar reinforcement technology
for repair treatment. The repaired concrete is required to have good corrosion resistance in
addition to restoring the structural load-bearing function to meet the engineering needs in
corrosive environments (Xu et al., 2020). Therefore, the study of high-performance repair
mortar has important practical significance for prolonging the structure’s service life and
predicting the material’s remaining life after corrosion (Huang et al., 2020a; Guo et al., 2020;
Jiang et al., 2020).
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As a typical corrosive environment, sewage will produce multi-
factor erosion effects such as biology and acid on the structures in
service. Among them, biological acids and hydrogen sulfide
produced by a large number of microorganisms in the
wastewater are the leading cause of erosion (Song et al., 2018;
Wang et al., 2022); Therefore, domestic and foreign scholars have
conducted studies on the corrosive effects of cementitious materials
in acid environments. Scholars have studied the performance of
concrete under acid rain. It is found that in the early stage of acid
rain erosion, the erosion depth of concrete is limited, the internal
cementitious material of the structure will continue to hydrate, and
the compressive strength and quality of concrete will increase. As
erosion intensifies, its mechanical properties will decline
(Mahdikhani et al., 2018; Ma et al., 2021). In an acidic
environment, cementitious materials produce large mass losses
and generate erosive substances such as gypsum and ettringite,
which continuously fill the pores with increasing erosion, causing
the material to crack and leading to severe degradation of
mechanical properties (Nehdi et al., 2014; Izquierdo et al., 2016;
Kallel et al., 2016). The corrosion effects of H2S and biological
sulfuric acid generated by microbial redox on structures have
attracted the attention of many scholars. Li et al. (2019) studied
the relationship between H2S concentration and corrosion of
cement-based materials. It was found that the oxidation rate of
chemical sulfides was exponentially related to the concentration of
hydrogen sulfide. The concentration of H2S in a humid environment
is proportional to the degree of concrete deterioration. H2S will
increase the rate of microbial metabolism and acid production.
However, the high concentration of H2S weakened the oxidation
activity of sulfide, and the sulfide absorption on the material surface
showed a trend of increasing and then decreasing (Jensen et al.,
2011; Sun et al., 2019). Huber et al. (2016) studied the effect of
chemical sulfuric acid and biological sulfuric acid corrosion on the
degradation performance of cement-based materials. The results
show no significant difference between the two kinds of acid erosion,
and the degree of damage depends on the pH value. The lower the
pH value, the more serious the corrosion of cement-based materials.

In addition, some scholars have found that mineral admixtures
such as silica fume and slag powder are added to concrete, and the
mass loss rate of materials decreases with the increase of mineral
admixtures. Mineral admixtures can improve the corrosion
resistance of concrete and prolong the service life (Noeiaghaei
et al., 2017; Łukowski and Dębska, 2019; Wang et al., 2020;
Pandey and Kumar 2020; Wu et al., 2020). The right amount of
admixture can reduce the porosity, average pore size, and maximum
pore size of concrete. Macroporous and capillary pores are obviously
reduced and gradually transformed into gel pores (<10 nm) and
transition pores (10–100 nm). The refinement of the pores improves
the denseness of the concrete, especially the volcanic ash activity
effect of silica fume, and the filling effect of the newly generated
C-S-H gel and silica fume significantly reduces the porosity of the
structure (Gao et al., 2022). In summary, cementitious material as an
alkaline substance will significantly deteriorate regardless of the
acidic conditions of liquid or gas. Adding mineral admixtures will
improve its corrosion resistance to a certain extent.

As a green and highly durable material, basalt fiber can
significantly improve the corrosion resistance of cement
cementitious materials, and many scholars have conducted

related research. First, the mechanical properties of basalt fibers
in acid and salt environments decline slowly and have excellent
durability (Fiore et al., 2016; Danuta et al., 2018; Wang et al., 2018).
After adding concrete, it can form a certain pulling effect in its
interior and improve its mechanical properties. At the same time,
the compactness and impermeability of the material are significantly
improved, thereby enhancing its corrosion resistance (Elgabbas
et al., 2016; Afroz et al., 2017; Ralegaonkar et al., 2018).
However, the fiber content is more stringent; low content will
weaken the impermeability; dosage is too high will have a more
significant impact on the compactness of concrete, thereby reducing
its durability. Basalt fiber dosing at 0.1% is the most economical and
reasonable; too much will increase the porosity, affecting the
strength of concrete and adversely affecting the durability of
concrete (Wang et al., 2020; Alkharabsheh et al., 2022). When
the basalt fiber admixture is 0.15%, the internal pore size of
concrete decreases from greater than 100 nm to less than 20 nm.
But a large amount of basalt fiber increases the porosity so that the
pore size between 200 nm and 3000 nm rises significantly. When the
fiber admixture is reduced to 0.05%, the concrete crack control
ability becomes poor, increasing large pores, and the deterioration of
the pore structure weakens the adsorption of harmful ions by the
material, which will make the inhibition of chloride ion penetration
effect weakened. Reasonable control of basalt fiber doping can not
only control the development of cracks but also optimize the pore
size distribution, increase the number of capillary pores, and block
the infiltration of harmful ions (Wang et al., 2020). Reinforced
concrete structures use the high durability of basalt fiber to
significantly improve corrosion resistance Quagliarini et al.
(Quagliarini et al., 2015) found that basalt fibers wrapped around
supported concrete members in an acidic environment effectively
improved the force properties after corrosion and significantly
reduced the corrosion rate of the reinforcement.

It was found that porosity is an essential factor affecting
cementitious materials’ permeability and directly affecting their
corrosion resistance (Zhang et al., 2022). In order to improve the
impermeability of cement cementitious materials, some scholars
have carried out related research. Adding a waterproofing agent can
reduce the number of open pores in concrete, lower water
absorption, and effectively improve the resistance to chloride ion
diffusion (Xiang et al., 2021; Chen et al., 2022). Sodium methyl
silicate in cementitious materials will form a water-repellent
reticular film with low surface tension to block ion penetration,
thus significantly improving the impermeability of the material (Li
et al., 2022; Ma et al., 2022). Inorganic water repellents can generate
insoluble colloids and swelling compound salt crystals inside the
material to fill the pores and increase the material’s density,
improving the material’s corrosion resistance. There are few
studies on the corrosion resistance of cement cementitious
materials with a waterproofing agent, and it is of great
significance to carry out relevant research.

This paper proposes a new composite highly durable mortar
based on basalt fibers, combined with organic and inorganic water
repellents and mineral admixtures. The mortar test blocks with
different matching ratios were eroded under a high concentration of
bio-organic water environment for 240 d. The macroscopic
performance, such as water absorption rate, mass loss rate and
compressive strength of each mortar specimen block were observed,
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and combined with microscopic performance indexes such as SEM
electron microscopy scanning and XRD chemical composition
analysis to verify the corrosion resistance of the new highly
corrosion-resistant mortar. To provide technical references for
the construction and rehabilitation of wastewater projects.

2 Materials

The test used P · O 42.5 ordinary Portland cement; river sand is
used as fine aggregate; basalt fiber and polypropylene fiber were
selected as fibers, and the optimum content was 0.1% and 0.05%,
respectively. Polycarboxylic acid high-performance liquid water
reducer as additive; mineral powder (S95 superfine white mineral
powder), silica fume, and quartz sand were selected as mineral
admixtures; other additives include titanium dioxide, sodium
methyl silicate, and inorganic aluminum salt waterproofing agent.

Considering the actual living environment and the corrosion
effect of microorganisms, a high-concentration organic biocorrosion
solution was prepared. Configuration method: Sewer sludge
impurities (under an anaerobic environment) were selected and
placed in an erosion barrel as a biological source. An organic
aqueous solution was configured, as shown in Table 1.

In the test, we set up five groups of ratios, S1 for double-doped fiber
mortar, S2 for finished polymer mortar, and S3-S5 ratios were analyzed
for the effects of sodium methyl silicate, inorganic aluminum salt water
repellent; the specific ratios are shown in Table 2 Test block erosion
cycle of 240 d, every 60 d to observe the macroscopic performance of
each ratio water absorption rate, mass loss rate, compressive strength,
etc., and combined with SEM electron microscopy scanning and The
corrosion resistance of each ratio after corrosion was analyzed by
combining SEM electron microscopy scanning and XRD chemical
composition analysis and other microscopic indicators.

3 Test method

3.1 Mass loss rate

The specimens are subjected to different degrees of damage in
the erosion solution and are accompanied by changes in mass. The
determination of the mass loss rate reflects the degree of apparent
damage to the test block in the erosion solution. The test blocks are
dried after different cycles of erosion (until the mass of the test block
is constant after drying) and then weighed and recorded. The mass
loss was calculated as follows.

ΔWn � G0 − Gn

G0
× 100%

where G0 is the initial mass of mortar before erosion (g); Gn is the
drying mass of mortar after n days of erosion (g).

3.2 Water absorption rate

Water absorption reflects the resistance of concrete to
external water entering the concrete interior, and it is an
important indicator of mortar durability. The saturation mass,
drying mass, and volume of the specimens was measured by
removing the specimens at the specified age, and the
measurement procedure was as follows.

First, the test block was taken out of the soaking solution and
dried in water until the mass was constant and then measured,
and the result was its saturated mass. The volume of the test
block was measured in the measuring cylinder by the drainage
method to reduce the test error. Next, the test block will be put
into a constant temperature drying oven for drying until the
mass is stable weight, and weighing after the constant weight.
The water absorption rate is calculated according to the
following formula.

w � ms −md

md
× 100%

where w is the water absorption rate of mortar, ms is the saturated
mass of the corrosion specimen; md is the drying mass of the
corrosion specimen.

3.3 Compressive strength

Compressive strength is one of the main indicators of the
mechanical properties of mortar, and it can reflect the corrosion
resistance of mortar in harsh environments. According to the test
method of mechanical properties of ordinary concrete (GB/T50081),
specimens reaching the age of erosion were subjected to axial
compression tests to analyze the compressive properties of
different mix ratios after erosion. To ensure the accuracy of the
data, we took three test blocks for each ratio for testing. The testing
machine’s falling speed (0.45 mm/min) was controlled by the
method of controlled displacement, and the loading was stopped
after reaching 75% of the maximum bearing capacity.

3.4 SEM

The electron microscope scan can visualize the microscopic
morphology of mortar and observe the damaged condition inside
the mortar. The JSM-6700F* cold field emission scanning
electron microscope was used for microscopic electron
microscopy scanning. After sampling the mortar specimen
pieces, the samples were rinsed with anhydrous ethanol and
then dried and stored. The morphology could be observed by
placing the models on the observation plate of the electron
microscope instrument.

TABLE 1 Artificial bio-organic water ration (unit: g).

Starch Glucose Peptone Urea Diammonium hydrogen phosphate MgSO4 NaCl Vitamins Compound fertilizer

614.4 251.52 69.6 25 15 200 200 7.5 20

Note: Add 1 kg sludge and 1 kg algae-rich water per 20 kg water as the biological source.
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3.5 XRD

X-ray diffraction allows the determination of the material
composition and can reveal the hydration characteristics of
mortar and its effect on strength changes at the microscopic
level. Samples are taken within about 5 mm from the surface of
the mortar specimen, rinsed with anhydrous ethanol, dried, and
finally ground with a mortar and then sieved to produce a finer
powder for storage. The test current is 40 mA, the voltage is 40 kV,
and the diffraction angle scanning range is 10–60°.

4 Results and discussion

4.1 Apparent phenomena

The apparent changes of mortar under erosion are shown in
Figure1; the degree of apparent damage becomes more severe
with increasing erosion cycles. After 60 days of erosion, the
surfaces of S1 and S2 specimens produced many crystals with
brown-black color (algae deposition). In contrast, the surfaces of
S3-S5 specimens had relatively few crystals. After 240 days of
erosion, S1 and S2 specimens increased crystallization, further
darkening of surface color and severe erosion, while S3-S5
specimens had relatively less eroded material on the surface
and lighter erosion. In general, additive materials such as
mineral dopants and waterproofing agents play an active role
in corrosion resistance.

4.2 Compression analysis

After the corrosion of each test block pressure analysis, it can
be seen from Figure 2 that more cracks are generated on the
surface of the test block and accompanied by slight surface

peeling. Among them, S1 and S2 have more cracks and are
mostly penetration cracks, with the most severe damage
pattern; S3-S5 produce slight bulging after being pressurized,
with fine cracks mainly, and the overall damage is light. In
addition, the mortar specimens did not have a large amount
of shedding after compressive injury, indicating that the fibers
exerted their toughening and crack-resisting effects.

4.3 SEM electron microscopy scan

4.3.1 SEM electron microscopy scan
After erosion, the pore conditions of each ratio are shown in

Figure 3. It can be found that S1 and S2 have loose structures and
many pores, and most of them are large pores. S3 and S5 surface
pores less, mainly small and medium pores; the S4 structure is
dense, some medium pores exist, and the overall performance is
better, indicating that the mineral admixture and waterproofing
agent can effectively fill the pores and improve the degree of
compactness.

Figure 4 shows the microscopic image inside the material after
240 d of erosion. S1 and S2 specimens have internal hydrated plate
fragmentation; the surface structure is loose, can be observed needle
rod-like calcium aluminate crystals generated, and almost no
Ca(OH)2 observed, indicating that the internal structure of the
specimen has been more severe corrosion. S3 internal surface
corrosion is less than S1 and S2, did not find the existence of
calcium aluminate crystals on the surface. Its hydration plate is
basically complete, and some Ca(OH)2 can be observed, indicating
that the hydration products of the test block are slightly corroded.
S4 in the Ca(OH)2 crystals can be observed; the overall denser, but
micro-cracks exist. S5 in the structure is dense, and the plate is
continuous and complete; the surface of the specimen is less
corroded, indicating that the effect of water-repellent double
admixture is better than a single admixture.

TABLE 2 Mortar mix ratio (unit: kg/m3).

Material type S1 S2 S3 S4 S5

cement 348 polymer mortar Material: Water =100:16 300 300 300

sand 450 400 400 400

water 106 106 106 106

water reducing admixture 3.5 4 5.5 4.5

slump retaining agent 1 1 1 1

basalt fiber 1.5 1.5 1.5 1.5

mekralon 0.6 0.6 0.6 0.6

titanium dioxide 0.5 0.5 0.5

mineral fines 60 60 60

silica fume 10 10 10

quartz sand 50 50 50

methyl sodium silicate 0.6 0.6

inorganic aluminum salt 6 6
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In general, the addition of each admixture can improve the
compactness of the structure and reduce porosity. Among them,
sodium methyl silicate and inorganic aluminum salt waterproofing
agents are better for improving compactness and corrosion resistance.

4.3.2 XRD chemical composition analysis
The XRD pattern before erosion is shown in Figure 5. The

material detected in S2 is mainly calcium carbonate, and the peak is
much higher than the rest of the ratios; it indicates that serious

FIGURE 1
Apparent phenomena.
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carbonization occurs inside S2, and thematerial deterioration will be
accelerated after erosion, so the rest of the proportions except S2 are
mainly analyzed.

S3 and S5 test blocks have higher SiO2 diffraction peaks than
S1. In contrast, calcium hydroxide diffraction peaks are detected
more in S1 and less in the remaining ratios, indicating that SiO2,
the main component of mineral admixture, reacts with Ca(OH)2.
Higher unhydrated calcium silicate peaks were detected in S3,
while silica and unhydrated calcium silicate peaks were lower in
S4 and S5 than in S3. This indicates that the addition of sodium
methyl silicate hinders the hydration of the cement to a certain
extent. At the same time, the inorganic aluminum salt
waterproofing agent makes the internal reaction of the test
block more complete.

As can be seen from Figure 6, As the erosion cycle increases,
the loss of Ca(OH)2 in S1 is severe. At the same time, silica and
unhydrated calcium silicate keep increasing, indicating that a
large amount of damage has been generated within S1 and
prevents further hydration of the cement. The new
crystalline phase ettringite was detected in S1 after erosion
(consistent with microscopic electron microscopy). The
biological acid produced by microorganisms will react
with calcium hydroxide, and the expansion substances such
as gypsum and ettringite will destroy the material’s internal
structure and lead to the degradation of material properties. A
slight decrease in the calcium hydroxide diffraction peak
was found in S3-S5, but no new substances were detected.
This indicates that adding each additive effectively limits

FIGURE 2
Axial compression failure patter. (A) Axial compression failure phenomenon of S1 specimens. (B) Axial compression failure phenomenon of S2
specimens. (C) Axial compression failure phenomenon of S3 specimens. (D) Axial compression failure phenomenon of S4 specimens. (E) Axial
compression failure phenomenon of S5 specimens.

FIGURE 3
Pore status of thematerial after 240 d of erosion (30×). (A) Internal pore image of S1 specimens. (B) Internal pore image of S2 specimens. (C) Internal
pore image of S3 specimens. (D) Internal pore image of S4 specimens. (E) Internal pore image of S5 specimens.
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the generation of aggressive substances and improves the
material’s corrosion resistance. It was found by the
unhydrated calcium silicate peak that the peaks all occurred
to a certain degree of increase. The peak was found by the
unhydrated calcium silicate peak, which showed that the
material could not continue to hydrate in the sewage erosion
environment. There was a certain degree of internal damage,
but the peak decreased in S3, indicating that adding sodium
methyl silicate water repellent can continue to hydrate in late
erosion.

We can find that inorganic aluminum salt water repellent makes
the hydration reaction inside the test block more complete; sodium
methyl silicate hinders the hydration of cement to a certain extent in
the early stage of erosion, but after erosion, sodium methyl silicate
makes the mortar continue to hydrate inside, thus showing better
corrosion resistance. In the erosion environment, only S1 generated
aggressive material ettringite, indicating that the mineral admixture
and water repellent can reduce the generation of erosion material,
effectively improving the material’s durability.

4.4 Water absorption and mass loss rate

The variation law of water absorption of each test block is shown
in Figure 7. Before erosion, the water absorption rate of polymer
mortar (S2) is as high as 5.65%, which is significantly higher than
that of other ratios, and S3-S5 is not much different and lower. After
120 days of erosion, the water absorption rate all occurred in
different degrees, among which S2 decreased the most, but the
water absorption rate was still high; S3-S5 had the lowest water
absorption rate. With the increase of the erosion cycle, the water
absorption rate of each mixture ratio showed a trend of decreasing
first and then increasing. After 240 d of erosion, the water
absorption rate of S3-S5 specimens was significantly lower than
that of S1 and S2. Among them, the minimum water absorption rate
of S5 was only 55.46% of that of S2. The analysis shows that mineral
admixtures and waterproofing agents can increase the density of
mortar and reduce water absorption. Sodium methyl silicate and
inorganic aluminum salt waterproof agent have the best effect.

The water absorption rate of the specimens after S2 erosion
fluctuated greatly, showing the trend of drop-lift-drop. The increase

FIGURE 4
Microscopic scanning photos after 240 d of erosion (2000×). (A)Microscopic scanning image of S1 specimens. (B)Microscopic scanning image of
S2 specimens. (C)Microscopic scanning image of S3 specimens. (D)Microscopic scanning image of S4 specimens. (E)Microscopic scanning image of S5
specimens.

FIGURE 5
XRD patterns of each ratio before erosion.
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in specimen density is caused by the deposition of eroded material,
which can fill the pores in the short term but can cause some damage
to the internal structure. Since S2 produces more crystals and has
not yet caused severe inner deterioration, the water absorption rate
decreases significantly. S4, S5 in the erosion of 60 days when the

lowest water absorption rate, the rest of the test block erosion
120 days before the water absorption rate began to occur after
the rise; indicate that the new anti-corrosion mortar erosion of
less material, inorganic aluminum salt waterproofing agent for
mortar corrosion resistance to enhance the role of obvious.

FIGURE 6
XRD patterns of each ratio in sewage erosion environment. (A) XRD pattern of S1 specimen. (B) XRD pattern of S3 specimen. (C) XRD pattern of S4
specimen. (D) XRD pattern of S5 specimen.

FIGURE 7
Variation rule of water absorption rate.

FIGURE 8
Change rule of mass loss rate.
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According to the variation of mass loss rate in Figure 8, the
quality of each proportion of mortar did not lose compared with the
initial quality. With the increase in the erosion cycle, the quality loss
rate of each mortar showed a trend of increasing and then
decreasing. And the mass of S2 increases the most. According to
the analysis, it is caused by the filling of pores by the erosion material

inside the mortar. In addition, the quality loss rate of each test block
showed a relatively large fluctuation in an increasing trend,
indicating that different degrees of damage occurred inside the
mortar. Among them, S2 fluctuates the most, compared to
S4 and S5 which have relatively stable quality after 60 days
erosion, less internal damage and better overall performance.

FIGURE 9
Load-settlement curve. (A) The load-settlement curve of S1 specimen. (B) The load-settlement curve of S2 specimens. (C) The load-settlement
curve of S3 specimens. (D) The load-settlement curve of S4 specimens. (E) The load-settlement curve of S5 specimens.
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In a comprehensive view, S1 has a high water absorption rate
andmass loss rate, and S2 has a large number of internal crystals and
the largest water absorption rate, both with poor performance. The
water absorption and mass loss rate of S3-S5 are relatively low,
indicating that the internal structure of the mortar is dense and no
severe deterioration occurs. In general, adding a waterproof agent
can effectively improve the density of the material, reduce water
absorption, and improve durability to a certain extent.

4.5 Load displacement curve

Figure 9 shows the compressive load-displacement curves of each
test block before and after erosion. As can be seen from the figure, the
peak strength of the double-doped fiber mortar (S1) is substantially
higher than that of the polymer mortar (S2) at all stages, indicating that
the two fibers have a certain pulling effect within the material and
effectively improve the mechanical properties of the material.
Compared with S1, the peak strength of the ratio of sodium methyl
silicate to inorganic aluminum salt (S3-S5) is further improved,
indicating that adding mineral admixtures can effectively fill the
pores and improve the compressive strength. After reaching the
peak strength, the strength of S4 and S5 will decrease after 180 d of
erosion, while the strength of the other ratios decreases after 120 d of
erosion. Compared to S4, the S5 strength decline rate is slower,
indicating that sodium methyl silicate and inorganic aluminum salt
water repellent have excellent corrosion resistance. The S2 strength of
the control group reached its peak material strength at about 25 MPa,
while the strength of the fit ratio with added fibers was all higher. The
crack-pulling action of the fibers enabled the load to continue to rise
even after cracks appeared in the test blocks. Qin et al. (2018) found that
the reinforcing effect of the fibers was more prominent after the
material cracking.

Overall, each mortar test block showed good performance in the
early stage, and the strength of each ratio decreased to some extent
with the increase of the erosion cycle. This is mainly because the
mortar is slightly eroded at the beginning, the internal can continue

to hydrate, and the test block can maintain a high strength; with the
intensification of erosion, the test block’s internal generation of
calcium alumina and other expansive erosion material, long-term
accumulation will lead to the test block internal damage, resulting in
a continuous decrease in material strength.

4.6 Variation trend analysis of compressive
strength

Figure 10 is the trend chart of the compressive strength of
each mix proportion. The overall strength of each ratio is
increasing first and then decreasing trend, and the pore space
is decreasing first and then increasing trend basically coincides,
indicating that the porosity and strength are negatively
correlated; the higher the porosity, the lower the high strength.
Combined with Table 3, it is found that the strength of S2 at
0 days is significantly lower than that of the other mix
proportions. The initial strength of S3-S5 is more than
1.4 times higher than that of S2, indicating that the admixture
can improve the compactness and the material’s mechanical
properties. After 240 d of erosion, S3-S5 continued to maintain
good performance. The strength retention rate of S4 reached
119.79%, and the residual strength was 77.23 MPa, nearly 30%
higher than that of S2, and the residual strength was increased by
more than 80%. It can be seen that an inorganic aluminum salt
waterproofing agent can slow down the rate of strength decline
and significantly improve the corrosion resistance of mortar.

In summary, fiber can improve materials’ toughening and
crack resistance and effectively improve materials’ mechanical
properties. Mineral admixture can improve the dense property
and increase the compressive strength. The addition of sodium
methyl silicate and inorganic aluminum salt waterproofing
agents can effectively slow down the strength decay rate and
improve corrosion resistance.

4.7 Injury mechanism and protection
principle

Through the above test results of different ratio test block macro
and microstates, we found that sodiummethyl silicate and inorganic
aluminum salt waterproofing agent to enhance the mortar test block
in the harsh environment corrosion resistance has a significant effect
on the material damage mechanism and waterproofing agent
protection principle is as follows.

FIGURE 10
Variation trend of compressive strength.

TABLE 3 Compressive strength of each specimen (unit:MPa).

Erosion time (d) S1 S2 S3 S4 S5

0 63.02 45.38 72.96 64.47 73.58

60 67.23 45.39 82.32 76.24 78.53

120 77.26 46.75 95.01 79.18 80.27

180 74.19 55.71 85.61 83.10 81.02

240 61.28 42.56 70.52 77.23 79.45
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Currently, it is generally believed that the corrosion of the sewage
environment is caused by microbial metabolism and acid production.
In a humid climate, the alkaline substances generated by hydration in
cement-based materials will carbonize with carbon dioxide and water,
resulting in a continuous decrease in the alkalinity of the material and a
decrease in the pH value, which provides conditions for microbial
reproduction. SO4

2- in the sludge is reduced by sulfate-reducing bacteria
(SRB) to produce H2S gas, which reacts with bacteria to produce
biological sulfuric acid (Hendi et al., 2017; Georgios et al., 2021).
Various acids such as biological sulfuric acid and organic acid
produced by microbial metabolism are continuously accumulated
and infiltrated. Over time this will increase the water absorption
and permeability of the material and lead to the degradation of
mechanical properties. Sulfate ions are targeted damage caused by
the directional attraction of calcium ions through biofilm pores in an
electrical manner, thus causing severe damage to the structure. In
addition, cement-based materials will react with biological sulfuric acid

to form expansive materials such as gypsum and ettringite to fill pores
(Figure 11), reducing the structural strength, increasing the porosity,
and eventually leading to the cracking of the structure.

The study found that adding a waterproofing agent can fill the
internal pores and reduce the water absorption of the material,
which significantly improves the corrosion of structures in harsh
environments. Among them, inorganic aluminum salt
waterproofing agent and cement-based materials in the cement
hydration products (hydrated calcium ferrate, hydrated calcium
aluminate, hydrated calcium silicate) reaction to generate
insoluble colloids and expansion-type compound salt crystals to
fill the pores and increase the material density, its mechanism of
action see Figure 12 sodium methyl silicate as a new construction
waterproofing agent, in the action of water and carbon dioxide will
generate methyl silicate alcohol. Methyl silicate alcohol further
cement-based material reaction, in the structure of the material
surface and the internal generation of a few molecules thick water

FIGURE 11
SEM (A) and XRD (B) patterns of eroded materials.

FIGURE 12
Protective mechanism of inorganic aluminum salt waterproofing agent.
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repellent network membrane, it can block the ion penetration and
thus greatly improve the material impermeability, its mechanism of
action in Figure 13. The test found that the addition of sodium
methyl silicate and inorganic aluminum salt waterproofing agent
can effectively reduce the number of internal open pores, increase
the density of the material, the formation of a rigid waterproof layer,
blocking the penetration of harmful ions, which can slow down the
rate of material strength decay, and significantly improve the
corrosion resistance of the material. The analysis of the
experimental results of cement-based material erosion lays a
foundation for future machine learning and residual life
prediction after material corrosion (Huang et al., 2020b;Huang
et al., 2020c; Chang et al., 2020; Medina et al., 2021).

On the whole, the fiber can improve the internal compactness of
mortar, blocking harmful ion transfer paths. Methyl sodium silicate
can form a water-repellent film with low tension on the pore surface
to reduce ion penetration. Insoluble colloids produced by inorganic
aluminum salts can fill the pores and increase their density. On
balance, inorganic aluminum salts are the most effective and are
recommended for priority use.

5 Conclusion

This paper studies the durability of new anti-corrosion mortar in
an erosion environment. The main conclusions are as follows:

(1) Mortar surface will produce many crystals and brownish-black
algae deposition after erosion. The erosion of mortar mixed with
sodium methyl silicate and inorganic aluminum salt
waterproofing agent is obviously reduced. This new mortar
significantly improves compactness and water absorption
over ordinary fiber and polymer mortars.

(2) From the microscopic point of view found that ordinary polymer
mortar test blocks are loose and porous. Adding admixtures and
waterproof agents to mortar will make its internal pores less and
hydration hardening complete. The apparent compactness of
mortar is the best after adding sodium methyl silicate and
inorganic aluminum salt waterproofing agent.

(3) The initial strength of the new mortar is higher, reaching more
than 60 MPa. It is more than 40% stronger than the current
mainstream polymer mortar. There are fewer cracks after
compression failure, showing good mechanical properties.
After sewage corrosion, the strength of polymer mortar is
reduced by nearly 6%, and the strength of high corrosion-
resistant mortar is increased by 20%, showing excellent
corrosion resistance. On balance, inorganic aluminum salts
are the most effective and are recommended for priority use.

(4) Applying the impermeability of sodium methyl silicate and the
ability of inorganic aluminum salt waterproofing agent to fill
pores in cement-based materials to construction materials can
effectively improve the service life of structures and provide
support for structural engineering repair and protection in
complex corrosive environments.
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