O 0

The object of this study was
the concrete structures of a chem-
ical enterprise for the production
of titanium dioxide. In this case,
the ore is decomposed with sulfate
acid according to the sulfate pro-
duction technology. In an aggres-
sive environment, chemical corro-
sion of concrete occurs, prolonged
over time.

Using X-ray diffraction and
X-ray fluorescence analysis meth-
ods, the mineral composition of
two prototypes of concrete was
determined. It was found that the
sample obtained from the work-
shop for processing ore with sul-
Jfate acid showed an increased con-
tent of sulfur oxide (S02) on the
surface, by 33 %, with a reduced
content of carbonates (CaCO;3) on
the surface, by 52.9 %, at a depth
of 2cm — by 53.65, compared to
another (control) sample. At the
same time, iron oxide (Fe;0s3) was
Jound on the surface in a sample of
concrete from the ore storage room
(control), the content of which
decreased by 10.4% at a depth
of 2 cm, and by 12.4 % at a depth
of 4 cm.

The results of electron micros-
copy show sulfur crystals on the
surface of a concrete sample. It
was also found that the micro-
structure of concrete was changed
under the influence of sulfate cor-
rosion, depending on the intensi-
ty of the exposure to a depth of
2 to4 cm. By the method of ther-
moprogrammed mass spectrome-
try, it was established that when a
sample of concrete exposed to sul-
Jate acid is heated to a tempera-
ture of 400 °C, sulfur dioxide S0,
is released mainly from the sur-
Jface. From the surface of the con-
trol sample, which contains a sig-
nificant amount of CaCQ0s, which
is easily destroyed by sulfate acid,
there is probably a smaller amount
of the product of thermal destruc-
tion of calcium carbonate carbon
dioxide (CO3).

The results of the experiment
can be used to study the mechanism
of development of sulfate corrosion
of concrete prolonged over time

Keywords: sulfate technolo-
gy, X-ray diffraction, thermopro-
grammed mass spectrometry, X-ray
fluorescence analysis, electron
microscopy
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1. Introduction

understanding the processes occurring during the destruc-

Studies that address the problem of long-term chemical

tion of cement stone.,
For the production of titanium dioxide by the sulfate

corrosion of concrete (35 years) are very important in terms  method at chemical plants, titanium-containing slags, as
of the operational capacity of building structures, as well as well as ilmenite concentrates, are used as raw materials.




Titanium dioxide (TiO) pigment is different, depending on
the technique of its production, it may differ in crystal struc-
ture and pigment properties. Basically, TiOs is used for the
paper, paint and varnish, plastic and rubber industries as a
pigment. It is known that the production of titanium dioxide
occurs according to sulfate and chloride technology. With
chloride technology, the amount of waste is much less. Most
enterprises that produce TiO, using sulfate technology face an
issue related to a large amount of waste. At the experimental
enterprise, ilmenites are used as raw materials — Fe TiOs, tita-
nomagnetite — [ TiFesOs+FesOy], with a ratio of FeOQ/Fe,Os
less than 2, hematitoilmenite — FeTiOs-Fe;O3], with a ratio
of FeO/Fe;,03 less than 2. Such ilmenite concentrates are
used from the Irshinsky, Norwegian, Bukin, and Fedorivske
deposits of the Zhytomyr oblast. These concentrates, using
sulfate technology for the production of titanium dioxide,
are decomposed by sulfate acid. Most of the waste is salts of
iron and sulfate acid. Therefore, the conditions of production
where these compounds form in large quantities and enter
the air of the workshop are quite toxic and destructive rela-
tive to concrete structures.

In the study, the results of the destructive activity of
chemical corrosion in a sulfate environment. Structural
changes in concrete were studied using electron microscopy
at different depths from the sample surface. The mineral
composition of various concrete samples was also determined
by X-ray fluorescence analysis, which gives an idea of the
chemical processes that occurred over time during the direct
interaction of the components of concrete with HoSOy. As a
confirmation of the change in the qualitative composition of
concrete and its heat resistance, the method of thermopro-
grammable mass spectrometry (TPD MS) was used. During
the destruction of concrete, changes occur at the molecular
level, which can be assessed during the X-ray structural
studies. The method shows the intact crystalline phases of
concrete samples.

An integrated approach to the study of the effects of
chemical corrosion makes it possible to determine the
depth of concrete damage, the results of structural micro-
and macroscopic changes, and the mineral composition.
This is necessary to predict the period of safe and environ-
mentally sound operation of industrial premises of chemical
enterprises.

The relevance of appropriate research relates to the need
to determine the depth and mechanism of chemical corrosion
of concrete under the conditions of the sulfate environment
of a chemical enterprise.

2. Literature review and problem statement

Titanium dioxide is the basis for the formation of other
compounds, including metallic titanium. Titanium dioxide
is used more often as a mineral paint, filler in the production
of metal and rubber.

The production of titanium dioxide can occur by sulfate
and chlorine techniques. Chlorine extraction method is safer
from an environmental point of view, owing to the use of im-
proved technology, which is carried out under a continuous
mode using full automation of production [1]. However, the
disadvantage of this method is the greater requirements for
the purity of raw materials, the use of corrosion-resistant
equipment.

They apply the sulfate method for the production of
titanium dioxide, which involves the use of a large amount
of HyS0y. Also, the process cannot be fully automated,
so people are involved in the process. Since the process is
not carried out in a completely closed system, a significant
amount of sulfate acid enters the outside and reacts with the
concrete structures of the enterprise. Paper [2] investigated
the mechanism of destruction of concrete under the action
of SO,. However, the studies were conducted under artificial
laboratory conditions, so it is difficult to predict sulfate car-
bonization in real conditions prolonged over time.

In most tests 3, 4], researchers try to protect the con-
crete surface from chemical corrosion but for each object it
is necessary to create specific protection for concrete struc-
tures, depending on the environment.

The study of changes in the properties of concrete under
the influence of sulfate corrosion is an important problem
for predicting the characteristics and durability of concrete.
Studies [5, 6] show that sulfate ions from the environment
enter into a chemical reaction with concrete components,
Penetration into concrete occurs due to the flow of diffusion,
adsorption, and convection processes. The paper carried out
modeling of accelerated sulfate corrosion in the «dry-wet»
cycle. Tt was found that there is a relationship between re-
ducing the strength of concrete and the depth of its damage.
The experiment did not take into account the temperature
and time of exposure to sulfate corrosion.

In [7], it was found that corrosion of concrete in the
sewage system is caused by a high concentration of H,S in
wastewater. The researchers proved that cement directly
reacts with sulfate acid, which was formed as a result of
the oxidation of H»S without the participation of microor-
ganisms that oxidize sulfide. The limitation of the study is
that the experiment was carried out in the field, which was
created in a specific environment of the sewer system, which
cannot guarantee the presence of similar conditions in other
hydrotreatment systems.

Researchers [8] found that bacteria of the genus Thio-
bacillus in the process of metabolism are able to convert
hydrogen sulfide into sulfuric acid, which reacts with
concrete and forms gypsum. As a result of this process,
there is a decrease in the strength of concrete and its de-
struction. The results of the work prove the relationship
between the amount of sulfur and exposure, with com-
pressive strength, weight loss, porosity, and corrosion.
The disadvantage of the study is that that the experiment
did not consider the effect of the corrosion process on the
mineral composition of concrete.

A test study was carried out to measure the strength of
concrete in close cross sections parallel to the corrosive sur-
face by ultrasonic using exponential heads [9]. The samples
were obtained from an object that was subjected to sulfate
corrosion for five years, which is too short a period to predict
prolonged chemical corrosion.

In livestock facilities, the main building material is con-
crete, which is constantly exposed to biochemical corrosion.
The aggressive environment of livestock facilities, as shown
by studies [10], is associated with microorganisms, the use
of high concentrations of disinfectants and natural animal
feces. The researchers determined the effect of interrelated
biochemical corrosion on concrete structures but did not
study the detailed mechanisms of physicochemical changes
and the depth of corrosion processes.



Paper [11] proposed a method for assessing corrosion
damage to sulfate concrete using computed tomography,
ultrasonic measurement, and an analytical hierarchical pro-
cess. The proposed methods give fairly accurate results and
analytics methods, compared to traditional ones. However,
the equipment used is very specific, expensive, and the pro-
cess is time consuming.

Over time, the characteristics of concrete can change un-
der the influence of the external environment. Diffusion and
reaction of H,SO, with concrete components is a complex
physicochemical process. Products that occur when inter-
acting with sulfate acid transform concrete [12].

There are no data on the changes in mineral composition
and depth of damage prolonged over time sulfate corrosion
of concrete. Researchers [13] are concerned with this issue
and have created a mathematical model (stochastic kinetic
equation) to establish the likely development of a sulfate
corrosion reaction leading to the formation of corrosion
products. The model can be used to predict corrosion trends
and the effect of sulfate corrosion products on the durability
of concrete. However, the method provides only probabilistic
information.

Based on the analysis of previous experiments, it became
necessary to study in more detail the sulfate corrosion of
concrete in a chemical enterprise, prolonged in time. At the
same time, experiments should include studies of the trace
element composition, microstructure, and heat resistance
of concrete subjected to destructive changes. The results
will make it possible to prove the relationship between the
change in the microelement composition and the violation of
the structure of concrete. In addition, the study of the mech-
anism of sulfate corrosion of concrete is the basis for pre-
dicting the depth of corrosion in the environment of HySOj.

3. The aim and objectives of the study

The aim of our study is to determine the relationship of
the degree of intensity of chemical corrosion with the depth
and changes in the mineral composition of concrete in the
sulfate environment of a chemical enterprise. This will deter-
mine the intensity of the development of chemical corrosion
over time in a sulfate environment. Based on the results of
analyzes of concrete samples by modern physicochemical
methods, the prospect of conducting a reasonable prediction
of the stability of production facilities over a given period of
time arises.

To accomplish the aim, the following tasks have been set:

- to determine the mineral and phase composition of
concrete under sulfate conditions by X-ray diffraction and
X-ray fluorescence analysis;

~to investigate the presence of microstructural and
chemical components of changes in concrete under the in-
fluence of a sulfate medium using electron microscopy and
to conduct a comprehensive thermal analysis of concrete
samples by the method of thermoprogrammed mass spec-
trometry.

4. Materials and research methods

4. 1. Object and conditions of research
The idea of the experiment was that under the conditions
of a sulfate-aggressive environment of a chemical enterprise

for the production of titanium dioxide, structures are ex-
posed to prolonged corrosion, which leads to a change in the
microstructure, elemental composition, and heat resistance
of concrete. Therefore, for a comprehensive study of con-
crete samples, the method of X-ray fluorescence analysis,
thermoprogrammable mass spectrometry, scanning electron
microscopy, and X-ray diffraction were involved. Subse-
quently, patterns and justifications for the data obtained
were established.

The ohject of our study is concrete in the titanium diox-
ide production workshop.

The subject of the study is the regularities of physico-
chemical changes in concrete under the influence of sulfate
chemical corrosion prolonged over time.

The main hypothesis of the study was that based on the
determination of structural changes and mineral composi-
tion, it is possible to predict the depth of destruction, struc-
tural and chemical changes in concrete.

The research was carried out at a chemical enterprise for
the production of titanium dioxide by the sulfate method.
Concrete samples were obtained in a workshop for the pro-
duction of titanium dioxide from different depths: surface;
2.0 cm; 4.0 cm. A depth of 4 cm is actually the bottom of a
concrete sample.

Laboratory tests were carried out in the laboratory of
architecture and engineering surveys at Sumy National
Agrarian University, and the laboratory of the Depart-
ment of Radiation Biophysics of the Institute of Applied
Physics of the NAS of Ukraine during 2021-2022 (Su-
my, Ukraine).

4. 2. Procedure of research using an X-ray fluorescent
analyzer

Concrete samples were examined using the X-ray
fluorescent analyzer (XFA) ProSpector 3 (Elvateh, Ky-
iv, Ukraine). The XFA method is based on the registration
of the characteristic X-ray radiation of the atoms of the
experimental substance, which occurs as a result of irra-
diation of the sample with X-ray tube radiation. The ana-
lytical unit of the device was fixed at a distance of 1.5 mm
from the surface of the concrete sample for 30-60 s. Mea-
surement of the intensity of the characteristic radiation
of atoms allows one to calculate the concentration of the
corresponding element.

4. 3. Procedure for determining the heat resistance of
concrete using thermoprogrammable mass spectrometry

To determine the heat resistance of concrete samples,
the method of thermoprogrammable mass spectrometry
(TPD MS) was used; the installation includes a high-tem-
perature furnace and the gas mass spectrometer MX-
7304 (VAT SELMI, Sumy, Ukraine). Concrete samples
weighing 5-10 mg were heated in vacuum from 40 to
900 °C at a rate of 15°C/min. At the same time, gasi
es formed during heating were registered. Gases were
identified by molecular weights (m/z): H,O — 18 a.0.m.,
COy — 44 a.0m. 64 — SOy a.o.m. [14].

4. 4. Procedure of scanning electron microscopy

The study of the microstructure of concrete samples
was carried out by scanning electron microscopy on the
raster electron microscope (REM) 106 (VAT SELMI,
Sumy, Ukraine). To establish corrosive changes in the
microsturge of concrete, the samples were fixed on metal



bedding using double-sided carbon tape. To give samples
electrical conductivity, silver was sprayed. For the study
of biofilms of microorganisms, concrete samples were fixed
with 2.5 % glutaraldehyde at 0.2 M phosphate buffer solua
tion, dehydrated in a series of ethyl alcohols of increasing
concentration and sprayed with silver [15]. It was inves-
tigated in a raster electron microscope under the mode of
secondary electrons in the range of electron-optical magni-
fications from 200 to 5,000 times.

4.5. Procedure of X-ray diffractometry research
DRON 4-07 in Nifiltered K«

Structural studies of the samples were performed on the
DRON 4-07 X-ray diffractometer in Nifiltered Ka copper
anode radiation. The shooting was carried out in the range
of angles of 26 from 200 to 800, where 20 is the Bragg angle.
Before the study, concrete samples were crushed and ground
in a mortar to a size of 15-20 microns, and then pressed into
a retainer. The studies used X-ray focusing according to
Bragg-Brentano [16].

5. Results of the study of chemical corrosion
of concrete

5. 1. Results of determining the mineral composition
of concrete by X-ray diffraction and X-ray fluorescence
analysis

Two samples of concrete obtained at a chemical plant
for the production of titanium dioxide by the sulfate meth-
od were investigated. Concrete sample No. 1 (control) was
obtained in the ore storage room — ilmenite concentrates.
A study was conducted to determine the mineral compo-
sition of concrete using an X-ray fluorescent analyzer (Ta-
bles 1, 2).

Table 1

Results of studying the mineral composition of concrete
sample No. 1 using an X-ray fluorescent analyzer

crete mix, silicon dioxide (Si04) was found in a sufficient
amount in the concrete sample, but less on the surface
compared to the deep layers, by 1.9 %. Iron oxide (FeaO3)
was found in large quantities on the surface, then, deep
into the concrete sample, the content of the element
progressively decreased by 10.4 % and by 12.4 %. Sulfur
oxide (SO3) was found on the surface of concrete in small
quantities.

Concrete sample No. 2 was obtained in the workshop for
the production of titanium dioxide by the sulfate method,
namely in the room where ilmenite concentrates are treat-
ed with sulfate acid. The results of determining the trace
element composition of concrete sample No.2 are given
in Table 2.

Table 2

Results of studying the mineral composition of concrete
sample No. 2 using an X-ray fluorescent analyzer

Surface Depth 2 em Depth 4 cm
Indicator
Value, %
CaO 18.50£0.90 25.50£1.20 79.40£0.80
FeyO4 16.00+0.40 15.40+0.40 8.50+0.40
Si0, 20.70+0.90 21.90+1.00 7.11£0.23
AlLOg 4.30+1.40 5.90+1.50 0.51+0.12
e 0.10£0.15 0 0
S50, 33.40£0.70 27.10£0.70 0
K20 2.80+0.80 1.5£1.10 2.00+0.90
MgO 2.00£4.00 0 0
MnO 0.16+0.006 0.14+0.08 0.35£0.14
PyO5 0.90+0.50 1.60+0.60 0
TiO, 0.50+0.30 0.40£0.30 1.40£0.70
Cry03 0.09+0.07 0.13+0.09 0
SrO 0.09+0.01 0.12+0.01 0.31£0.03
PbO 0 0.04+0.05 0.04£0.03

fndicator Surface Depth 2 em Depth 4 cm
Value, %
CaO 71.40+1.70 79.10+1.30 79.60+0.60
FeyOy 22.20£1.60 11.80£1.00 9.80£0.50
SiO;y 4.60+0.40 6.50+0.40 8.80+0.30
Al;O4 0.60+0.30 0.40£0.30 0.34£0.15
ShyO4 0 1.50+1.4 0.60+0.60
SO, 0.5440.04 0 0.25+0.01
MnO 0 0 0.40£0.17
CrO 0.35+0.08 0 0
PbO 0.12+0.24 0.40+0.30 0
ZrOy 0.11£0.09 0.17£0.10 0
SrO 0 0.16+0.07 0.1740.03

As a result of the study, it was found that a significant
amount of calcium oxide (CaQ) was found on the surface
of concrete sample No. 1 (control), while on the surface
the content of calcium oxide was 7.7 % less compared to
a depth of 2 and 4 cm. The usual component of the con-

Based on the results obtained, calcium oxide on the
sample surface is smaller, leveled with deeper layers by 7 %
and 60.9 %. This result indicates the corrosion processes
that occurred on the surface of the concrete, as a result of
which a significant part of the calcium present in concrete
in the form of calcium carbonate was lost. The level of iron
oxide (FeyO3) on the sample surface was twice as high com-
pared to 4 cm deep, indicating the penetration of the element
from the environment. Also characteristic of this sample was
a high content of sulfur oxide (SO»), 33 % more compared to
sample No. 1 (control). Penetration of sulfur oxide was ob-
served from the surface up to 2 em, with a decrease of 6.3 %.
Silicon dioxide (Si0-) in this sample was in a large amount
on the sample surface, which decreased at a depth of 4 cm
by 13.59 %.

Also, to clarify the results, an X-ray diffractogram of
powdered sample No. 1 (control) and No. 2 (experimental)
concrete was acquired (Fig. 1, 2).

The sample is dominated by calcium carbonate CaCQj,
which indicates the preservation of the basic composition
of concrete and its non-significant chemical corrosion, as
shown by subsequent studies by REM and TPD MS.
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Fig. 1. The results of the study of concrete sample No. 1 (control) using an X-ray diffractometer
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Fig. 2. The results of the study of concrete sample No. 2 (experimental) using an X-ray diffractometer

In the results obtained from X-ray structural stud-
ies, silicon oxide (Si0j) prevails in sample No. 2. Peaks
in Fig. 2 characterize the crystalline phases of parts of
non-destroyed concrete samples. In sample No. 2, calcium
carbonate is destroyed, as a result of which it does not have
a normal crystalline structure, so it is absent on the X-ray
diffractogram.

3. 2. The results of the study of microstructural chang-
es using mass spectrometry and electron microscopy

To determine structural changes in concrete samples
under the influence of chemical corrosion, concrete samples
were subjected to heating to 1000 °C (Fig. 3, a, b).

As a result of the study of concrete samples using the
TPD MS method, it was found that at a temperature of
100 °C with an intensity of 1.0-1.2, water evaporated from
the surface and a depth of 2 ¢cm. From this, we can conclude
that the water content is probably higher in concrete sample
No. 2 (experimental) destroyed by the action of sulfate acid.

At a temperature of 600 °C, a significant amount of
COj was released from the surface of concrete sample No. 2
(Fig. 4, a, b), which indicates the presence in the sample of
a significant amount of calcium carbonate (CaCOj) and
which is consistent with the results of the mineral composi-
tion (Table 1).

From a depth of 2 and 4 c¢m, the intensity of carbon
monoxide release was 0.10-0.12 a.u. When the prototype
was heated, carbon monoxide was not released from the
sample surface; from a depth of 2 ¢cm, the intensity of CO,
release was 0.10 a.u., from a depth of 4 cm — 0.18 a.u. It can
be seen that the control contains a much larger amount of
CaCOj in the surface layer of the sample than that in the
prototype.

The results of the study of the control sample by the
method of thermoprogrammed mass spectrometry show
that from the surface, a depth of 2 and 4 ¢m, at a temperas
ture of 900 °C, SO, released with an intensity of 0.0040 to
0.0050 a.u. (Fig. 5, a, b).
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When heating sample number 2 (experimental) Fig. 5, b
to a temperature of 400 °C, sulfur dioxide is released from
the sample surface with an intensity of 0.008. Sulfur di-
oxide is released from the prototype with an intensity of
0.007 from a depth of 2 cm when heated to a temperature
of 800 °C. Thus, it is proved that under the action of sulfate
acid, most of the sulfur is concentrated on the surface and
near-surface layers of concrete.

Raster electron microscopy was used to study the micro-
structure of concrete samples (Fig. 6-9).

WD=12.6mm 20.00kV  x2.00k

Fig. 9. Electron microscopy of the sample of the image of
sample No. 2 (experimental) at a depth of 4 cm, no corrosion

Fig. 4 shows the surface of sample No. 1 (control); with
violation of the integrity of the structure under the influence
of chemical corrosion.

However, at a depth of 2 and 4 cm, signs of corrosion are
not observed (Fig. 7, a, b). Thus, during long-term operation,
the sample of concrete No. 1 underwent insignificant corro-
sion, which manifests itself only on the surface.

On the surface of concrete sample No. 2 (experimen-
tal), signs of chemical degradation of concrete with the
formation of sulfur crystals were found (Fig. 8, @), which
is confirmed by previous
studies (Fig. 2, a).

Also, at a depth of
2 c¢m, there are signs of
micro destruction of con-
crete (Fig. 8, b). The study
of sample No. 2 at a depth
of 4 cm confirms the cessae
tion of corrosion processes
in concrete (Fig. 9).

: ; As a result of the study
d - : =g = by REM method, it was
- A found that concrete sam-
ples No.1 (control) and
a b No. 2 (experimental) had
different  degrees and
depths of destructive pro-
cesses. The prototype was
negatively influenced by
external environmental
factors, which had their
differences associated with
the technological process-
es of titanium dioxide
production in a chemical
plant.

WD=11.2mm

Fig. 6. Electron microscopy of the surface of sample No. 1
(control), insignificant signs of a change in the structure

*
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Fig. 7. Electron microscopy of sample No. 1 (control): @ — depth, 2 cm;
b — depth, 4 cm, no signs of corrosion

6. Discussion of results of
the study of biochemical
corrosion of concrete

WD=11.9mm 20.00kV
a b Studies of the mineral

composition have estab-

Fig. 8. Electron microscopy of the sample of the image of sample No. 2 (experimental): lished that a large amount

@ — sulfur crystals on the surface; b — corrosion of the concrete surface at a depth of 2cm of carbonates (CaCOg)



(Table 1) was found in concrete sample No. 1 (control) obtained
in the premises for storing ilmenite ore, which is confirmed by
TPD MS method (Fig. 2, @). In the sample of concrete No. 2
(experimental), obtained in the workshop for the production of
titanium dioxide, on the surface of the sample, carbon monoxide
was not released when heated (Table 2, Fig. 2, b). The study
of the mineral composition of the sample indicates a decrease
in the CaO content on the surface, by 52.9 %, at a depth of
2 cm — by 53.6 5, compared to sample No. 1. At a depth of 4 cm,
the level of calcium oxide content is the same in both samples,
which brings chemical corrosion of the surface layer of concrete
to a depth of 4 cm. Researchers [17] reported similar results as
a result of corrosion of concrete in the pigsty room, when the
result of destruction was the loss of calcium carbonate.

Iron oxide (Fe;O3) was found in larger quantities in sam-
ple No. 1 on the surface, by 6.2 %, compared to sample No. 2.

In sample No. 1, traces of sulfur oxide (SO2) were
found on the concrete surface (Table 1). In the study of the
mineral composition of sample No. 2, it was found, on the
surface, 33.40 %, and at a depth of 2 cm — 27.10 %, which
is confirmed by TPD MS method (Table 2, Fig.3,a, b).
Studies [18, 19] proved the destructive prolonged effect of
sulfate acid on concrete structures in chemical plants in the
production of titanium dioxide by sulfate method.

The X-ray diffractogram of powdered sample No. 1 (control)
is dominated by calcium carbonate (CsCQOjy), which confirms
the preservation of chemical and structural integrity (Fig. 1).
X-ray diffractogram of sample No. 2 (experimental) contains
a large amount of silicon oxide (SiO,), which is associated
with chemical corrosion of concrete. At the same time, calcium
carbonate was destroyed, which turned into gypsum [20]. As a
result of sulfate corrosion, significant destruction of concrete to
a depth of 4 cm occurred. In works [21, 22], laboratory studies
proved that concrete samples under the influence of sulfate acid
had a large number of microcracks and the destroyed corrosive
layer had a tendency to fall off.

Studies of the microstructure of concrete with the help
of REM revealed a violation of the integrity of the sur-
face (Fig. 4) and the preservation of the normal structure of
the cement stone at a depth of more than 2 em (Fig. 5, a, b)
in sample No. 1 (control). Sulfur crystals were found [23] on
the surface of concrete sample No. 2 and signs of corrosion
to a depth of 2 em (Fig. 6, a, b), which is confirmed by other
studies. At a depth of 4 cm, in sample No. 2 (experiment),
the normal microstructure of concrete is preserved (Fig. 7).

There is a regularity in the reported research results
associated with the intensity of penetration of chemical cor-
rosion deep into concrete [24].

Owing to the use of a set of modern research methods,
such as the X-ray diffractometric method, REM, TPD MS,
and XFA, we confirm results to make it possible to predict
the safe life of concrete structures. The use of modern meth-
ods and samples of concrete, which were subjected to sulfate
corrosion in real conditions, is an advantage of this study
over similar ones [25].

Our experiment can serve as an example of chemical
corrosion of concrete, which is caused by sulfate acid at a

chemical plant for the production of titanium dioxide using
sulfate technology.

The limitation of the experiment is that the samples that
were investigated were obtained from a room where specific
conditions for prolonged exposure to sulfate acid on concrete
structures were created.

The disadvantage of the study is that it is quite difficult
to obtain similar results of concrete corrosion in the labora-
tory, due to the creation of specific conditions for changes in
temperature, humidity, and exposure to sulfate acid vapors.

The area of further rescarch is to determine a way to re-
duce the effect of chemical corrosion on concrete structures
in chemical plants.

7. Conclusions

1. The method of X-ray diffraction and X-ray fluoresr
cence analyzer were used to establish the mineral composi-
tion of concrete. Our results prove that with active sulfate
corrosion of the concrete sample, the content of sulfur
oxide (SO») increases while the carbonate content (CaQ)
decreases. On the X-ray diffractogram of a concrete sample
that is affected by sulfate corrosion in the absence of calcium
carbonate (CsCOy3), there is silicon oxide (SiOs) in large
quantities, which is an integral element of ordinary sand.

2. By using electron microscopy, it was established that
the microstructure of concrete is changed under the influ-
ence of sulfate corrosion and can reach a depth of 2 and 4 cm,
depending on the intensity and time of destruction. On the
surface of the sample, which is obtained in the workshop for
the production of titanium dioxide by the sulfate method,
sulfur crystals are observed, when the sample is heated to
a temperature of 400 °C, sulfur dioxide is released from the
surface with an intensity of 0.008. The TPD MS method
confirmed the change in the ionic composition of concrete
and the depth of destruction in prototypes on the surface,
and the return to normal composition at a depth of 2 to 4 ¢,
as indicated by the content of COs.
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