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ABSTRACT
Introduction. The article considers the issue of modifying the initial chrysotile fiber and its bundles by the action of hydration products 
of Portland cement and various acidity value of the treated medium. A brief justification of the relevance of the research topic is provided. 
It is noted that recently, issues of production of composite materials based on natural and man-made raw materials, which are a promis-
ing area of modern economics, have aroused great scientific and practical interest. The availability and low cost of raw materials, as well 
as low energy, transportation, and overhead costs, contribute to reducing the cost of composite materials. At the same time, the high 
contractual prices and strong demand in both domestic and foreign markets provide incentives for increasing production volumes. The 
aim of the research is to study the behavior of the initial chrysotile fibers and their aggregates in the composition of the cement compo-
nent under the influence of different acidity of the treated medium. Research objective:  to investigate the behavior of chrysotile cement 
dust components under an aggressive environmental condition with electron microscopy examination; calculation of the number and 
dimensional characteristics of nanofibers and dust particles under the influence of various exposure times of the aggressive factor; micro-
difraction studies of the nanostructure of the studied samples after exposure to acidic media. Materials and methods. The materials used 
in the research and their characteristics are given, in particular, chrysotile cement dust containing fibers of commercial chrysotile, acidity 
of the medium, exposure time, micro- and nanofibers obtained after exposure to aggressive medium. Samples of chrysotile cement dust 
were taken at the slate production No.1 of JSC “BelACI” and collected at the place of sawing of chrysotile cement products, underwent the 
stage of dispersion using a centrifugal separator. In the work chrysotile cement dust was used as an object of environmental pollution and 
its further use in the production of composite chrysotile cement products. Results. The results of studies on the influence of aggressive 
environment on the components of chrysotile-cement dust, their size characteristics, and structural nano-changes are presented. The 
studied samples have been examined in a scanning ion-electron microscope at magnifications of 200x, 500x, 5000x, 10000x, and their 
chemical composition have been analyzed. Discussion. The results of analysis of the obtained experimental data are given. Quantitative 
composition of fibers and aggregates of fibers in chrysotile cement dust changes after its exposure in acidic medium in comparison with 
their quantity in initial chrysotile cement dust, and the quantity of separate thin fibers increases, it is explained by the fact that in acidic 
medium there is not only destruction of cement stone, but also splitting of bundles of chrysotile fibers into micro- and nanofibers. Conclu-
sions. Electron microscopic examination of initial commercial chrysotile fibers and their bundles in cement dust have shown changes in 
their dimensional and quantitative characteristics, including the products of Portland cement hydration under the influence of the factor 
of aggressiveness of the environment.

KEYWORDS: commercial chrysotile, chrysotile cement dust, micro- and nanofibers, hydration products, acidity of the medium, quantitative 
and dimensional characteristics.
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INTRODUCTION

Chrysotile, formerly known as asbestos, is one of the 
most common minerals [1–3] in the group of ser-

pentine silicates [4]. It possesses unique physical [5–8] 
and chemical properties [9–11], which make it valuable 
in many industrial applications. Chrysotile consists of 
fibers that can be thin, flexible, and have high tensile 
strength [12]. Its chemical formula can be represented 
as Mg3(Si2O5)(OH)4Mg3(Si2 O5 )(OH)4, indicating its 
magnesium silicate composition with hydroxyl groups 
[13–15]. Due to its strength, high temperature resistance, 
and chemical inertness, chrysotile has found wide use 
in construction, automotive manufacturing, and other 
industries. In natural conditions, it forms three types 
of structures: cross-fibrous, longitudinal-fibrous, and 
tangled-fibrous. Fibers typically range from 2 to 5 mm 
in length [16], sometimes longer, up to 20–30 mm [17], 
and extremely rarely over 100 mm [18].

In industry, chrysotile is valued for its exceptional me-
chanical strength [19], low electrical conductivity [20,21], 
thermal stability [22], and excellent adsorption qualities 
[23]. Fiber length [24] plays a crucial role in its industrial 
applications. Approximately 60% of mined chrysotile is 

used in the production of chrysotile cement products, 
which, due to their unique properties, are widely used in 
the construction industry and other sectors. Chrysotile 
cement products include materials such as roofing and 
wall panels, pipes [25] for water supply and sewage [26], 
as well as various types of sheets and boards [27]. These 
products are valued for their strength [28], fire resistance, 
and durability [29], making them a popular choice for 
many construction projects [30,31].

The peak of chrysotile production [32–34] was 
reached in 1977, when the total production volume was 
approximately 5.5 million tons, with over 2.5 million 
tons from the USSR [35] and over 1.5 million tons from 
Canada [36]. Since the 1980s, due to environmental risks, 
chrysotile production volumes began to decline, dropping 
to 2 million tons by 1998 [37]. Today, the main producers 
of chrysotile are Russia, Canada, China, Brazil, Zimba-
bwe [38], Kazakhstan, and South Africa. The total asbes-
tos reserves are estimated to be around 80 million tons, 
with chrysotile accounting for over 95% of this.

Industrial deposits of chrysotile, also known as white 
asbestos, often form as a result of hydrothermal and meta-
morphic processes [39–41], which significantly influ-
ence the formation and distribution of these minerals. 

Fig. 1. Schematic geological map (a) and cross-section (b) of a section of the Bazhenovskoye chrysotile deposit. 
According to V.F. Dybkov and M.M. Trapeznikova: 1 – gabbro; 2 – serpentinites; 3 – peridotites; 4 – peridotites 
with bordered chrysotile veins; 5 – peridotites and serpentinites with coarse-mesh asbestos mineralization; 6 – 
serpentinites with fine-mesh asbestos mineralization and “fine-vein” chrysotile; 7 – serpentinites with chrysotile 
veining; 8 – talcified serpentinites
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Hydrothermal processes involve the movement of hot 
aqueous solutions through cracks and pores in the Earth’s 
crust, leading to changes in the chemical composition of 
surrounding rocks and the formation of new minerals. 
In the case of chrysotile, these processes can contribute 
to the enrichment of rocks with magnesium, a key com-
ponent of the mineral. Metamorphic processes include 
the transformation of minerals under high temperatures 
and pressures, which is also characteristic of zones where 
chrysotile is found. These processes can lead to the ser-
pentinization of ultramafic rocks, resulting in serpentine 
minerals, including chrysotile. The most significant in-
dustrial deposits belong to the apo-ultramafic type, which 
includes three subtypes: Bazhenovskoye, Labinskoye, and 
Karachayevo.

Bazhenov-type asbestos deposits belong to a special 
category characterized by certain geological and miner-
alogical features. These deposits are typically associated 
with the Bazhenov Suite, which is known for its unique 
black shales rich in organic matter. Bazhenov-type asbes-
tos can contain various forms of asbestos minerals, includ-
ing chrysotile and amphiboles. The uniqueness of these 
deposits lies in their concentric zonal structure, defined 
by a wide range of asbestos formations, varying from thin 
layers to single and complex bordered veins. A distinctive 
feature of these deposits is their concentric zoning, result-
ing from the diversity of asbestos occurrences, from thin 

interlayers to simple and complex bordered veins. This 
structure indicates a multi-level and complex nature of 
the processes that led to their formation, including both 
geological and hydrothermal influences. This gives Ba-
zhenov deposits special value not only in the context of 
asbestos mining but also in terms of understanding the 
geological evolution of the region (Fig. 2).

The primary asbestos veins, rich in pure chrysotile with 
a cross-fiber structure [42], play a crucial role in asbestos 
deposits. These veins are found surrounded by massive 
serpentinites [43], followed by zones of serpentinized ul-
tramafics [44], progressing to weakly serpentinized perido-
tites [45] or dunites [46]. These primary veins can contain 
asbestos fibers reaching lengths of up to 60 mm, which is 
considered significant for asbestos fibers [47].

More complex veins are characterized by the presence 
of multiple parallel asbestos veinlets separated by solid 
serpentinite. Although the fibers in these veins are shorter, 
the overall chrysotile content can reach up to 10%. Areas 
known as “coarse meshes” contain short and chaotically 
arranged chrysotile veinlets, separated by sections of hy-
perbasite. At the periphery of the deposits is the “fine 
mesh” in fully serpentinized areas of the host rock [48].

The petrographic characteristics of hyperbasites, 
including their mineralogical composition and texture, 
play a crucial role in serpentinization processes. These 
processes, occurring deep within the Earth, lead to the 

Fig. 2. Types of chrysotile asbestos veining (textures): a – simple bordered vein, with a veinlet visible in the center; 
b – complex bordered vein; c – fine mesh type ore; d – fine vein type ore. 1 – harzburgite, 2 – serpentinite, 
3 – chrysotile veins
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transformation of primary magmatic minerals into ser-
pentine associations, significantly affecting the asbestos 
content in these rocks.

Harzburgites, a variety of ultramafic rocks, are often 
associated with high asbestos content. This is due to their 
specific mineral composition and formation conditions, 
which promote the formation of asbestos minerals such 
as chrysotile. In serpentinized harzburgites, asbestos min-
erals can form long fibers, making them economically 
valuable.

The formation of chrysotile asbestos in serpentinized 
ultramafics is a process that attracts the attention of ge-
ologists and environmentalists due to its industrial signifi-
cance and environmental impact. Chrysotile asbestos, the 
most common type of asbestos, forms through serpenti-
nization when primary magmatic minerals like olivine 
and pyroxene transform into serpentine minerals under 
the influence of water and pressure. These processes not 
only lead to the formation of chrysotile asbestos but also 
alter the physical and chemical properties of the original 
rock, making it less dense and more permeable.

Labinsk deposits form under specific geological condi-
tions characterized by a high degree of serpentinization 
of ultramafics, resulting in significant reserves of chryso-
tile asbestos. These deposits have a diverse mineralogical 
composition, including serpentine minerals, magnesite, 
talc, and other associated minerals, indicating complex 
formation processes. Labinsk subtype deposits are dis-
tinguished by chrysotile veins with a cross-fiber structure 
that can extend over long distances [49].

Karachay deposits, like many other types of asbestos 
deposits, have several unique geological characteristics. 
One such feature is the presence of longitudinal-fiber 
veins. The longitudinal-fiber structure of the veins indi-
cates that they formed under conditions where geologi-
cal forces acted in a specific direction over a significant 
period. These veins are often rich in asbestos minerals, 
particularly chrysotile, which is the most common type 
of asbestos and widely used in industry [50].

Skarn deposits, such as the Aspogash deposit in Russia 
and their analogs in the USA and China, are contact-
metasomatic and associated with serpentinization in do-
lomitic limestones and dolomites. Asbestos from skarn 
deposits is characterized by a cross-fiber structure and 
particularly low iron content, making it especially valu-
able for the electrical industry due to the high purity and 
dielectric properties of the material [51].

MATERIALS AND METHODS

Investigating the chemical composition of the con-
stituents of chrysotile cement dust is an important aspect 
of understanding their environmental and human health 
impacts. The Quanta 200 3D scanning ion-electron mi-
croscope you mentioned is indeed a powerful tool for 

such studies. It allows not only to visualize micro-objects, 
but also to analyze their chemical composition with high 
precision thanks to energy dispersive analysis.

Energy-dispersive analysis (EDA) or X-ray micro-
analysis (XRMA) utilizes characteristic X-ray emission 
induced in the sample by an electron beam to determine 
the elemental composition. This technique enables iden-
tification and quantitative assessment of various elements 
present in the sample.

The focused ion beam system Magnum and the micro-
manipulator OmniProbe 100.7 enable the extraction and 
preparation of thin foils from specific regions of the sample, 
which is necessary for transmission electron microscopy. 
This facilitates obtaining more detailed information about 
the structure and composition of the material.

The localized tungsten deposition system “W deposi-
tion” and the integrated Pegasus 2000 system for micro-
analysis with the Sapphire X-ray detector enhance the 
capabilities of the microscope, enabling more complex 
studies, including the determination of grain misorienta-
tion using backscattered electron diffraction.

Two varieties of spectrometers are used to investigate 
spectral features within RSMa: one without the use of 
a crystal and one with a crystal analyzer. These devices 
provide high accuracy in determining the composition 
of elements in the samples, which is critical for studying 
the characteristics of chrysotile cement dust and assess-
ing its effects.

The chrysotile-cement dust used in the study was ob-
tained from the production line of the first slate plant 
of the “BelACI” company. Dust collection took place 
during the sawing process of chrysotile-cement products, 
after which it was dispersed using a centrifugal separator. 
The sample was stored in polyethylene containers with 
a self-sealing lid.

In the experiment to analyze the effect of acidity on 
the structure of initial commercial fibers of chrysotile ce-
ment dust, solutions with different pH levels: 3, 4, and 6 
were used. The procedure included placing 1 gram of dust 
in a test tube followed by the addition of 20 ml of HCl 
solution. The solutions were prepared by diluting 60 ml of 
distilled water with 10 ml of 0.1M HCl to achieve pH 3, 
5 ml for pH 4, and 2.5 ml for pH 6. The samples were kept 
in these environments for 2 hours, 24 hours, three days, 
and a week at 30°C. Afterwards, the samples were washed 
with water and analyzed using the scanning ion-electron 
microscope at magnifications of 200×, 500×, 5000×, and 
10000× to study their chemical composition.

RESULTS

Based on the obtained images taken with the electron 
microscope, a visual analysis was performed to determine 
the number of individual fibers and their clusters. The 
data are presented in Table 1.
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Table 1
Quantitative composition of initial commercial fibers and their aggregates in chrysotile cement dusts

No. of 
p.p.

Number of fibrous particles in asbestos–cement dust at visual counting in electron microscope, pcs.
Fiber aggregates Fibers

Aging time in 
acidic medium 

augmentation augmentation
200х 500х 5000х 10000х 200х 500х 5000х 10000х

Initial chrysotile cement dust (dispersed powder)
1 – 5 5 4 5 11 7 6 7

Initial chrysotile cement dust in acidic medium (PH = 3)
1 2 hours 2 2 2 7 8 7 5 5
2 1 day – – 1 3 5 8 8 8
3 3 days – 2 1 – 9 13 60 80
4 1 week – 1 – 2 5 15 90 100

Initial chrysotile cement dust in acidic medium (PH = 4)
1 2 hours 1 2 2 1 6 19 40 180
2 1 day – 1 1 – 4 16 80 150
3 3 days – 1 2 – 15 15 50 100
4 1 week – 1 1 – 8 10 90 100

Initial chrysotile cement dust in acidic medium (PH = 6)
1 2 hours – 1 1 – 7 9 30 150
2 1 day 2 1 1 1 15 13 50 60
3 3 days 1 – – – 12 16 50 70
4 1 week – – – 1 9 20 150 100

* – The fiber count was performed using 10 photographs for each sample

Table 2
Chemical composition of chrysotile cement dust and after its exposure in acidic medium

№ Medium 
acidity Exposure time

Oxide content,wt.%
MgO SiO2 SO3 K2O CaO Fe2O3 NiO

1 Initial asbestos-cement dust 
(powder) 22.71 33.3 2.34 0.59 38.1 2.96 –

2

PH = 3

2 hours 19.85 33.88 1.57 0.57 41.47 2.66 –
3 1 day –
4 3 days 13.79 29.77 2.12 0.55 49.65 4.12 –
5 1 week 21.30 35.00 1.93 0.63 38.11 3.03 –
6

PH = 4

2 hours 22.66 34.28 1.98 0.54 38.08 2.46 –
7 1 day 23.27 34.75 2.24 0.53 36.12 3.1 –
8 3 days 19.71 35.33 2.3 0.44 39.52 2.71 –
9 1 week 14.57 29.6 2.47 0.51 49.19 3.65 –

10

PH = 6

2 hours 20.30 31.07 2.80 0.64 41.83 3.36 –
11 1 day 8.96 25.35 2.54 – 55.45 7.03 0.66
12 3 days 26.47 36.05 1.5 – 33.81 2.17 –
13 1 week 11.12 30.16 2.75 – 51.99 3.99 –
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The study of the data presented in Table 1 showed that 
after exposure to an acidic environment, the number of 
fiber aggregates in the chrysotile-cement dust decreased 
by 20–40 units, while the number of individual thin fibers 
increased by 10–900 units. This change in the quantity of 
fibers and aggregates is due to the breakdown of the ce-
ment matrix surrounding the chrysotile fibers, leading to 
the disintegration of parallel-fiber aggregates of chrysotile 
in an acidic environment.

The chemical composition of the fibers, including 
both the original chrysotile-cement dust and the samples 
exposed to acid for 2 hours, 1 day, 3 days, and 1 week at 
pH levels 3, 4, and 6 and a temperature of 30°C, is detailed 
in Table 2.

DISCUSSION

The study of the chemical composition of chrysotile 
cement dust exposed to acid allows us to conclude that 
there is an increase in the level of calcium oxide (CaO) on 
the surface of microfibers. This phenomenon is due to the 
adsorption of CaO from the solution, which is leached out 
from the hydration products of Portland cement during 
the leaching process.

Electron microscope images and microdiffraction 
patterns of the fibrous component of the cement dust 
at different pH levels are shown in Figures 3–6, respec-
tively.

Fig. 3. Chrysotile micro- and nanofibers in samples of chrysotile cement dust after its soaking in acidic medium at 
PH = 4 for 2 hours
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Fig. 4. Microdiffraction pattern of chrysotile cement 
dust nanofibers aged in acidic medium at PH = 4 for 
2 hours

Fig. 5. Chrysotile micro- and nanofibers in samples of chrysotile cement dust after its soaking in acidic medium at 
PH = 4 for 1 week
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Fig. 6. Microdiffraction pattern of chrysotile cement dust 
nanofibers aged in acidic medium at PH = 4 for 1 week

Table 3
Chemical composition of chrysotile-cement dust after exposure to an acidic environment based on energy-dispersive 
microanalysis data

№ Acidity
medium Exposure time

Oxide content,wt.%

MgO SiO2 CaO Fe2O3

1
PH = 4

2 hours 19.82 33.75 3.18
2 1 week 5.67 46.06 4.79 0.39

Fig. 7. Microfibers and fiber bundles of commercial chrysotile in chrysotile cement dusts
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Fig. 8. Microfibers and fiber bundles of chrysotile cement dust

Fig. 7. The End
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Table 4
The number of different particles in samples from chrysotile-cement dust and commercial chrysotile based on images 
of specimens from aqueous suspensions

No. of 
p.p.

Type and number of particles

Total
Fibrous

GranularTogether fibers 
and bundles Separate fibers Separate bundles

pcs. pcs. % 
absolute pcs.

% relative 
to the sum 
of all par-

ticles

pcs.
% отн, от суммы

pcs. % 
absoluteall 

particles fibers

A/c

1 799 332 45,6 327 41,0 37 4,6 10,2 435 54,4
А product

2 867 482 55,6 424 48,9 58 6,7 12,0 385 44,4

Table 5
Distribution of length sizes of chrysotile fibers longer than 150 µm 

Units of 
measurement Number of fibers of different lengths

Mkm up to150 150–200 200–250 250–300 300–350 350–400
A/c

%,absolute 95.7 0.9 2.5 0.6 0.9 –
%,total 95.7 96.6 99.1 99.7 100.0 –

А product
%,absolute 95.4 1.2 1.7 0.6 0.3 0.2
%,total 95. 4 96.6 98.3 98.9 99.8 100.0

Table 6
Quantity and sizes of granular particles

Units of 
measurement Number of particles of different sizes

micrometer from 1×1 to 2×2 from 3×3 to 6×10 from 10×18 to 15×15 from 20×30 
to 100×120

A/c
%,absolute 81 13 – 6 
%,total 81 94 – 100

А product
%,absolute 84 15 1 –
%,total 84 99 100 –
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Table 7
Chemical composition of initial chrysotile and chrysotile exposed to hardened Portland cement

No. 
of p.p.

Chrysotile asbestos oxide content, absolute %

MgO Al2O3 SiO2 Fe2O3 CaO CuO SO3

A/c
1 39.54 0.43 43.04 1.41 15.01 – 0.57

А product
2 45.25 0.73 48.58 3.85 0.89  0.1 –

Microfibers of commercial chrysotile and their bun-
dles in chrysotile cement dust are presented in Fig. 7 
and 8.

CONCLUSIONS

The study of the chemical composition of nanofibers 
and fiber bundles of chrysotile-cement dust in an acidic 
environment represents a significant contribution to un-
derstanding the effects of acidity on chrysotile-cement 
materials. The use of the Quanta 200 3D scanning ion-
electron microscope and energy-dispersive analysis al-
lowed for precise determination of changes in the quan-
titative and chemical composition of nanofibers and their 
bundles after exposure to an acidic environment and the 
hydration products of Portland cement.

The results show that exposure to an acidic environ-
ment leads to a decrease in the number of fiber aggregates 
and an increase in the number of nanofibers. This change 

may be due to the destruction of the cement matrix cov-
ering the chrysotile fibers, leading to the dispersion of 
parallel-fiber aggregates of chrysotile. Chemical analysis 
revealed an increase in the calcium oxide content on the 
surface of nanofibers and their bundles, which may result 
from its sorption from the solution during leaching from 
the hydration products of Portland cement.

Thus: 
– it is shown, how fibers of initial commercial chrysotile 

extracted from dunite-harzburgite rocks of Bazhenov 
deposit and used at manufacture of chrysotile cement 
products behave. 

– electron microscopic estimation of quality of initial 
commercial chrysotile fibers and their bundles in ce-
ment component and after their processing in medium 
with different acidity was carried out.
The received results will allow to use natural and tech-

nogenic raw materials in manufacture of filled composite 
materials.
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