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Abstract

Purpose. Theoretical and experimental research on the structural and strength
peculiarities of the backfill mass formation during the ore deposits development by
activating the binding material of the backfill mixture using fine grinding at the stage
of its preparation.

Methods. An integrated methodological approach is used, consisting of laboratory
studies on determining the properties of backfill mixtures and the structural internal bonds of
the backfill mass using scanning electron microscopy. Some laws of the binding material
chemistry are used and systematized in the course of theoretical research.

Findings. Based on theoretical and experimental research, the interaction and the
hydration products of the backfill mixture binding components with water have been
studied. The use of a finely ground combined binding material made of slags and limestone
improves and strengthens the structural bonds of the backfill mass through a large gap in the
covalent bonds of silica and slags, the transition of ions of a weak ionic bond to the
formation of other compounds and equalizing the ratio of Si and Ca ions in solution.

Originality. It has been determined that with an increase in the specific surface area of
the binding material particles, the shape of structural new formations of the backfill mass
improves, has high strength, and the basicity of its new formations increases.

Practical implications. Using the results, it is possible to rationally choose the
binding material dispersion, obtain high strength of the backfill mass and increase
the stability of its outcropping.

Keywords: structural bonds, backfill mass, strength, binding material, fine

grinding.
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1. Introduction

Iron-ore industry occupies an important place in the development
of Ukrainian economy, providing substantial foreign exchange
earnings to the state budget. Thus, according to the State Fiscal
Service of Ukraine, the export of iron-ore raw materials and
concentrate in 2019 amounted to $ 3.18 million [1, 2]. About 130
million tons of iron ore are mined in Ukraine annually, of which 90%
is mined by open-cut mining, and 10% - by underground
mining [3, 4].

Intensive iron ore mining leads to considerable changes in the
environment: significant cavities are formed in the rock mass,
leading to the daylight surface deformations; the natural regime of
ground and surface waters is disturbed; storage of waste from the
mining industry and iron-ore beneficiation occupies valuable
agricultural land and is a source of their pollution. About 15 million
tons of iron ore are mined by underground system of mining in
9 mines, and only 1 mine uses a highly advanced, environmentally
friendly technology for the extraction of iron ore with hardening
backfilling [5-9].

To prevent the consequences of engineering activity for the
extraction of iron ores, the implementation of work should be
provided on filling the cavities with backfill mixtures consisting of
various rocks, industrial processing waste, which eventually is
changed into a solid state under the influence of various factors. This
is performed in the case when it is necessary to completely extract
iron ores due to their high value (content of Fe>60%), and the earth's
surface must be prevented from deformation.

Creating a sufficiently strong artificial mass, as close as possible
to the natural strength properties of the rocks surrounding the cavity,
is possible using the internal chemical transformation of the backfill
mixture minerals [10]. It is important to form structural bonds in the
volume of an artificially created mass to resist outcropping as a result
of mining operations under the influence of impulse loads in the
form of blasting operations or a stationary load from the gravitational
forces of the surrounding natural rock mass. Under the influence of
the forces of rock pressure and seismic loads from blasting
operations, both compression and tensile stresses arise on the contour
of the mined-out chamber, depending on its configuration. In this
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regard, the internal structural bonds of the backfill mass must be
resistant to the indicated types of stresses, especially tensile stresses,
since, as for the backfilling mass, they amount to 0.05-
0.1 Geompr [11, 12].

Therefore, the issues of creating a strong backfill mass with
internal bonds that are resistant to loads are relevant for mining
enterprises that perform backfilling the underground cavities with
hardening mixtures. One of the methods of significant chemical
transformation and activation of hydration processes in the backfill
mixture is fine grinding of the binding material, which, despite its
increased energy consumption, can be cost-effective [13-15].
Moreover, some components of the backfill mixture, except for the
main binding material, may have potential binding properties,
improving the structure and strength of the artificial mass.

The actual influences of finely ground particles of a binding
material on the properties of backfill mass are studied in this work.

2. Purpose and objectives of research

The purpose of this work is to study and identify the structural
and strength peculiarities of the backfill mass formation when the
binding material of the backfill mixture is activated by fine grinding.

To achieve the purpose set, the following research objectives
are solved:

— preparing the test backfill mixtures with traditional and
increased dispersion of the binding material;

— studying the transformation of the internal chemical bonds
structure influenced by the dispersion of binding material.

3. Materials and methods of research

An integrated research method, consisting of two blocks, is used
in the work: a set of laboratory studies to determine the properties of
backfill mixtures, as well as physical-chemical studies of structural
bonds. Some laws of the binding material chemistry are used and
systematized in the course of theoretical research. This paper studies
the composition of the hardening backfill mixture, which is used in
the development of the Pivdenno-Bilozerske field and recommended
by the Scientific-Research Mining Institute (Kryvyi Rih).

To prepare the backfill mixture, ground granulated blast-furnace
slag (17%) is used as a binding material, crushed dump rocks (22%),
flux limestone waste (44%) and water (17%) serve as an inert
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filler [16]. Before mixing the components, granulated blast-furnace
slags are ground in Ball Mills to at least 55-60% of particles with a
coarseness of -0.074 mm, which is equivalent to a specific surface
area of 2000 cm?/g. This component composition has not been
studied at different values of the specific surface area of the binding
material. We have revealed [17] that it is expedient to jointly grind
slag and flux limestone, when preparing the binding material of the
backfill mixture. Moreover, the rational amount of limestone is up to
50%. Therefore, a combined binding material is considered in further
research. The research objective is to study the changes in structure
and strength with a 2-fold increase in the specific surface area of
particles. Therefore, the backfill mass at 2000 and 4000 cm?/g is
compared.

To achieve the value of specific surface area of blast-furnace slag
and flux limestone particles 4000 cm?/g, a laboratory gas-jet unit
USI-20 is used (Fig. 1). The specific surface area of particles is
determined with the help of the Tovarov device. The fraction of
particles fed into the gas-jet mill should be no more than 2.5 mm,
therefore, using a laboratory sieve, the material is sifted through sieves

of -2.5 mm.
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Fig. 1. Laboratory research on grinding the binding material:
(a) general view of the gas-jet unit USI-20; (b) dependence of the specific
surface area on the frequency of the jet mill rotation
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According to the empirical dependence [18], shown in Figure 1b,
the required rotation frequency of the jet mill classifier is determined
to obtain the required specific surface area. To conduct experimental
research, the design basis conditions of grinding the slag and flux are
given in Table 1.

Table 1
Design basis conditions of grinding the slag
and limestone in a laboratory gas-jet mill
Set of tests Material P, MPa n, min’! Sipec, cM?/g
1 slag 0.3 1200
2 limestone 0.3 1200 4000

Before conducting research, it is necessary to prepare the initial
(traditional) backfill mixture with the specific surface area of the
binding material particles, which is used in the backfilling
technology. For this purpose, granulated blast-furnace slag is ground
in a laboratory Ball Mill to a fineness of 55% of particles with a
coarseness of 0.074 mm, which corresponds to the fineness of
grinding in production mills of the backfilling complex and is also
equivalent to a specific surface area of 2000 cm?/g.

Backfill mixtures are prepared: No.l (at Sge=2000 cm?/g), Ne 2
(at Sypec=4300 cm?/g), and 12 samples of the hardening backfill
mixture are poured in for strength testing at the hardening age of 30
and 90 days, 3 samples for each period of hardening. In the test
compositions of the hardening backfill mixture, 50% of the blast-
furnace slag is replaced with ground flux waste of similar dispersion.

The test backfill mixtures are prepared beginning with the
calculation of the components consumption for a 9-liter container,
sufficient for filling 6 cubes-samples of the backfill material per one
composition. Using one mixed composition, the backfill mixture
samples are made for strength testing at the age of 30, 90 and 180
days (selectively). First, crushed rock is added to the container, then
— waste of flux with blast-furnace slag, and all is mixed in dry form.
Then the dry mixture is tempered with water and mixed for
10 minutes. After mixing, the backfill mixtures are examined for
adhesion, mobility, ultimate shearing stress.

The mixture mobility is determined using a StroyTSNIL cone
device. The depth of the cone immersion in the backfill mixture is
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measured. The amount of water is added to the container with dry
components according to the water flow rate (350-400 1/m?), so that
the mobility is in the range 10-12 cm. The shearing stress value is
determined by the Sternbek device. The effort of the moment is
recorded when the pipeline section begins to displace relative to the
mixture. The shearing stress value of the mixture should be no more
than 1.96 MPa. The velocity of setting the mixture is determined
using the Vicat apparatus. The depth of the needle immersion in the
backfill mixture is measured (cm). Setting of the backfill mixture
should happen no earlier than after 4 hours.

After determining the technological parameters, each composition
of the backfill mixture is poured into metal moulds with size of
10x10x10 cm. The cassettes with the moulds are lubricated with
technical oil in order to prevent the backfill mixture adhesion to the
metal mould surface. In a day, the surfaces of the backfill mixture
samples of each composition are numbered. The hardening backfill
mixture is settled in the moulds for 3-4 days until complete loss of
setting and complete drainage of water from the sample. Then, the
moulds are dismantled, and backfill mixture samples are placed in
special storage racks. The samples are placed in wet wood dust with
a moisture content of about 90% and a temperature of 22-26 °C to
simulate underground conditions.

The uniaxial compression strength of the hardening backfill
mixture is determined by crushing the samples in a hydraulic press at
ambient temperature. The backfill mixture samples should be loaded
in the press with a rate of 0.3-0.5 MPa. A press of the PSU-100
series with a strength scale of up to 10 MPa is used. And in the case,
when the strength of the backfill mixture exceeds the specified value,
a press of PSU-120 series of up to 50 MPa should be used. The
following data are recorded: sample number; cross-sectional area S
(cm), measured by vernier calliper; breaking force value F(H), which
is fixed on the press scale. The sample strength is determined by
dividing the breaking force value by the sample area.

The microstructure, as well as the phase and quantitative
composition of the components of hardening backfill mixture and
artificial stone are studied using scanning electron microscopy [19].
Using an electron microscope-microanalyzer REMMA-102-02, it
becomes possible to obtain high-quality photographs of the shape of
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the studied samples structure at a magnification of 50 pm (Fig. 2a).
The built-in X-ray spectral microanalyzer makes it possible to
measure the chemical composition of the hardening backfill mixture
structural formations. The studied fracture surface of the hardening
backfill sample is shown in Figure 2b.

Fig. 2. Research into backfill mass microstructure: (a) general view
of the microscope-microanalyzer REMMA-102-02;
(b) fracture surface of the backfill mass sample

The shapes and sizes of the sample particles are studied, as well
as the intergranular bonds formed during the backfill material
hardening. Using the X-ray spectral microanalyzer, from 1 to 5
measurements of the quantitative composition of basic oxides CaO,
Si0,, MgO, ALO;, are performed in each sample. The procedure of
measuring the chemical composition consists in examining the entire
field of particles in the image to detect particle of a substance with
different chemical composition or oxide content.

As a result of measurements, the oxide spectra are obtained, then
the microscope software calculates these spectra and displays the
percentage of oxides on the computer. The method is based on the
determination of the electronic image contrasts by electron
diffraction.

4. Main part
4.1. Theoretical foundations of the strong hardening backfill
mass formation based on the fine-dispersed particles

For a reasonable choice of the hardening high-strength backfill
composition when mining the reserves of iron ores, it is necessary to
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study the processes of chemical bonds structure formation under the
influence of fine-dispersed fractions of a binding material. Therefore,
the backfill material chemical composition is of significant
importance, which either creates stable, strong bonds in the artificial
mass or weakens them.

Crystallized blast-furnace slags, containing up to 4-6% MgO and
up to 5-10% Al>Os, usually possess dicalcium silicate, rankinite and
melilite with a predominant content of the helenite component. Slags
are generally composed of 90% glass. In the crystalline form, the
slags are not reactive, however, in the non-crystalline form, the
ability to hydration is observed [20]. Blast-furnace granulated slag of
the PJSC “ZaporizhzhiaStal”, is in a glassy state caused by rapid
cooling. It contains melilite and pseudowollastonite [21].

The main phase of the flux limestone chemical composition with
a high content of CaO and low MgO is calcite, there are impurities of
dolomite and wollastonite. The host rocks of the Pivdenno-
Bilozerske ore field are mainly represented by quartz-chlorite-
sericite shales, which are delivered to dumps. Their chemical
composition contains a whole group of minerals of the mica class. At
a content of 25-30% iron, hematite is present in the composition of
the rocks. Hydration of backfill material minerals complies with the
general laws of mineral substances hardening, the strength of which
depends on the formed chemical compounds, their composition and
form.

Let us study the products of hydration in the backfill mass with
the fineness of binding material grinding of 55% of particles with a
coarseness of -0.074 mm. Slag minerals begin to exert binding pro-
perties during hydration. Calcarenite can also exert binding
properties. When producing cement, CaCOs is sometimes added as a
microfiller to improve the physical and technical properties. On the
other hand, limestone with a coarseness of up to 5 mm is fed to the
backfill mixture, therefore, the share of fine particles is minimal,
which cannot have a significant influence on strength.

Minerals of granulated Dblast-furnace slags, akermanite
(2Ca0-Mg0-2Si03), helenite (2Ca0O-Al,O3), which are part of
melilite, as well as pseudowollastonite (a - CaO-SiO,), are in a
glassy state. In the natural state they practically do not exert binding
properties [22]. Over time, a gel-like mass of calcium hydrosilicates
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is formed on the surface of the mineral grains. When grinding the
blast-furnace slag, the hydraulic activity of minerals increases. As it
is noted in the work [23], with a specific surface area of 4000-
6000 cm?/g, slag minerals intensively exert hydraulic activity.

Under mechanical action on the blast-furnace slag particles, the
freshly formed surface of the particle has a high reactivity caused by
the surface energy accumulation. New freshly formed surfaces have
significantly higher surface energy values, which leads to their
increased adhesive activity. The special energetic state of the new
surfaces of ground mineral materials - quartz, limestone, magnesite,
gypsum, etc. — can be explained by the formation of a large number
of non-saturated valence bonds. Thus, when quartz crystals are
ground, as a result of breaking a significant amount of Si-O bonds,
ions of Si**, O% are formed on the surface of grains [24]. Water in
the backfill mixture, when coming into contact with fractures and
cavities of the surface of fine-dispersed slag particles, promotes the
cations transfer from the surface to the state of solution due to the
breaking of silicon-oxygen bonds [25].

The main oxides of the blast-furnace slag are CaO and SiO,, the
content of which is 85% or more. In this case, in the structure of slag
minerals, the predominantly ionic Ca-O and covalent Si-O bonds are
destroyed. The energy of these types of bonds is 1075.6 and
1861 klJ/mol, respectively [22], which indicates a greater exposure of
ionic Ca-O bonds to destruction. It can be concluded that more
calcium Ca?* ions are formed on the surface of ground slag particles
than Si*" ions. In addition, the substance solubility increases with
increa-sing dispersion. The remaining silica content is in the
amorphous state. It follows from this that it is necessary to transform
the contained silica from an amorphous state into an active one in
order to increase its content in strong crystalline formations of the
backfill mass.

In the process of hydration, a hydrosilicate gel will be formed
with a predominance of a weak ionic Ca-O bond in its structure. This
explains the relatively low backfill mass strength of 5-6 MPa with a
high consumption of blast-furnace slag 400-450 kg/m*® and flux
waste 1000-1100 kg/m? in the mixture composition.

As a result of melilite-like minerals hydration, a large number of
gels and colloidal solutions are formed, and crystalline substances
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are almost completely suppressed. With coarse grinding of slag
minerals, the basicity index will be CaO/SiO,>1.5. Therefore, an
insufficient amount of activated silica is involved in the process of
artificial mass structure formation. It can be concluded that the
specific surface area of particles influences not only on an increase in
the contacts number and the density of interaction between particles,
but from the point of view of chemical concepts — also on the final
basicity index of CaO/SiO,, which determines the strength of
crystalline formations. Under normal conditions, the hydraulically
active phases of the slag slowly harden and are characterized by low
strength [26].

Differences in the composition and morphology of hydrosilicate
gels can be explained by unequal hydration conditions and unreacted
calcium silicates, as well as by varying degrees of particle
defectiveness during grinding. Consequently, with a grinding
fineness of 55% of particles with a coarseness of -0.074 mm, the
growth of crystal bonds will be rather slow. Due to the lower slag
minerals activity, in comparison with minerals of Portland cement
clinker, as well as the heterogeneity of particles after ball grinding
when interacting with water, hydration will occur unevenly without
oversaturation with ions. As a result, highly basic calcium
hydrosilicates with a variable composition in a gel-like form are
formed, which can be referred to the group C-S-H (II)
(Fig. 3) [27, 28].

Gel-like form of
hydration products

Inert filler

Fig. 3. Artificial stone structure containing highly basic calcium hydrosilicates
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If, during the clinker minerals hydration, the hydrosilicate gel
remains for several days, then during the slag minerals hydration,
this process is longer. The hydration products of slag minerals are
similar to cement clinker, but differ in a lower content of CaO and
H>O [25]. Gel (C-S-H) is similar in composition to tobermorite,
therefore it is often called tobermorite-like.

Noticeable differences in morphology, as well as in X-ray
diffraction patterns, make it possible to determine the difference
between C-S-H (I) and C-S-H (II): C-S-H (I) with a ratio of
Ca0/8Si0,<1.5 is a laminate calcium hydrosilicate, and C-S-H (II)
with a ratio of CaO/SiO»>1.5 - is mainly fibrous calcium
hydrosilicate [29, 30]. With a high ratio of CaO/SiO,>2-3, calcium
hydrosilicates have a round particle shape and are formed in the form
of a gel. Low-basic calcium hydrosilicates are presented in the form
of (0.8-1.5)-Ca0O-Si0,:(0.5-2.5)H,O, highly basic - (1.5-
2)-Ca0-Si0,-(1-4)H,0 [31].

The mineral substances represented in the slag are hydration pro-
ducts, but their low activity, in comparison with cements, when
interacting with water, forms highly basic hydrosilicate structures.
Gel (C-S-H), in addition to aluminium, iron and sulphur, may
contain small amounts of magnesium, sodium, potassium, as well as
remains of titanium and chlorine [30]. Therefore, as a result of slag
hydration, the calcium hydrosilicates contain oxides of Al,O3;, MgO,
and FeO.

With an increase in the fineness of grinding to 100% of particles
-0.074 mm, all active slag minerals take part in hydration. If the
share of particles with a coarseness of -0.074 mm is 100% and flux
limestone waste is added to the backfill mixture as a microfiller, then
the amount of Si* ions will increase, and some of the ions of the
weak Ca®" bond will pass to the formation of tetracalcium
monocarbonate hydroaluminate 3CaO-Al,O3-CaCO;-11H,O. This
will lead to equa-lizing the content of Ca?>*=Si*" ions in the backfill
mixture and the formation during hardening of calcium
hydrosilicates of fibrous and laminate types with low basicity (0.8-
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1.5) CaO-(ALOs, MgO, FeO)-Si0,:(0.5-2.5)H>0. Their structure is
shown in Figure 4 [27].

= Inert filler

Acicular shape of
e hydration products

Fig. 4. Artificial stone structure containing low-basic calcium hydrosilicates

It follows from the above that for greater destruction of the Si-O
bonds number, it is necessary to increase the degree of particle
dispersion, which will also increase the calcium silicate particles
solubility. This is facilitated by the occurrence of microfractures and
defects in particles during grinding. As a result, water is in contact
with all surfaces. Consequently, a strong structure of calcium
hydrosilicates is formed, which are more crystallized. A finer grinding
of slag minerals will release more silicon ions, which will lead to the
formation of strong covalent bonds in the hydrosilicate gel. According
to some data, contribution of covalent bonds to the cement stone
strength is about 65% [32].

As a result, conditions are created for the growth of various forms
and structures of calcium hydrosilicates, which leads to an increase
in strength. The finely ground share of the limestone, which contains
CaCO:;3, exerts the ability to hydration. In this case, ground calcite
will interact with water and the helenite share of melilite, which will
lead to the formation of calcium hydrocarboaluminate, which helps
to strengthen the artificial stone. As a result of balanced state in Ca-
O and Si-O bonds due to an increase in the breaking of Si-O bonds
under the action of fine grinding, calcium hydrosilicates of lower
basicity CaO/ Si02<1.5 are formed.

The appearance of formed crystalline structures in the backfill
stone has a positive effect on the strength of the artificial mass.
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Therefore, in order to increase the strength of the chamber backfill
mass, it is necessary to create strong crystalline bonds in its structure
by the time of mining the reserves of the second stage stope
chambers. In the works [33, 34], it is indicated that the formation of
low-basic calcium hydrosilicates increases the strength of the cement
stone, but when highly basic hydrosilicates appear, its strength
decreases.

4.2. Experimental research on the strong hardening backfill
mass formation based on the fine-dispersed particles

As a result of grinding the granulated blast-furnace slag and flux
limestone using the USI-20 unit, the actual value of the specific
surface area of the particles is 4300 cm?/g, with an assumed design
value of 4000 cm?*/g, the deviation is 7%. The rheological properties
of the backfill mixtures Nel and Ne.2 have been studied. The average
indicators of shearing stress are 0.85 and 0.74 MPa, mobility - 11.7
and 11.4 cm, setting time - 14.5 and 13 hours. These parameters
satisfy the requirements for the backfill mixture transportation.

Three samples of each test mixture Ne 1 and Ne 2 are studied for
strength at the age of 30 and 90 days of hardening. Photos of the
procedure for determining the strength of backfill mass for uniaxial

compression of the backfill mass samples are shown in Figure 5.
— ." r '.‘

Al

Fig. 5. Strength test of hardening backfill mass samples

Analysis of the histograms in Figure 6 shows a positive tendency to
an increase in the backfill mass strength with a change in the specific
surface area of the particles at the age of 30 and 90 days. At the age of
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30 days, the backfill mass strength increases by 2.5 times, and 90 days -
1.7 times. An intensive increase in strength after 30 days is noteworthy,
since the rock mass strength actually reaches the standard strength with an
indicator of 7-8MPa for a mining depth of 640-940 m.

m Sspec = 2000 cm2/g = Sspec = 4300 cm2/g

9
8
4
' 6
S
4
3
2
1
0

30 days 90 days
Time of hardening, days

Uniaxial compression strength
of the backfill mass, MPa

Fig. 6. Results of determining the uniaxial
compression strength of the backfill mass

To confirm the theoretical assumptions of the blast-furnace slag and
flux waste dispersion influence on the structure, shape and chemical
composition of crystalline new formations of the backfill stone, the
destroyed samples of the backfill mass with different specific surface
areas of particles have been studied using scanning electron microscopy
with a built-in X-ray spectral microanalyzer (Fig. 7).

b

Fig. 7. Structural bonds development in the backfill mass with a change
in the specific surface area: (a) at 2000 cm?/g; (b) at 4300 cm*/g
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In the sample (Fig. 7a), two large filler particles are clearly
observed, interconnected by weakly crystallized new formations of
calcium hydrosilicate, which is in a gel-like state. Crystalline new
formations have dense, round-indefinite shapes of particle with
protruding disordered rare single needles and plates. Having such a
structure, the mass cannot withstand tensile stresses arising on the
backfill mass contour, which in practice occurs in conditions of the
ore reserves development at the Pivdenno-Bilozerske field.

An increase in the specific surface area of particles of a binding
material to 4300 cm?/g has significantly influenced on the structure
formation of new formation (Fig. 7). Calcium hydrosilicates have
an acicular-fibrous and acute-angled shape, the particles are densely
distributed in relation to each other, the porosity has decreased, the
inert filler grains are completely covered with hydrate formations.
Artificial stone is reinforced with crystalline new formations, hence
adhesion forces and resistance of internal bonds to loads increase.
The structure of the new formations acquires an acute-angled shape,
replacing the round shape characteristic of the samples of the first
and second series. The strength properties of the backfill mixture
sample significantly increase, which is shown in Figure 6. In
comparison with the No.1 mixture samples, this one clearly
demonstrates the dominant influence of the bonds form and their
chemical composition. Forms of bonds in Figure 7 closely correlate
with the forms in Figures 3 and 4. The results of determining the
structural bonds chemical composition of the mixture samples No. 1

and No. 2 are presented in Table 2.
Table 2

Results of chemical composition measurements
of the hardening backfill mass structural bonds

Sample Sipec, Odee(, Average Form of new
of backfill mass | cm?/g content, A’ Value' formations
CaO Si02 Ca0/ SiO2
55.12 | 25.14
. 5248 | 26.60 Round,
Mixture No. 112000 45 68 T 26.63 263 indefinite
71.53 15.76
45.50 | 22.06 Pyramidal,
Mixture No. 2 4300 | 31.16 | 34.18 1.48 acute-angled,
38.10 | 29.70 acicular-fibrous
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The data in Table 2 show that with an increase in the specific
surface area of the binding material particles, the basicity of the
formed hydrosilicate bonds decreases, and the shape of the structural
formations  changes significantly. If with the basicity
Ca0/8Si0,=2.63, the highly basic calcium hydrosilicates with a
round, pyramidal, thick- acicular structure are formed, then with
Ca0/8Si0,=1.48 — the low-basic calcium hydrosilicates with a
pronounced acicular-fibrous structure. This also explains the
significant difference in the intensity of strength growth both at 30
and 90 days of the mixture hardening.

According to the measurements of CaO and SiO; in the Ne 1 and
No. 2 test backfill mixtures with various degrees of specific surface
area of the binding material particles, using the positions of deriving
the true formulas, the newly formed calcium hydrosilicates can be
described by the following formulas

2.63 Ca0O-SiO, H,O at Sspec=2000 cm?/g;
1.44 Ca0-SiO,-1.76H,0 at Sspec=4300 cm?/g.

Thus, the basic principles of the structure formation of the
backfill mass in relation to the strength characteristics with an
increase in the dispersion of the binding material particles have been
studied in the work. This makes it possible to control these
parameters depending on the value of the stress field acting on the
backfill mass when extracting the iron ore from the subsoil.

5. Conclusions

The issues of creating a strong backfill mass with internal bonds
resistant to loads are important for mining enterprises that backfill
underground cavities with hardening mixtures. The interaction and
products of hydration of the backfill mixture components with water
have been studied. It has been determined that with an increase in the
specific surface area of the binding material particles, the new
formations shape of the backfill mass improves, it has high strength,
and the basicity of its new formations is capable of changing. This is
caused by a large gap in the covalent bonds of silica with a more
intense grinding of the binding material, as well as the transition of
ions of a weak ionic bond to the formation of other compounds and
equalizing the ratio of Si and Ca ions in solution.
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There is a positive tendency towards an increase in the backfill
mass strength with a change in the specific surface area of particles
from 2000 to 4300 cm?/g at the age of 30 and 90 days. At the age
of 30 days, the backfill mass strength increases by 2.5 times, and
90 days - 1.7 times. It has been determined that with an increase in
the specific surface area of the binding material particles, the basicity
of the formed hydrosilicate bonds decreases, and the structural
formations shape changes significantly towards their strengthening —
from gel-like to acicular-fibrous.

The research data on the composition and shape of structural bonds
at a certain strength of the hardening backfill mass will make it
possible to rationally choose the dispersion, obtain high strength of the
backfill mass and increase the stability of the artificial mass
outcropping.
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