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Abstract. The paper presents a brief literature review on the impact of the
dilution of mined coal from complex structural deposits on losses during
selective and gross excavation of layers. The increase in dilution leads to a
reduction in coal losses during mining. The effect of dilution on the loss of
coal with beneficiation was established. A method is proposed for
calculating sieve and fractional composition of coal depending on the ash
content of the diluted coal using the example of sample No. 9 of the
reservoir developed at Mine cut Raspadsky CJSC. The effect of ash
content of diluted coal, enriched according to the technology of the
Raspadskaya Processing Plant, is shown on the technological indicators of
the enrichment products in the practical balance. It has been established by
computational experiments that when the ash content of ordinary coal
changes from 17.8% to 25.2% and the condition that the concentrate
should have an ash content in the practical balance of not more than 6.8%,
its output decreases from 84.4% to 73.3%, i.e. 11.1% of concentrate is
irretrievably lost with rock shipped to the dump; the ash content of the rock
decreases, which can lead to its ignition at the dump. An increase in rock
yield, in turn, will lead to additional transport costs and even greater
environmental damage.

1 Introduction

Dilution - loss of mineral quality during the mining process. It is expressed in a decrease in
the content of the useful component or the useful component in the extracted mineral in
comparison with their content in the mineral array (balance reserves). When assessing the
quality of combustible minerals (coal, shale), the indicator is used - the ash content of coal
(inorganic mass content, expressed as a percentage of the initial mass of the product).
Dilution is the main feature characterizing the quality of the minerals mined; closely related
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to the loss of minerals. Usually, the greater the dilution, the smaller the loss during
production [1].

The publication [2] shows the options for the dilution of coal mined: in the case of gross
excavation, due to intra-layer rock layers; with selective - due to mining of coal plots by
contact with the roof and soil. Previously, the authors of the publication [3] also indicated
that when developing complex structural deposits, it is almost impossible to exclude losses
and dilution of the mineral. This study shows the effect of the dilution of mined coal on the
technological performance of products obtained at the processing plants (for example,
Raspadskaya Processing Plant).

2 Materials and Methods

2.1 Initial data

The initial data for the calculation of technological processes and enrichment schemes
are the sieve and fractional compositions of the sample number 9 of the layer of JSC Mine
cut Raspadsky (Figure 1).

Fractional composition

Sc‘lz‘:s"gﬁf Rifory) CRTEREition 13-14 L4-15 15-16 16-18 >18 T, %
i % | A% | 7.% | A% | 1.% | A%% | 7.% | A% | 1.% | A%% | 1.% | A%

13-150 3320 | 3609 | 17.86 | 5.0 | 149 | 18.80 | 0.73 | 3120 | 139 | 4620 | 11,72 | 83.70 | 9.89

13-13 | 4650 | 897 | 4273 | 3.80 | 047 | 22.00 | 037 | 3330 | 028 | 4590 | 2.65 | 82.80 | 148

0.13-13 16,70 5,80
0-0.13 3,60 19,90
Total: 100,00 17.84

Fig 1. Sieve and fractional formulations of sample No. 9 of the reservoir being developed at Mine
cut Raspadsky CJSC.

The last column of table 1 shows the values of enrichment, T for machine classes,
calculated according to the method GOST 10100-84. Obviously, the enrichment class more
than 13 mm "difficult", and 1-13 mm - "easy".

The density of rocks of the Kuznetsk suite according to [3] is presented in table 1.

Table 1. The density of the rocks of the Kuznetsk suite

Species: Density, g/cm®
shale 2.58+2.62
mudstones 2.62+2.65
sandstones 2.65+2.75

Natural burnt rocks 2.2+2.6

In the development of reservoir deposits by selective or gross methods, the amount of
crushed rock falling into the coal seam varies from 0 to 90 %. The resulting mixture is
recycled to factories or concentrators.

In this work, the technological enrichment scheme of the Raspadskaya Processing Plant
is adopted (Figure 1).
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Fig.2. Technological scheme of enrichment of ordinary coal at the Raspadskaya Processing Plant.

The calculation
vehicles is perform

of the yields and ash content of enrichment products in gravitational
ed according to known formulas, published in [4, 5, 6, 7]:
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Sy, Al F(x)
A= @
Ei e F(x;)

where 7 is the number of fractions; F(x;) — is the value of the Gauss probability integral (the
calculation of the integral values for Excel and TurboPascal is described in detail in [6, 7]);
7, A% — yield and ash fraction; x; — is the deviation of the average density of the o,
fractions from the planned separation density p,:

X =2(p,—pyp)/E, -0.675, 3)
the plus sign in the formula (3) is taken in determining the extraction of fractions in
concentrate and the minus sign in waste.

2.2 Mathematical models

Dilution of the coal produced occurs due to the ingress of rock into it, the density of
which varies within 2.2+2.75 g/cm3 (Table 2). Consequently, it can be assumed with
sufficient confidence that during gravitational enrichment processes of ordinary coal, the
rock will turn into a fraction with a density of more than 1.8 g/cm’.

Depending on the amount of this rock, the sieve and fractional compositions of raw coal
change, affecting the processing technology, as well as quantitative and qualitative
indicators of the coal products produced. The mathematical model for calculating sieve and
fractional compositions of diluted coal is represented by formulas (4) - (7):

Reservoir share in charge

Yplast = 100 — Yoor, % 5 (4)
7o — amount of collapsed rock, %
Output of rock falling into 7 - machine class

Vipor =Dj - 3or/100, % ; 5)
D; — is part of the collapsed rock of its total number ., falling from into i — machine
class.
Output and ash content of the class, taking into account the breed that fell into it
% = YiSit - Yoias: /100 + Vipor, % ; (6)
A% = (St - Ypiase - A% sit + V; por - A% por)/ v, %, 7

% sit, A% sit —yield and ash content i of machine class by sieve composition,
A por=92+96 % —ash content of the collapsed rock.

According to the publications [4, 5, 6], as well as the current regulatory document
VNTP 3-92 in the Russian Federation, the clogging of coal enrichment products is accepted
in heavy-medium separators for a particle size of 13—150 mm

E,=0.015p, + 0.02, g/cm?®; (8)
in two-product heavy hydrocyclones
E,=0.03-p,—0.015, g/lcm’. 9)

The calculation of the scheme (Figure 1) was performed using methods that allow to
determine the separation density at which the highest yield of the total concentrate of the
required ash content is achieved. Techniques are published in [8, 9, 10].

Assumptions adopted in the calculation of indicators of enrichment end products:

« the ash content of the total concentrate should be constant and equal to 6.8 % at its highest
yield;

* Dilution leads to an increase in the ash content of the reservoir (row “Total” of Table 1)
from 17.8 to 25.2 % (Table 3) with intermediate values: 19.1, 20.5, 22.7, 23.9 % (Figure 4).
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3 Results and Discussion

Using a specially developed program in TurboPascal to calculate the Raspadskaya
Processing Plant presented in Figure 1, the results of the practical balance of the enrichment
products for five dilution options for sample No. 9 of the reservoir developed at Razrez
Raspadsky CJSC are obtained.

The program calculates separation densities in a heavy-medium separator (operation V
on the diagram) and a heavy-medium hydrocyclone (operation VI) to achieve the maximum
yield of the total concentrate.

The total concentrate consists of dehydrated concentrates of a heavy-medium separator
with a particle size of 25-150 mm (operation X, product 19) and a particle size of 13-25
mm (operation XIV, product 39); screw separator concentrate after dewatering (operation
XXII, product 53) and press filter cake (operation XXIV, product 57).

The practical balance is calculated for the ash content of the total concentrate equal to
6.8% in all options for dilution of sample No. 9.

Figure 3 shows the final fragment of the program, showing the practical balance for
sample No. 9 with an ash content of 17.8 %. The initial data for the calculation is taken
from Table 1.

T—
C:\Users\VLADIM~1! op\1D98~1\RASP_6.EXE

MpakTUyecKUW 6aAaHC NPOAYKTOB OGO AWEHHSA
fl naa naotHocTew pasnenenus 8 CKBMN 1.79. 8 TIU 1.79 r/cu3

KoHueHTpar 25-150 mm
KoHueHTpar 13-25 mnm
KoHueHTpar 1.3-13 mnm
KoHueHTtpar 0.125-1.3 mm =
KeK NMpecc—9uabTpo

nopopa 13-150 mm
nopopa 1.3-13 mnm
nopopa 0.125-1.3 mnm

flaa Bmxona Haxmu <Enter>

Fig. 3. A fragment of the program with a practical balance of enrichment products, calculated for a
sample of ash content of 17.8%

Using the formulas (4) - (7), the sieve and fractional compositions of sample No. 9
diluted from ash content of 17.8 % (table 1) to 25.2 % (table 3) were calculated on a
computer.

Fractional composition

Size of the | Sitovyj composition

oy 13-14 14-15 1.5-1.6 1.6-1.8 >1.8 T, %
? Y, % AY, % Y. % | A% | 7. % | A% | 7.% | AS% | 7. % | A% | v.% | A4%
13-150 33,90 42,61 16,17 S 1,36 18,80 | 0,68 31,20 1,25 | 46,20 14,44 86,40 9193

s = 115 45,90 16,13 38,65 3.80 041 | 22,00 | 032 | 3330 | 025 | 45,90 6,27 89,70 | 145
013153 16,50 13,50
0-0.13 3.70 29.40
Total: 100,00 25,16

Fig. 4. Sieve and fractional compositions of sample No. 9 of the reservoir being developed at Mining
cut Raspadsky CJSC; dilution to 25.2 %

Tables 1 and Figure 4 draws attention to the enrichment index T, the value of which
practically does not change as a result of dilution.
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For the sieve and fractional compositions (Table 3), a practical balance of enrichment
products was also calculated (Figure 5).

C:\Users\VLADIM~ 1\Desktop\1D98~ 1\RASP_6.EXE
MpakTUYECKUH 6anaHC NPOAYKTOB 06O0r AUEHUNA ‘
naa naotHocvtew pasneneduws 8 CKBMN 1.51, s TI'U 1.48 r/cm3

KoHuenrpar 25-150 mm
Konuentpar 13-25 mnm
KoHuenrpar 1.3-13 mnm :
KonuentTpar 0.125-1.3 mnm =
KeK Npecc—ouAbTPOB -

o g T )
Do

.
@

Hroro KOHUEeHTpara

nopopa 13-150 mnm

| nopona 1.3-13 mm
nopopa 0.125-1.3 mm
KeK npecc—ouWAbTpoOB

flaa suxona naxmu <Enter>

Fig. 5. Fragment of the program with a practical balance of enrichment products calculated for an ash
content of 25.2 %

When the sample was diluted, the yield of total concentrate decreased from 84.4 %
(Figure 2) to 73.3 % (Figure 3), i.e. by 11.1 %.

For intermediate values of ash content of diluted sample No. 9, similar calculations
were performed. The results obtained are placed in table 2.

Table 2. The effect of dilution on technological indicators concentrate and waste.

Ash content Concentrate Waste
diluted Yield, Ash content, | Yield, | Ash content,
samples,% Y% % % %
17.8 84.4 6.8 15.6 77.7
19.1 82.8 6.8 17.2 77.8
20.5 80.8 6.8 19.2 77.7
22.7 77.6 6.8 22.4 77.4
23.9 75.7 6.8 24.3 77.0
25.2 73.3 6.8 26.7 75.6

4 Conclusion

Computational experiments have established:

1. An increase in the dilution of coal mined from 17.8 % to 25.2 % reduces losses
during selective and gross excavation.

2. In case of fulfillment of contractual obligations by the concentrating plant to observe
the constancy of the ash content of the concentrate being shipped (in our example no more
than 6.8%):

« increases the loss of concentrate output from the beneficiation plant from 84.4. % to
73.3 %, i.e. by 11.1 %;

« increases the rock yield from 15.6 % to 26.7 %, i.e. 11.1 % of the ash content of 6.8 %
will permanently go to the dump together with the rock;

* an increase in breeding yield will lead to additional transport costs associated with its
transportation;
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* A decrease in the ash content of the rock falling into the dump may lead to its ignition

and additional environmental damage.
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