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The problem of environmental pollution during the explosive destruction of rocks in order 
to extract minerals is solved in the article. Two types of borehole charge stemming design have 
been developed, which, in addition to the function of locking the products of the explosion, 
allow completely neutralizing harmful gases. The first type is the stemming design, which 
includes the two-stage purification of harmful gases, formed during the explosive destruction 
of rocks, and is based on chemisorption of gases by quicklime or production waste and physi-
cochemical sorption (adsorption) by zeolites. Such stemming can provide complete chemical 
neutralization of NO2 and CO2, as well as neutralization of CO by zeolites, during the explo-
sion. The second type is stemming design, which includes chemisorption of gases by slaked 
lime. This type of stemming has a number of advantages over the previous one. It can not only 
provide complete chemical neutralization of NO2, CO2 and CO, but also allows abandoning 
zeolites, which significantly reduces the cost of its formation to obtain the effect of “irrigation” 
of the dust and gas cloud, which reduces the concentration of dust in the air after the explosion 
to provide a higher degree of conversion. The paper determines quantitative and qualitative 
characteristics of the adsorbent composition of the two types of stemming depending on the 
type of explosive, the amount and type of harmful gases formed during explosion, and the 
parameters of the borehole.

Keywords: Borehole charge, environmental pollution, explosion, explosive, harmful 
gases, neutralization of gases, stemming.
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1. INTRODUCTION

The mining industry is one of the main 
industries in many countries of the world. 
During the extraction of solid (strong) min-
erals, blasting operations are an integral 
part of the preparation for excavation. A 
large volume of gas and dust is produced 
during the blasting operation, especially in 
quarries, and then released into the atmo-
sphere (Table 1). Commercial explosives 
are the major sources of pollutants. There 
is maximum detonation energy for destruc-
tion of the rock mass and minimum of 
harmful gases if the oxygen equilibrium 
of the explosive is zero. If the oxygen bal-
ance of the explosive deviates from zero 
gases caused by detonation can appear in 
the form of steam, carbon dioxide, nitrogen 
and some toxic and harmful gases, such as 
nitrogen monoxide, nitrogen dioxide and 
carbon monoxide [2].

During the interaction between oxides 
of nitrogen (except NO) and carbon (IV) 
oxide with water vapor, aerosols of nitric, 
nitrous and carboxylic acids are formed, the 
deposition of which on the soil leads to an 
increase of nitrates, nitrites and carbonates 
in it, and during entering water bodies – to 
acidification of water. Oxidizing hemoglo-
bin to methemoglobin, nitrates and nitrites 
disrupt its transport function. Carbon (II) 
oxide, in turn, causes poisoning of the body 
due to the formation of carboxyglobin in 
the blood and thereby blocking the trans-
port of oxygen. Carbon dioxide is one of the 
greenhouse gases and is involved in global 
warming [3].

It should be noted that the simultaneous 
formation of harmful gases and dust during 
the explosion is accompanied by the adsorp-
tion of these gases by the developed sur-
face of dust particles [4]. These toxic gases 
pollute the mining area and its adjacent 

environment, which can endanger humans 
(workers), animals, and plants. A new blast-
ing pattern and the controlling methods for 
the pollutants, especially by changing the 
stemming materials and length, can provide 
a safe environment for the ecosystem [2].

It is known that the efficiency of the 
explosion is largely determined by the 
parameters of the stemming [5]. Its volume 
and quality determine the level of explo-
sive energy using to destroy the rock mass, 
the uniformity of rock mass fragmentation, 
as well as the volume of the dust and gas 
cloud [6]. The main purpose of stemming 
is to lock the products of the explosion reli-
ably for a time until the secondary reactions 
of detonation decomposition of the explo-
sive are carried out, and the energy of the 
expanding gases is converted into mechani-
cal work of destruction and moving of the 
massif. Along with regulating the intensity 
of rock crushing, stemming should pre-
vent premature gas ejection from the bore-
hole, which is accompanied by incomplete 
decomposition of explosion products and 
leads to an increase in toxic components in 
the gas mixture, destruction of the wellhead 
with uncontrolled scattering of individual 
pieces of rock [5].

As a result of numerous studies, it has 
been established that the behaviour and 
efficiency of stemming during mass explo-
sion depend on the physical and mechani-
cal properties of the stemming material, the 
size of its particles, compression, friction 
with the walls of the charging cavity etc. 
[7].

A significant number of scientific papers 
are devoted to the choice of rational design 
and material of stemming [7]–[26]. How-
ever, mainly the stemming designs, which 
create the maximum resistance to the ejec-
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tion of explosive products, are presented in 
these papers. At the same time, not enough 
attention is paid to the ejection of detona-

tion products into the atmosphere through 
the stemming material [8].

Table 1. Estimated Emissions of Harmful Gases from Blasting Operations  
for the Extraction of the Most Common Minerals in the World

Mineral

2019 World production (according to 
Mineral Commodity Summaries 2020 – 

USGS, University of Waterloo)

Specific 
consumption 
of explosive, 

kg/m3 [1]

Volumes of 
explosives use/
average value, 

millions of kilo-
grams

The amount of harmful 
gases (for example, an 
explosive – Granemit 

I–30), millions of litersmillions of 
metric tons millions of cubic meters

Gravel 50000 18519

0.
7–

1.
4

12963–25927
19445

CO2 1516710
CO 525015
NO2 4083

Iron Ore 2500 481 337–673
505

CO2 39390
CO 13635
NO2 106

Bauxite 500 200 140–280
210

CO2 16380
CO 5670
NO2 44

Lime 430 154 108–216
162

CO2 12636
CO 4374
NO2 34

Gypsum 140 64 45–90
68

CO2 5304
CO 1836
NO2 14

In particular, in [9] it has been estab-
lished that proper application of air-decking 
and stemming plugs may enhance explo-
sive energy utilization to a good extent. 
The developed stemming plug has acronym 
SPARSH and can effectively be used with 
air-decking. Further, SPARSH does not 
restrict the type of stemming material and 
stemming length.

The authors of [10] propose using a 
shortened to 7–14 diameters of the charge 
stemming with an air gap under it, which 
allows you to qualitatively crush the upper 
part of the ledge and improve rock frag-
mentation in general. In [7], it is noted 
that increasing the intensity of rock crush-
ing during explosion can be achieved as a 
result of application of scattered stemming, 
which provides not only tight locking of the 

detonation products in the charging cavity, 
but also the activation of gas-dynamic pro-
cesses in the stemming material due to the 
creation of air gaps in it and the formation 
of inert rigid inserts.

The authors of [5] have set the depen-
dence between the stemming effectiveness 
and the shape of its lower end, and size of 
the air gap between the stemming and the 
explosive charge. Yurchenko in [6] pres-
ents the stemming design based on the use 
of a rubber stopper with an anchor device. 
Vorobiov [8] substantiates the effective-
ness of combined stemming use in borehole 
charges with the location in it the S-shaped 
line of the detonation cord.

A significant number of scientific 
papers are aimed at substantiating the most 
effective stemming material for blasting 
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boreholes. In particular, study [11] aims at 
assessing the impact of drill cuttings use as 
stemming on blasting results. The screened 
drill cuttings having size of 3–7 mm have 
provided the improved blasting results in 
terms of reduced gas ejection, less dusty 
environment, less fly rock, better fragmen-
tation, loose muckpile and reduced explo-
sive consumption.

The authors [12] argue that a correct 
material and size (length) of stemming can 
theoretically be determined if the detonation 
wave is known. In the case that the detona-
tion wave is not available, it is suggested to 
follow some basic rules. First, it is better to 
choose a stemming material the impedance 
of which is greater than that of the explo-
sive. Second, the stemming must be long 
enough to allow the detonation wave to be 
kept in the blast hole much longer than the 
total detonation time after the detonation is 
completed.

The three new stemming plugs are 
designed based on literature review and 
onsite observations by Atta Ur Rehman. 
In terms of ease of operation and utiliza-
tion plastic molded stemming plugs have 
been better than quick setting cement and 
air-plugs. From the economic point of view, 
quick setting cement has been the best one. 
All of the stemming plugs have reduced the 
volume of secondary blasting [13].

In [14], the effect of different stem-
ming types on the results of the explosion 
has been researched. Stemming types have 
been ranged from sand to various sized 
limestone. Use of different particle sizes of 
stemming material has shown a significant 
decrease in stemming ejection velocity than 
the use of increased particle sizes.

In [15], the developed plaster stemming 
method is researched and compared with 
the usual dry drill cutting stemming method 
for surface blasting in quarries. Dry drill 
cuttings eject very easily from blast holes 

without offering much resistance to blast 
energy. The plaster stemming method has 
been found to be better than the drill cut-
ting stemming method due to the increased 
confinement inside the borehole and better 
utilization of explosive energy in the rock. 
The main advantage of the new stemming 
method is the reduction in the cost of blast-
ing.

The recording of the blasting with the 
high-speed camera during testing surfac-
tants as stemming has allowed observing 
the behaviour of these mixtures. The “mush-
room effect” during blasting has shown that 
the mixture is able to retain dust closer to 
the ground, avoiding vertical dispersion and 
subsequent transport due to wind. The addi-
tion of glycerin to the mixture in the labora-
tory has proven to improve the surfactant 
characteristics, so its use has been recom-
mended [16].

The authors [17] have developed stem-
ming, which consists of a low-density 
porous material and a layer of drill cuttings. 
The aim of low-density porous stemming 
use is to enhance the explosive effect and 
the possibility of dust suppression. After the 
borehole is loaded with explosive, the space 
above the charge is filled with foam gel in 
the sleeve, the top of the sleeve is filled with 
drill cuttings. Improved explosive effect 
is explained by the fact that the propaga-
tion velocity of the stress wave has a finite 
value, and, depending on the blockiness of 
the massif, amounts to 800–3000 m/s in the 
rock, 330 m/s in air, and 1500 m/s in water, 
and in the low-density composition only 
30–50 m/s.

However, the known designs of stem-
ming are aimed to a greater extent at 
improving the efficiency of blasting. Such 
stemming makes it possible to partially 
reduce dust emissions, but does not neutral-
ize harmful gases. Developed designs of 
stemming, which focus on their shape and 
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size, and which do not take into account the 
quality of the stemming material in terms 
of the ability to adsorb harmful gases, are 
not able to reduce the man-caused load on 
the environment from a mass explosion. 
Attempts to solve this problem have been 
made by the authors of [18]–[26].

In [18], it has been proposed to neutral-
ize harmful gases using slaked lime directly 
in the stemming above the upper end of 
the charge. The authors of [4] present the 
results of experiments to reduce the level 
of hazardous emissions into the atmosphere 
during mass explosions due to the use 
of aqueous stemming with an admixture 
of steaming solution containing calcium 
hydroxide Ca(OH)2. Due to this impurity 
coagulation of dust particles and partial 
neutralization of toxic gaseous substances 
are achieved. The optimal concentrations of 
this solution in internal, external and com-
bined stemming are determined.

The authors of [19] have developed a 
method of dust and gas suppression dur-
ing mass explosions using solid stemming 
moistened with an aqueous solution of a 
carbonic reagent with a concentration of 
1–2 wt. %, and a protective screen in the 
form of a moistened layer of rocks on the 
surface of the block. The authors [20] pro-
pose adding to the composition of the stem-
ming material salts of alkaline earth metal. 
The addition of salts of alkaline earth metal 
will reduce more than 3 times the yield of 
nitrogen (II) oxide and nitrogen (IV) oxide 
and more than 2 times carbon (II) oxide dur-
ing the explosion. The presence of a plasti-
cizer allows for the formation of different 
shapes of the stemming, which makes it 
possible to significantly expand the scope 
of its application. Katanov and Skachilov 
[21] have proposed filling the space above 
the explosive charge column with a low-
density composition.

The authors of [22] have conducted 

extensive experimental research of different 
types of stemming. Higher quality of lock-
ing of explosion products by the combined 
stemming with the embedded element in 
comparison with the backfill stemming has 
been confirmed. Leschinsky has developed 
the design of a universal combined stem-
ming, the spacer element of which is a con-
crete cone, which is installed in an explo-
sive borehole on the backfill site where 
drill cuttings are placed [23]. In [24], it 
has been proven that during the layer for-
mation of the combined stemming with 
alternating layers of drill cuttings and ele-
ments of stone material the resistance of its 
emission by the pressure of the explosion 
products increases sharply, which allows 
you to reduce the length of the stemming by 
half. Several types of stemming have been 
developed in [25], in particular: incomplete 
stemming (with a reduced mass of stem-
ming material), step stemming (the stem-
ming material is scattered in sections by air 
gaps) and closing charge.

In [26], algorithms for calculating the 
effect of explosive auxiliary materials on 
the oxygen balance of the system “explo-
sive – auxiliary materials” are proposed. 
The influence of auxiliary materials on the 
enthalpy of the explosion process and the 
composition of the explosion products is 
shown on the example of Gramonite 79/21.

As a result of the analysis of technologi-
cal and design solutions according to exist-
ing methods of stemming borehole charges 
the following should be noted. Stemming 
with an improved shape or inert gaps along 
the length or between the stemming and the 
charge is aimed at increasing the efficiency 
of the technological process and does not 
take into account modern requirements for 
the air of the working area and surrounding 
areas. In addition, its formation in borehole 
is quite time consuming. Liquid stemming, 
in addition to being expensive in terms of 
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component composition, requires the man-
ufacture of special tanks and fasteners to 
form it in boreholes. Stemming in the form 
of a closing charge is used in cases when 
the upper part of the ledge is composed of 
stronger and denser rocks in comparison 
with its lower part. The use of such stem-
ming leads to crushing, sometimes removal 
of the lower part of the ledge and subsid-
ence of the upper dense part without any 
destruction. There is a danger of an air 
shock wave inherent in blasting without 
stemming. Therefore, the development 
of universal stemming, which would pro-

vide the necessary fractional composition 
of rock mass, a high level of environmen-
tal safety during explosive destruction of 
rocks, with low labour and financial costs, 
is an urgent scientific and practical task. The 
analysis has shown that attempts to reduce 
the man-made load on the environment dur-
ing the explosion due to the rational choice 
of explosive do not provide the necessary 
results. The choice of explosive with higher 
environmental performance causes unsatis-
factory results of the explosion (a signifi-
cant amount of oversize, thresholds on the 
sole of the ledge, etc.) [27].

2. THEORY

Based on the possible composition 
of the dust and gas cloud (CO, CO2, NO, 
NO2), the authors have developed a stem-
ming design [28], which involves two-stage 
cleaning of harmful gases during the pro-
cess of explosive destruction of rocks and is 
based on chemisorption of gases by quick-
lime and physicochemical sorption (adsorp-
tion) by zeolites.

Fig. 1. The stemming design with two-stage cleaning 
of harmful gases: 1 – gravel; 2 – quicklime or waste 

containing it; 3 – zeolites or slags [28].

During the first stage, special attention 
is paid to the chemisorption of nitrogen 
(IV) oxide by quicklime, while other gases 
in a certain amount will be further adsorbed 
by zeolite (Fig. 1). It should be noted that 
during the first stage it is important to com-

pletely chemisorb NO2. First, NO2 is the 
most harmful component, and, secondly, it 
is able to form dimers 2NO2↔N2O4, due to 
which its adsorption by zeolites can be sig-
nificantly complicated.

Chemisorption of nitrogen (IV) oxide by 
quicklime during an explosion is described 
by the following reactions:

2NO+O2=2NO2,
2NO2+CaO=0,5Ca(NO2)2+0,5Ca(NO3)2,
2N2O4+2CaO=Ca(NO2)2+Ca(NO3)2.

If we take into account that 50:50 % 
2NO2↔N2O4, the chemisorption of NO2 by 
1 kg of CaO is 0.6 m3. Taking into account 
the degree of chemisorption (~ 99 %), the 
volume of chemisorbed gas decreases to 
0.594 m3.

As for CO, this oxide is non-salt-form-
ing, and therefore does not react directly 
with CaO. However, during an explosion 
and in the presence of oxygen in the air, 
such processes are possible:

2CO+O2=2CO2,
2CO2+2CaO=2CaCO3.
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For a precise calculation, the degree 
of conversion is taken into account by the 
reaction 2CO+O2=2CO2. It is assumed that 
this reaction takes place with η  =  0.7 (70 
%), as there is a possibility of lack of oxy-
gen. Taking into account the degree of con-
version by this reaction of 70 %, 0.7 dm3 is 
obtained, i.e., 0.7 liters of CO2 are formed 
from each liter of CO.

Taking into account the reaction of 
quicklime with carbon (IV) oxide:

CaO+CO2=CaCO3,

it is calculated that 1 kg of CaO chemisorbs 
400 dm3 of CO2. Taking into account the 
degree of conversion η=0.99, 1 kg of CaO 
theoretically chemisorbs 396 dm3 of CO2.

Conclusions on the degrees of conver-
sion of nitrogen (IV) oxide and carbon (IV) 
oxide by quicklime are based on the values 
of the activation energy ЕА of these pro-
cesses. Since the values of ЕА range from 
40 kJ/mol to 100 kJ/mol, most of the col-
lisions of the reacting particles lead to a 
chemical interaction, and, consequently, the 
reaction rate is very high. In addition, due 
to the explosion, the dispersion of the sys-
tem increases sharply, and, consequently, 
the area of the interfacial surface increases, 
which, in turn, increases the rate of the 
interaction of the reacting particles.

Based on our research to increase the 
environmental safety level of the explosive 
destruction of rocks, the developed stem-
ming design has been improved. The new 
stemming design is based on chemisorp-
tion of gases by calcium hydroxide (Fig. 2). 
Slaked lime as a suspension of dense con-
sistency is proposed to pour directly into the 
borehole after the formation of the charge. 

To prevent the penetration of the suspension 
into the explosive, in the case of its place-
ment without a sleeve, it is proposed to 
form a special “filling” in each borehole, on 
which the pre-prepared suspension of cal-
cium hydroxide will be poured. The forma-
tion of the “filling” does not require signifi-
cant labour and financial costs, as it is based 
on the addition to the suspension of slaked 
lime Ca(OH)2 methylcellulose C6H7O2(OH)
x(OCH3)y or sodium silicate Na2SiO3 with 
the formation of calcium silicate (“filling”) 
and sodium hydroxide, which, in turn, will 
actively neutralize nitrogen oxides and car-
bon dioxide:

Na2SiO3+Ca(OH)2=CaSiO3+2NaOH,
2NO2+2NaOH=NaNO2+NaNO3+H2O,
2NaOH+CO2=Na2CO3+H2O.

Fig. 2. The borehole charge stemming 
design, which includes chemisorption of 

gases by slaked lime: 1 – explosive;  
2 – “filling”; 3 – slaked lime suspension of 

dense consistency; 4 – gravel.

The next and last step in the formation 
of the stemming is backfilling the gravel 
to increase the resistance of the ejection of 
stemming by detonation products.

2Ca(OH)2+4NO2=Ca(NO2)2+Ca(NO3)2+2H2O,
2NO+O2=2NO2,
2NO2+Ca(OH)2=1/2Ca(NO2)2+1/2Ca(NO3)2+H2O,
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Ca(OH)2+CO2=CaCO3+H2O,

2CO+O2=2CO2,
2CO2+2Ca(OH)2=2CaCO3+2H2O.

The use of slaked lime suspension as a 
chemisorbent will allow not only neutraliz-
ing harmful gases formed during the explo-
sion, but also providing the effect of irriga-
tion of the dust and gas cloud, which, in 
turn, will reduce the concentration of dust 

in the air, as at a temperature above 520 °C:

Ca(OH)2=CaO+H2O.

In addition, calcium hydroxide reacts 
with carbon monoxide at a temperature of 
about 400  °C, which allows abandoning 
zeolites compared to the use of calcium 
oxide as a chemisorbent:

Ca(OH)2+CO=CaCO3+H2.

3. RESULTS AND DISCUSSION

The results of calculating the amount of 
harmful gases that 1 kg of CaO and 1 kg of 
Ca(OH)2 can chemisorb are given in Table 
2. According to [29], the amount of gases 
formed from 1 kg of explosive is (dm3/kg): 
NO2 – 0.21; CO – 27; CO2 – 78; N2 – 215. 
Given that the diameter of the borehole is 
250 mm, the diameter of the charge – 160 
mm, the length of the borehole – 16 m, the 
length of the charge – 12 m and the length 
of the stemming – 4 m, the amount of gases 
from 1 borehole will be (dm3): NO2 – 60.9; 
CO – 7830; CO2 – 22620; N2 – 62350.

The total mass of CaO required for the 
planned chemisorption volumes will be:

mCaO=0.1+57.1+13.8=71 kg.

Thus, 2349 dm3 of CO should be 
adsorbed by the zeolite.

The total mass of Ca(OH)2 required for 
the planned chemisorption volumes will be:

mCa(OH)2=0.1+75.4+36.9≈112 kg.

Table 2. Volumes of Chemisorption of Gases Formed during the Explosion by  
One Kilogram of Quicklime and One Kilogram of Slaked Lime

Gas formed during the 
destruction of rocks by 
explosive

The volume of gas 
chemisorption by 1 kg of 

CaO, dm3

The volume of gas 
chemisorption by 1 kg of 

Ca(OH)2, dm3
The degree of conversion

NO2 594 450 0.99
CO2 396 300 0.99
СO2 formed by the  
reaction 2CO+O2=2CO2

396 - 0.70

CO - 212 0.7

According to experimental literature 
data [30] for NO (and the adsorption of CO 
is similar due to the similar size of the mol-
ecules), 1 g of zeolite (KA) adsorbs (maxi-
mum) 0.35 g of CO or 0.28 dm3. Therefore, 

8389.29 g or 8.4 kg of zeolite are required 
to adsorb 2349 dm3 of CO.

Given that with increasing tempera-
ture physical adsorption deteriorates, the 
mass of zeolite, in the case of quicklime, 
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it is proposed to double (17 kg). This takes 
into account not only the physicochemical 
adsorption processes during the explosion, 
but also the subsequent adsorption on zeo-
lites, which will be in a suspended state for 
a long time (according to experimental data, 
the dust cloud in sedimentary dry weather 
will sediment (settle under the action of 
gravity) for 3−3.5 hours or more). At the 
same time, the degree of dispersion of the 
system during the explosion will cause an 
increase in the interfacial surface of the 
reacting particles and, as a consequence, 
an increase in the degree of conversion 
(adsorption) of carbon monoxide. Under 

these conditions, the sorption of oxygen and 
nitrogen in the air can be neglected due to 
the very small size of their molecules and, 
therefore, due to their insignificant adsorp-
tion on the pore surface of the zeolite.

Thus, based on the calculation of the 
required amount of adsorbent at each stage 
of purification and justification of its feasi-
bility, the quantitative and qualitative char-
acteristics of the adsorbent in stemming 
depending on the type of explosive, the 
amount and type of harmful gases formed 
during the explosion and borehole param-
eters have been obtained:

 (1)

	  (2)

 (3)

where ρex – density of explosive, kg/m3; dch – charge diameter, m; lch – charge length, m; V – 
volume of relevant harmful gas from 1 kg of explosive, dm3/kg; n – adsorption capacity of 
1 g of zeolite, dm3.

If it is necessary to prepare a special 
“filling” (if the explosive in the borehole 
is placed without a sleeve and stemming 
is based on use of Ca(OH)2), an additional 
suspension of calcium hydroxide of dense 
consistency is required. For the given 
parameters of a charge design the rational 
length of a “filling” is 30 cm. Taken into 
account that the density of calcium silicate 
is 2.9 g/cm3, it is calculated that the required 
amount of slaked lime suspension to form a 
“filling” of the required size is 28 kg, and 
sodium silicate – 46 kg.

The results of calculations of the mass 

of quicklime, slaked lime and zeolites for 
complete neutralization of harmful gases 
are given in Table 3. The diameter of the 
borehole – 250 mm, the length of the bore-
hole – 16 m, the charge diameter – 160 
mm, the length of the charge – 12 m. The 
required amount of zeolite of each grade is 
calculated according to their absorbency in 
compliance with [30].

Thus, the two-stage purification of harm-
ful gases using the stemming design, which 
includes chemisorption of gases by quick-
lime and physicochemical sorption (adsorp-
tion) by zeolites, can provide complete 
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chemical neutralization of NO2 and CO2, as 
well as neutralization of CO by zeolites. The 
improved stemming design, which includes 
chemisorption of gases by slaked lime, not 
only provides complete chemical neutraliza-
tion of NO2, CO2 and CO, but also allows 
abandoning zeolites, which significantly 
reduces the cost of its formation, to obtain 
the effect of “irrigation” of the dust and gas 
cloud, which reduces the concentration of 
dust in the air after the explosion in order to 
provide a higher degree of conversion.

In addition, such stemming must be 
taken into account when choosing a rational 
type of explosive for blasting under specific 
mining and geological conditions. With the 
implementation of the proposed stemming 
design in combination with the resource-
saving design of the charge [31], it is possi-
ble not only to avoid or minimise the tax on 
pollutant emissions, but also to increase the 
efficiency of explosion and prevent mine-
ral losses.

Table 3. The Required Amount of Reagent and Sorbent for Complete Neutralization  
of Harmful Gases during Detonating of Modern Explosives

Explosive

Density 
of  

explosive,  
kg/m3

The amount of gases 
formed from 1 kg of 

explosive,  
dm3

Required amount  
of lime,  

kg

The required amount of zeolite 
(when stemming is based on use 

of CaO), kg

CaO Ca(OH)2 KA 13X LiLSX

Polimiks 
GR4-T10 872

CO2 52.64
59 119 37 34 33

CO 82.66

Polimiks 
GR1/8 875

CO2 64.85
42 64 8 8 7

CO 18.48

Kompo-
lait GS6 852

CO2 39.45
39 76 22 20 19

CO 50.02

Polimiks 
GR1/8 
(74 %) + 
KRUK2 
(26 %)

1000
CO2 73.14

49 71 6 5 5

CO 10.7

Polimiks 
GR1/8 
(85 %) + 
KRUK2 
(15 %)

950
CO2 69.99

46 68 7 6 6

CO 13.62

Hranemit 
I-30 1200

CO2 78

71 112 17 15 15CO 27

NO2 0.21

Hranemit 
I-50 1300

CO2 89.2

92 151 26 24 23CO 38.8

NO2 0.12
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4. CONCLUSIONS

The stemming design, which includes 
the two-stage purification of harmful gases 
formed during the explosive destruction 
of rocks, and is based on chemisorption of 
gases by quicklime or production waste that 
includes it and physicochemical sorption 
(adsorption) by zeolites, has been developed 
within the framework of the research. Such 
stemming can provide complete chemical 
neutralization of NO2 and CO2, as well as 
neutralization of CO by zeolites, during the 
explosion.

It is proposed to improve the developed 
stemming design by replacing quicklime 
with slaked lime. The improved stemming 
design, which includes chemisorption of 
gases by slaked lime, not only provides 
complete chemical neutralization of NO2, 
CO2 and CO, but also allows abandoning 
zeolites, which significantly reduces the 
cost of its formation in order to obtain the 
effect of “irrigation” of the dust and gas 
cloud, which reduces the concentration of 
dust in the air after the explosion to provide 

a higher degree of conversion.
For a borehole with a diameter of 250 

mm and a length of 16 m, in which the 
charge of Hranemit I-30 with a diameter of 
160 mm and a length of 12 m is formed, 
the total mass of CaO required to chemi-
sorb nitrogen (IV) oxide and carbon (IV) 
oxide is 71 kg, mass of zeolite KA, which is 
required for complete adsorption of carbon 
(II) oxide, is 17 kg. Under the same condi-
tions, the required amount of Ca(OH)2 sus-
pension for complete neutralization of all 
these gases is 112 kg.

As a result, the environmental con-
ceptual framework of explosion by using 
the gas-neutralizing and dust-suppressing 
stemming of borehole charges has been 
developed. The study has identified quan-
titative and qualitative characteristics of the 
adsorbent composition of the two types of 
stemming depending on the type of explo-
sive, the amount and type of harmful gases 
formed during explosion, and the param-
eters of the borehole.
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