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CHANGE OF DUSTFORMING ABILITY OF A COAL LAYER IN PRODUCTION
FIELD OF BLASTING OPERATIONS

ZMENA SCHOPNOSTI TVORBY PRACHU VRSTVY UHLI V TEZEBNIM POLI PRI POUZITI
TRHACICH PRACI

Annotation

The solution of scientific and technical task on improving of dust and gas formation after blasting
operation in the final sections of faces is given. The solution implies prevention of harmful and dangerous dust
and explosive gases appearance at the expense of dustforming ability change of coal layer and adsorptive coal
dust ability decrease by means of change of physical and mechanical properties of coal by hydroeffect.

Anotace

V clanku jsou uvedeny vysledky feSeni vyzkumné - technického ukolu snizeni tvorby prachu a plynu pii
trhacich pracich v porubech, jejichz vysledkem je tvorba vyklenk® v pilifi rubéni. ReSeni obsahuje navrh
prevence proti vyskytu Skodlivého a nebezpecného prachu a vybusnych plynii z divodu zmény mnozstvi tvorby
prachu uhelné sloje a snizeni adsorpénich schopnosti uhelného prachu vlivem zmény fyzikalnich a
mechanickych vlastnosti uhli zavlazovanim.
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Introduction

Mining operations imply a wide use of blasting operations while developing preparatory excavations
and forming of niches in breakage face in the final sections of faces. More than a half of breakage faces of
“Donetskugol” prepare niches using DBO (drilling and blasting operations).

Dust which is formed in the result of coal deformation is of high dispersive quality and consequently the
danger of pneumoconiosis is very high, it is difficult to be watered and neutralized. Aggressive influence of such
kind of dust on respiratory system of a human being is intensified by adsoption of poisonous gaseous blast
products on its surface. This leads to high fibrohenic activity and causes pheumoconiosis among mining
workers. The consequent poisonous gases outlet can cause intoxication among miners [1].

The real state of the problem

Analysis of applied methods has shown that in sprite of hydroblasting technologies improvement,
effeciency of a single method of dust and gas suppression does not allow to descrease residual dust contents of
air and gas release from cut coal according to demanded standards.

To fight against coal dust formation and adsorption of poisonous gases is necessary to carry out some
efficient measures on prevention of harmful effects of poisonous gases and dust appearance which occur while
carrying out blasting operations. It is simpler, cheaper and more efficient to prevent dangerous and harmful
phenomena than to elliminate its results.
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One of the methods of dust and gas formation can be hydroprocessing of edge parts of coal layers by
water solution of active surface substances (ASS). Moisturized zones of the layer are formed in these substances
changing physical and mechanical coal properties. Being combined with applied method and measures on dust
and gas forming decrease while carrying out blast operations it will allow to create local zones on workplaces of
face final sections in which concentration level of dust and gas contents is not higher than the maximum possible
concentration [2].

Both coal destruction mechanism and processes of dust formation are changed while carrying out
blasting operations in a moisturized zone of a coal layer.
The theoretical ground of the researches

It is known that energy contents (capacity) of destruction depends on both a kind of load application and
physical and mechanical properties of the surroundings. Changing these properties leads to certain changes of
energy indicators of destruction. When coal porosity is increased, steady increase of specific dust release is
observed.

Functional dependence of specific dust formation on energy destruction has been calculated [3,4]:
P=T1-exp(-fHy)] , (M

where

f — an indicator that features coal massif according its ability to crush;
H,, — specific energy of destruction.

ﬂ — =l i=1 i=1 . (2)

where

a; — arithmetic mean of release of particles with size less than d;, %
d; — size of holes of sieve i , mm; n — the amount of sieves, (items).

Researches [5] show that summarized release of dust particles is proportional to work spent on coal
destruction. Meanwhile the layer’s properties effect dust contents in destroyed coal more than its destruction
regime.

The change of properties of a layer by hydro effect leads to change of coal crush degree, i.e. it leads to
change of its surface destruction. Area of dust surface F specific, which is formed when coal destruction occurs,
is one of the main indicator of sorbing quantity of poisonous gases. These gases come into excavation
atmosphere later. Specific energy of destruction H,, of both dry and moisturized coal is changed proportionally to
the area of surface of their destruction depending on the degree of moisturizing.

The results of the theoretical researches

The graph of area change of destruction surface depending on coal particles size is built on the bases of
idea physical and mechanical model. (pic. 1). The dependence of this area change is calculating using the
following formula:

Sy 1. = 0,0007d" - 0,0957d + 2,398 3)

25



where

d — particles size of destroyed coal, mm.

Specific energy of destruction H,, depends on change of surface destruction area and coal particles size:
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Figure 1: Graph of area change of coal surface when there is ideal and real destructions depending on release

of particles sized d, mm.

Obr. 1: Graf plosné zmeény povrchu uhli, kdyz existuje idedlni a realné poruseni, v zavislosti na uvolnéni castic o

velikosti d, mm.

Strengthening properties and structural peculiarities of coal massif alongwith energetic parameters of

destruction influence significantly the amount of forming dust [3]:

where

0,785, GOEK,

" Tz(l_luz)de./'Fw ’

ap — efficiency coefficient of blast (EC);
G — mass of charge, kg;

Q — specific heat of blast (J/kg);

)

E — module of coal flexibility; K7 — mechanical equivalent of heat; 7 — extent of strength of coal

shift,(Pa);

u — Puasson’s coefficient; d, — diameter of dust particles, m; K, — coefficient, including form of dust
particles, K,= 20....26;

F,, — area of dust surface, m?

The parameters included into the formula (5) can be divided into two groups: the first group includes
variable parameters which feature properties of surroundings where blast occurs (E, v, 1 , d, , K/, Fy,); the

second group includes constant energetic parameters of blast — o, G, O, K7
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E
oid (1-1* )K,F,

f= s

P, =0,785a,GOK, x (©6)

This allows to put down equation with constant parameters of blast and variable parameters of
properties of coal layer before and after moisturizing:

E E
Py =k, x 2 l2 ’ Py, =k, x— 22 ’ Q)
7 (l_ﬂl )Fspl

0,7850,GOK ;
= const , e
def
where

E;, E;— modules of flexibility;

17;,72 — modules of shift;

I, 1y — Passion’s coefficient

Fy,1, Fyp, — area of dust surface of coal layer before and after moisturizing.

The change of dust formation using blasting method of coal cutting with account of the change of layer
humidity can be calculated by the following formula:

AP, = Py, _ E1722(1_/u22)Fsp2 ‘
’ Py, Ezflz(l_ﬂlz)Fsm

If we mark ratio of layer features before and after moisturizing as in formula (7)

@®)
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where
2 2 F
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in this case the change of dust formation while carrying out blasting operations at the expense of the
changes of physical and mechanical properties of a coal layer being effected by the process of moisturizing can
be calculated by the following equation:

APz=ky ky ks ky ©

The experiments in real conditions

The whole range of laboratory and real researches were held. In order to establish effect of low pressure
of moisturizing on deformation coal features, its destructive and dust formation abilities. Coal of K3 layer of
‘Lidiyevka’ mine SE ‘Donetskugol’ was chosen to be tested because of coal high hardness (f = 1,5) and its
destruction energy capacity require use of DBO while preparing niches.

The moisturized zone of the layer has been formed on section 7 of western face from the side of haulage
drift in the distance of 25-50mm. from the lower niche. From this niche sampling cut coal was done in order to
establish granulometric contents of cut coal. The same kind of sampling has been done in the zone of upper
niche which wasn’t moisturized.
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The results of the experiments in real conditions

The results of granulometric contents of destroyed coal from different zones of moisturizing showed
that outcome of large fractions is increased from (30 mm) 38,2 to 60% and outcome of small fractions decreased
from 39,05% to 23,25%.

Consequently the areas of surface of destroyed dry and moisturized coal are changed depending on
fractions outcome with different degrees of coal moisturizing (pic. 1).

These changes have polynominal dependence and they are calculated by:
= unfinished coal:
Seurt 1= 0,0031d” - 0,1294d + 1,2213 , (10)

= coal treated with ASS water solution:

Surt 2 = 0,0015d° - 0,0694d + 0,7865 (11)

Dependence of change of specific energy destruction Hy,

= unfinished coal:

dy
le = J.SsurflAdi ’ (12)
dy

= coal treated with ASS water solution

dy
Hw2 = J‘S.sur/’ZAdi . (13)
di

The results of the researches

Total area of destroyed coal after analyzing of granulometric contents was 2,15m” for coal which wasn’t
moisturized by sintanol solution (is 1,3 times reduced). The surface of small fractions of destroyed coal (1,5 mm)
is decreased from 1.49m? to 0,896m? (in 1,67 times). Thus decrease of total area of moisturized coal surface and
area of small coal fractions surface leads to reduction of adsorbing capacity of poisonous gases and their release
into atmosphere.

According to sieve analysis average value (according to number of samples) was calculated as summing
outcome of sublattice product and indicator featured coal massif as for its crushing ability was calculated as well.

For coal from moisturized zone £ = 0,57. For coal from the zone moisturized by syntanol (solution:
£ =0,66). Specific energy of destruction of dry coal is H,~=1,58J/kg. The coefficient of specific dust formation
from coal destruction energy for different degrees of moisturizing: Py, = 0.70 kg/t; P, = 0.59 kg/t.

Calculating average coefficients included in the equation (7) of variable quantities: Puasson coefficient
(#) , module of flexibility (£, Pa), module of shift, (z, Pa), dust surface area, (Fj, m?) for sorts of coal with
different degrees of moisturizing made it possible to calculate coefficients included in the dependence (9).

Conclusion

As a result, the amount of coal dust formed while carrying out blasting operations in the final sections
of a face with physical and mechanical properties change of a coal layer under the moisturizing effect decreases
dramatically (in 3 times).

The effect of extra preliminary hydro treatment of a coal layer in the potential drilling and blasting
operations (DBO) zone gives the opportunity to reduce dust and harmful gas release from the cut coal into the
mine atmosphere. It helps to create safe conditions of blasting operations.
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Resumé

V ramci tézebnich operaci je zahrnuto i Siroké pouziti trhacich praci pii tvorbé vyklenkt v pilifich

rubani, zajisténych sekcemi porubu. Vice nez polovina pracovist’ v oblasti ,,Donetskugola® pfipravuje vyklenky
pomoci DBO (vrtacich a trhacich praci).
Prach, ktery se tvofi nasledkem deformace uhli je vysoce disperzni kvality a nasledkem toho je velmi vysoké
nebezpeci zapraseni plic pracovnikt, pohybujicich se v tomto prostiedi. Kropeni a neutralizovani tohoto prachu
je velmi slozité. Agresivni vliv takového druhu prachu na dychaci ustroji ¢loveka je intenzifikovan adsorpci
jedovatych plynnych produktt rozpojovani trhacimi pracemi na jeho povrchu. To vede k vysoce fibrogenni
aktivité a zpusobuje pneumokonioézu pracovnikd v hornictvi. Nasledny odvod jedovatych plyni mtze zptsobit
intoxikaci hornikd (1).

Analyza aplikovanych metod ukazala, Ze navzdory zlepSeni technologie ptsobeni tlakovou vodou,
ucinnost této metody sniZovani prasnosti neumoziuje snizit rezidualni obsahy prachu ve vzduchu a uvolnit plyn
z rozpojeného uhli na pozadované standardni hodnoty.

Pro boj s tvorbou uhelného prachu a adsorpci jedovatych plynti je nezbytné provadét néktera Gcinna
opatfeni pro prevenci pied Skodlivymi Gc¢inky vzniku jedovatych plynt a prachu, které se vyskytuji pfi provadeéni
trhacich praci. Zabranéni nebezpe¢nym a Skodlivym jevim je jednodussi, levnéjsi a u¢inngjsi nez eliminovat
jejich nasledky.

Prevenci tvorby prachu a plynu mtze byt hydraulické ovliviiovani okrajovych ¢asti uhelnych vrstev
vodnim roztokem latek s aktivnim povrchem (ASS). Zvlhéené zony vrstvy se tvoii v téchto latkach ménicich
fyzikalni a mechanické vlastnosti uhli. V kombinaci s aplikovanou metodou a opatienimi na pokles tvorby
prachu a plynu pfi provadeéni trhacich praci to umozni vytvorit lokalni zony na pracovistich poslednich sekci
porubii, ve kterych neni uroven koncentrace prachu a plynu vétsi nez maximalni mozna koncentrace (2).

Jak mechanismus destrukce uhli, tak procesy tvorby prachu se méni pii provadeéni trhacich praci ve
zvlhéené zoné vrstvy uhli.

Energetickd kapacita poruseni zalezi na druhu aplikovaného zatizeni a fyzikalnich a mechanickych
vlastnostech okoli. Zména té€chto vlastnosti vede k uréitym zménam energetickych indikator poruseni. Kdyz se
zvy$i porovitost uhli, je pozorovan nartist uniku prachu. Vyzkumy (5) ukazuji, ze celkové uvolnéni prachovych
¢astic je umérné praci vynaloZené na rozruseni uhli.

Zméena vlastnosti vrstvy hydroefektem vede ke zméné stupné drceni uhli, to znamena ze vede ke zméné
jeho povrchového rozruSeni. Plocha specifického povrchu prachu, ktery se tvofi pfi rozruSeni uhli, je jednim
z hlavnich indikator sorbovaného mnozstvi jedovatych plynt. Tyto plyny se dostavaji pozdé€ji do atmosféry pfi
dobyvani. Specificka energie rozruseni H,, jak suchého tak zvlhc¢eného uhli se méni imérné plose povrchu jejich
rozruseni v zavislosti na stupni zvlhéeni.

Graf plosné zmény povrchu rozruseni v zavislosti na velikosti uhelnych ¢astic je vytvoren na zakladé
ideélniho fyzikalniho a mechanického modelu (Obr. 1).

Zména vlastnosti a strukturnich zvlastnosti uhelného masivu spolu s energetickymi parametry poruseni
ovlivituji vyznamné mnozstvi tvoticiho se prachu (3),kde ap— koeficient t€innosti odstielu (EC); G — hmotnost
naloze, kg; O — specifické teplo odstielu (J/kg); E — modul pruznosti uhli; K- mechanicky ekvivalent tepla; 7 —
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velikost pruZnosti ve smyku pro uhli, (Pa);  — Poissonovo ¢&islo; d, — priimér ¢astic prachu, m; Ky — koeficient
zahrnujici tvar ¢astic prachu, K= 20....26; Fy, — plocha povrchu prachu, m’.

Parametry ovliviiujici mnozstvi prachu lze rozdélit do dvou skupin: prva skupina zahrnuje promeénné
parametry, které charakterizuji vlastnosti okoli, kde nastava odstiel (E, 1, p, d,, K¢, Fg,); druhd skupina obsahuje
konstantni energetické parametry odstielu — ag, G, Q, Kr.

Byla provedena cela fada laboratornich a realnych vyzkumu, aby se stanovil u¢inek zavlazovani na
deformaéni charakteristiky uhli, jeho destruktivni a prachotvorné schopnosti. Uhli sloje Ky dolu ,,Lidiyevka™ SE
»Donetskugol“ bylo vybrano k testovani kvuli vysoké tvrdosti uhli (f=1,5), a nutnosti pouziti DBO pfi tvorbé
vyklenkd.

Zavlazena zona sloje byla vytvotena v Giseku 7 zapadni kry, z boku dopravni chodby ve vzdalenosti 25-
50 m od spodniho vyklenku. Z tohoto vyklenku byl odebran vzorek rozpojené¢ho uhli, aby se stanovilo
granulometrické slozeni rozpojené¢ho uhli. Stejny druh vzorkovani byl pouzit v zén€ horniho vyklenku, kterd
nebyla zavazena.

Vysledky granulometrického slozeni rozruseného uhli z riznych zon zvlhéeni ukazaly, ze podil velkych
frakci (30 mm) je zvySeny o 32 % a vystup malych frakci (1,5 mm) klesl 016,2 %. Nasledkem toho, plochy
povrchu rozruseného suchého a zvlhceného uhli jsou zménény v zavislosti na vysledku frakci s riznymi stupni
zvlh¢eni uhli (Obr. 1).

Dusledkem tohoto experimentu je vyrazné snizeni (3krat) mnozstvi prachu uhli vytvoifeného béhem
provadéni trhacich praci v poslednich usecich porubu se zménou fyzikalnich a mechanickych vlastnosti vrstvy
uhli podléhajici uc¢inku zvlhéeni.

Utinek mimofadného piedb&zného osetieni vodou vrstvy uhli v zoné potencialnich vrtnych a trhacich
pracich (DBO) poskytuje pfilezitost pro snizeni uvolilovani prachu a Skodlivych plynti z rozpojeného uhli do
dilniho ovzdusi. Pomaha vytvaret bezpecné podminky pro trhaci prace.

Recenzenti: Ing. Martin Chromecka, CSc., Dekonta Ostrava,
prof. Ing. Vlastimil Hudecek, CSc., VSB-TU Ostrava.
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