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Abstract—In order to study the injectability of the
advanced inhibiting coal seam and the effect of inhibitor
injection, taking the 3 upper coal seam in Nantun mine as an
example, on the basis of the fact that this coal seam can be
injected, the experiment of pressurized water absorption for
coal in 9 different solution of inhibitor was carried out. The
minimal aperture of pore that allows inhibitor to be injected is
deduced according to the pore distribution. The quality of
inhibitor that be injected into the coal is calculated. Research
shows that the type and concentration of the inhibitor will have
an impact on the injection. MgCl: at a concentration of 25% is
easier to injected into the coal. The minimal aperture of pore
that allows MgClz to be injected is 0.08pm.Per ton of coal can
be injected 3.80 kg of MgCl2. MgCl2 at a concentration of 25%
should be given a priority to be used to achieve the advanced
inhibition of this coal seam.

Keywords—advanced inhibition, injectability, solution of
inhibitor, moisture increase, pore distribution, minimal aperture
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. INTRODUCTION

The problem of coal spontaneous combustion in China is
serious. One of the fire extinguishing technique at home and
abroad is preventing coal spontaneous combustion by using
inhibitors[1]. Advanced inhibition is that solution of inhibitor
is injected into coal seam by drilling before being mining of
easily spontaneous combustion coal seam to infiltrate the
pore of coal, which can prolong the cycle of spontaneous
combustion and solve the problem fundamentally[2]. The
key to achieve a good effect for advanced inhibition is
selecting appropriate inhibitors to inject into the pore of coal
effectively.

Scholars at home and abroad have been studying on the
experiments of inhibition effects[3-6] and the selection of
inhibitors[7,8] by taking coal particles as the test object for
many years so that the influence of pore distribution of crude
coal on the injection effect of inhibitor is not taken into
account. So the lack of basis for the amount of inhibitors
may cause the inconsistent between the test results and the
actual application effects. When it comes to the injectability

of slurry[9-11], Chen Kai and others[12] have studied the
injectability of chemical grout in weak cementation porous
media by taking 6 penetration models  with
differentpermeability. Li Xiaolong and others[13] have
studied the injection effects of new sol resin grout in pore
and micro fissures-rock by the field test. Ruan Wenjun and
others[14] have studied the injectability of chemical grout
by using the plastic strength and injectability period. The
above studies mainly analyzed the injection effects of grout
from a macro perspective but do not research the relation
between the pore distribution and injection effects of grout
from a micro perspective.

Therefore, the author selects MgCl;, NHsH,PO4 and
water glass to prepare solution of inhibitor at a concentration
of 15%, 25% and 35% respectively by taking the 3 upper
coal seam in Nantun mine as an example. And the
experiment of pressurized water absorption for coal in 9
different solution of inhibitor is carried out. Combining the
influence of the pore distribution on injection effects, the
best inhibitor is selected, which has practical significance on
guiding advanced inhibition of coal seam.

Il. COAL SEAM CHARACTERISTICS AND THE DETERMINATION
OF INJECTABILITY
A. Coal Seam Characteristics

The coal seam characteristics are shown in Table 1 by
taking the 3 upper coal seam in Nantun mine as a test object.

TABLE I. THE 3 UPPER COAL SEAM CHARACTERISTICS IN NANTUN
MINE
Coal Coal
Seam seam Coal Coal seam seam dip Stable
depth/m structure mark thickness/m anglle/ degree
(<)
Single
325.6 coal Gascoal 6.2 5.0 stable
seam

B. Experiments on Injectability of Coal Seam

The experiment on the injectability of the 3 upper coal
seam in Nantun mine is carried out including initial moisture,
total porosity, natural saturated water absorption and
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firmness coefficient tests[15]. The coal total porosity (n) can
be tested by the density method and calculated by the
following formula.

n:uxloo D
Vt
V,=m/p, (2)
V,=m/p; (3
n=[1—&]x100 (4)
Pr

In the above formula, n is total porosity of coal in %, V; is
the total volume of coal in mL, Vs is the ture volume of coal
in mL, m is the coal quality in g, pa is the apparent relative
density of coal in mg/cm?® and pr is the true relative density
of coal in mg/cm?® .

Based on the above tests, the performance parameters of
coal seam inhibitors are shown in Table 2.

TABLE II. THE PARAMETERS OF COAL SEAM INJECTABILITY
Natural
Initial . saturated Firmness
- Porosity - -
Items moisture /% water coefficients  Conclusion
M /% absorption f
ol%
Bvaluation >4.0 >1.0 >0.4 o
results injection
Measured g 5.41 1.83 2.2
results

As is shown in Table 2, the 3 upper coal seam in Nantun
mine is water injection coal seam because it satisfies Mi<
4.0, n=4.0, ¢=1.0 and f=0.4 at the same time. Therefore,
the coal seam meets the basic conditions for advanced
inhibition.

I11. THE EXPERIMENT OF PRESSURIZED WATER ABSORPTION

A. The preparation and treatment of coal samples

The fresh coal samples in the 3 upper coal seam are
collected and sealed. After removing the surface oxide layer
in the laboratory, the coal sample is cut into
50mm>&0mm>50mm cubes and then weighed by electronic
balance, which is marked as M.

B. The preparation of solution of inhibitor

The author selects MgCl, NH4H2PO4 and water glass
to prepare solution of inhibitor at a concentration of 15%,
25% and 35% respectively. The solution is stirred with a
glass rod. D2010W electric agitator that the rotation speed
is 800r/min is used for 3 min after there is no obvious
precipitate so as to make the solution as uniform as
possible.

C. The test equipment and procedures

A self-designed pressurized water absorption device is
used for the test. As shown in Figure 2, it includes high-
pressure tank, steel wire mesh, pressure gauge, fluid input
valve, regulator, pressure pump, blow-down valve and so
on. During the test, the specimens are placed on the wire
mesh of high-pressure tank in turn. Then the tank is
closed, and the pressure pump, the regulator and the fluid
input valve are opened in turn. The compression pressure
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is set to 7MPa, and the cumulative pressure time is 3d.
Open the blow-down valve to discharge the exhaust waste
after the pressurized water absorption. After cleaning the
surface solution with a wet towel, the specimens are
weighed by electronic balance, which is marked as M.
Calculate the moisture increase of every specimen and
take the average. The above steps are repeated to test the
moisture increase of the coal samples in the 6 kinds of
inhibitors, and the moisture increase can be calculated by
the following formula.

5=(&—1}<100
M

In the above formula, 6 is moisture increase of the
specimen in %, M is the original weight of the specimen
in g, M1 is the weight of the specimen after absorbing
water in g.

(5

./

7

—{><}—
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1. High-pressure tank; 2. Pressure gauge; 3. Fluid input valve; 4.
Regulator; 5. Pressure pump; 6. Steel wire mesh; 7. Blow-down valve; 8.
Coal specimen;

Fig. 1. The equipment of pressurized water absorption

D. The test results and analysis

The test results of pressurized water absorption are
shown in Table 3.

TABLE IIl. THE TEST RESULTS OF PRESSURIZED WATER ABSORPTION
The
averag
e
The ~ Weights _ mcilestu
Types Conce  number Origin after ) Moistu incr
. h?g. ntratio of a_1| h absorbi e ! :;j *
inhibitor - weight ng Increas Gl
s ns sper::;me sM/g  water esl%  RIR
Mi/g ®E
5 H
1%
Aisa 170.04 173.08 1.79
15% As, 17113 17423 181 173
Asss 166.35  168.99 1.59
Aoy 177.51 179.94 1.37
MgClz o504 As, 17873 18152 156 152
Axss 166.59  169.31 1.63
Aszsy 183.03  184.92 1.03
35% Assn 183.77 186.21 1.33 1.14
Ass3 161.41 163.12 1.06
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Bisi 17487 17765 159
15% By, 17750 18046 167 171
Biss 17663 17993 187
NH:H,P Bsi 17013 17207 114
04 25% Bk, 17199 17445 143 136
Bs: 17838 18107 151
Bisi 17386 17523 079
35% Bk, 18130 18313 101 093
Bws 17627 17802 099
Ciss 16941 17166  1.33
1% ¢, 17143 17400 150 198
Cisa 17556 17891 191
Water Cwi 16924 17108  1.09
glass  25%  Cxs, 17086 17264 104 ..
Cwsa 17771 18011 135 :
Css 16519 16590 043
35%  Cwm, 18166 18295 071  0.62
Cusa 18242 18373 0.72

As is shown in Table 3, the average moisture increase of
the specimen after pressurized water absorption of inhibitors
varies from the variety and concentration of the inhibitors.
For different inhibitors, the average moisture increase of the
specimen is MgCl, > NHsH,PO, > water glass. For same
inhibitors, the average moisture increase of the specimen
declines with the increasing of solution concentration. When
the concentration of the inhibitor is 15%, the difference of
the average moisture increase in the 3 kinds of inhibitors is
not obvious, which is close to the natural saturated water
absorption of the coal. When the concentration of the
inhibitor is 35%, the average moisture increase in the
NH4H2PO, and the water glass is obviously smaller that is
only half of that in the inhibitor that concentration is 15%.

IV. THE MINIMAL APERTURE OF PORE THAT INHIBITORS ARE
INJECTED INTO COAL

In the pressurized water absorption test of coal, the pore
that allows the injection of inhibitors is called the injection
pore, which belongs to a part of the linked porosity. The
linked porosity rate can be tested by mercury intrusion
method. In fact, the pore only includes those that aperture is
more than 0.0078um and is linked with each other. The
linked porosity and the test results of pore distribution are
shown in Table 4.

TABLE IV. THE LINKED POROSITY AND THE TEST RESULTS OF PORE

DISTRIBUTION
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In the formula, 4% KRR FI5] FPE. is the average
moisture increase of the sample, pa is apparent relative
density of coal in mg/cmd,

Transform the formula (7):

w=p,n,'S (8)

According to the linked porosity of coal and the results of
pressurized water absorption test, the percentage of injection
porosity of linked porosity of the coal in different inhibitors
can be calculated (w), then compare with the distribution of
linked pore in Table 4, using the interpolation method, the
minimum pore diameter (dmin) for the different resistance
liquid to be injected by coal can be calculated. The
calculation results are shown in Table 5.

TABLE V. THE MINIMAL APERTURE OF PORE THAT INHIBITORS ARE
INJECTED INTO COAL
MgCl, NH;H,PO,4 Water glass
Items
15% 25% 35% 15% 2506 359% 15% 25% 35%
W/% 562 494 370 555 442 302 513 377 201
dmin/um  0.06 0.08 047 0.06 0.10 0.87 008 043 44

The linked porosity Pore distribution

1% < 001~ 01~ 1.0~ > 10um
0.0lpum  0.duym  1.0pum 10um K
431 26 29 17 18 10

If the injection porosity and the linked porosity meet the
following formula.

n,=wn, (6)

In the formula, ng is the injection porosity in %; ng is the
linked porosity in %; w is the percentage of injection
porosity of linked porosity in coal in % .

Assuming that the injection porosity can all be filled with
a inhibitor, the average moisture increase of the sample in the
inhibitor can be expressed as following.

5=ppn,W 7

As can be seen from Table 5, the minimal aperture of
pore that inhibitors are injected into coal is closely related to
the type and concentration of the inhibitor. The minimum
pore size of MgCl; solution that is allowed to enter the coal
at various concentrations was lower than that of NH4H,PO4
and water glass. The greater the concentration of the
inhibitor solution is, the smaller the percentage of injectable
porosity in coal is. The bigger the pore size of the inhibitor
solution is, the harder it is to inject. When the concentration
of the inhibitor solution is increased from 15% to 25%, the
minimum pore size allowed to infiltrate into MgCl. and
NH4H2PO, remains nearly unchanged, both between 0.06
and 0.10um , which is easier to inject. When the
concentration of the inhibitor solution turns into 35%, the
minimum size allowed to infiltrate into NH4H,PO,4 and water
glass becomes respectively 0.87um and 4.4um .This shows
the inhibitor solution is difficult to be injected into coal.

V. THE AMOUNT OF COAL INHIBITORS

In the process of advanced inhibition, the actual amount
of resistance which can be injected into the tons of coal pores,
is known as tons of coal resistance agent injection, it can be
calculated by using the following formula:

S 3

In the formula, Q represents the amount of tons of
resistance agent injection in kg, C is the concentration of
resistance solution in %.

The calculation results of the three kinds of inhibitors of
tons of coal resistance agent injection are shown in Figure 2.

It can be seen from Figure 2 that the dosage of MgCl; is
an increasing one, and the dosage of one ton of inhibitor
outnumbers that of NHsH,PO, and water glass at each
concentration. When the concentration of the inhibitor
exceeds 25%, the amount of the increasing rate slows itself
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down. When the concentration equals 35%, the injection
amount of the tonne of coal resistance agent becomes almost
the same as the amount of the tonne coal inhibitor injection
with a concentration of 25%. The curve of the injection
amount of tonne coal of NH4H2PO,4 and water glass firstly
increase and then decrease with the largest amount of tons of
coal resistance agent injection, respectively 3.40kg and
2.90kg at a concentration of 25%.

45 s— Mg Cly
E L3 NHdede_ . Q
_E 40+ —+—waterglass 4 80 393
2 35| -~
£3 - |
E ” 340 .
T o 326
E 30 / .
N el P "
= 25+ 2 5;.: .
g 237 E
E 20 ' 217
0
|J_: 1I-'| L 1 1 (]

—
=]
—
h

20 25 30 35 40

Inhibivor eoncentration o

Fig. 2. The injection amount of coal inhibitors

VI. CONCLUSION

(1) According to the pressurized water absorption, the
average moisture increase is related to the variety and
concentration of inhibitors. The average moisture increase of
specimens in MgCl, is the largest and declines with the
increasing of the solution concentration.

(2) When the concentration is 15%, it is easy for different
inhibitors to be injected into the coal pore but the injection
amounts of ton coal inhibition are not large and the effects of
inhibition are not ensured. When the concentration is 25%,
the minimal aperture of pore that inhibitors are injected into
coal in MgCl; and NHsH2PO4 is from 0.08 to 0.10pm and the
injection amounts are large and the effects are the best. When
the concentration is 35%, NHiH,PO, and water glass are
difficult to be injected into the coal pore.

(3) Considering the injection effects and costs, MgCl;
that the concentration is 25% can be selected to the advanced
inhibition for the 3 upper coal seam in Nantun mine.
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