
Experimental research on the
water precipitation performance
of polymer colloid and fly ash
colloid and their applications as
fire extinguishing materials in
mines

Yuyang Shang1,2*
1College of Safety Science and Engineering, Xi’an University of Science and Technology, Xi’an, Shaanxi,
China, 2Shaanxi Key Laboratory of Prevention and Control of Coal Fire, Xi’an University of Science and
Technology, Xi’an, Shaanxi, China

In this paper, polymer colloid and fly ash colloid fire extinguishing materials are
selected. Through experimental preparation and water precipitation
characteristics research, colloid fire extinguishing materials and optimal
concentration ratio suitable for Binchang mining area are selected to
effectively control the fire area. The results show that, the higher the
concentration of polymer colloidal powder mixed with water, the shorter the
gelling time. After the fly ash is mixed with the gelling agent and water, when the
concentration ratio of fly ash to water remains the same, the greater the
concentration of the gelling agent, the shorter the gelling time. After the
colloid is left standing for 24 h, the smaller the concentration is, the more
water is precipitated, and the higher the water precipitation rate is. Through
comparison, it was found that when the polymer colloid was selected as the fire
extinguishing material, with the concentration ratio of polymer colloid material to
water being 3.5%–4%: 96.5%–96%, effective control could be achieved over the
fire zones in the goaf of Binchang mine. The research is of great reference value
for the control of mine fires.
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1 Introduction

China is rich in coal resources, with its output and consumption being among the world’s
highest (Qi and Kuan, 2011). The disasters in mines are complex and of various types, and
fires caused by spontaneous combustion of coal are one of the most serious mine disasters
(Querol et al., 2011; Liu et al., 2020; Onifade and Genc, 2020), which can easily cause
casualties, environmental pollution and property losses (Deng et al., 2017; Wu et al., 2018; Li
et al., 2019; Song et al., 2020). Data show that fire incidents caused by spontaneous
combustion of coal account for more than 90% of the mine fires (Su et al., 2016; Ma
et al., 2022). With the improvement of the safety level of coal mines, the spontaneous
combustion of coal seams is mainly managed by the principle of “prevention first and
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prevention and treatment combined” (Zhang, 2018; Liu et al., 2022),
which has put forward higher requirements for the fire extinguishing
materials used in mines.

At present, grouting technology is the most widely used
technology to inhibit coal spontaneous combustion because of its
low cost (Colaizzi, 2004; Wen et al., 2017). The grouting technology
mainly includes slurry grouting, gel, three-phase foam, polymer
colloids and other materials (Liang et al., 2016). Domestic and
foreign researchers have carried out a lot of research on the
grouting technology and its application in fire extinguishment,
and achieved certain results. Based on the existing prevention
and control measures taken in Lijiata Coal Mine, Chen (2020)
proposed an emergency response plan for preventing
spontaneous combustion of coal by using fly ash thickened
colloid to wrap the broken coal body and block the leaking air.
Li et al. (2005) applied the fire prevention and extinguishing
technology of pipe-network-type composite colloid injection to
successfully control the large fire zone with complicated air
leakage situation in Shuangyashan Dongrong No.3 Mine, which
ensured the normal use of the rail going up the mountain and the
safety of the whole mine.Wang et al. (2017) developed a control plan
based on fly ash colloid grouting according to the characteristics of
the spontaneous combustion of coal in the Ewirgol Coal Mine,
which helped successfully extinguish the natural fires in this mine.
Yang et al. (2020) found that the fly ash composite colloid isolation
technology can be used to quickly deal with the complex fire zones in
Huashan Mine and the spreading and escalating fires there. In
response to the signs of spontaneous combustion of coal pillars
in the main tunnel of Huangling No. 2 Coal Mine in Shaanxi
Province, Yan (2015) used the polymer colloid fire prevention
technology to effectively deal with abnormal high-temperature
areas. Shi et al. (2018) analyzed the potential application of the
optimal concentration of surfactant in stabilizing fly ash suspension
to delay coal spontaneous combustion.

Fly ash used for grouting fire extinguishing can play the role of
isolation, encapsulation and cooling (Zhao et al., 2019). Polymer
colloid has the comprehensive characteristics of water retention,
cooling, plugging and inhibition (Zhang et al., 2011). The interface
properties of fly ash and polymer colloid material matrix are
different. Most researchers at home and abroad only study the
fire extinguishing technology for a certain material. In this paper, the
water precipitation and water loss of two kinds of fire extinguishing
materials, the polymer colloid fire extinguishing agent and the fly
ash colloid fire extinguishing agent, after being placed at different
concentrations for 24 h are studied experimentally. The optimal fire
extinguishing material and its concentration ratio suitable for
Binchang mining area are selected, and the amount of glue
injected into the filling roadway is calculated. The reasonable
injection process is adopted. The research conclusion can play a
good role in controlling the spontaneous combustion of loose
accumulation coal in underground goaf.

The subsequent sections of this paper are organized as follows:
Section 2 introduces the overview of the fire zones. Grouting of
ignition points in the working face for fire extinguishment is
elaborated in Section 3. Section 4 is dedicated to the
experimental study. Discussion is evaluated in Section 5. And
Section 6 describes the implementation of the fire prevention and
extinguishment project. Finally, conclusions are given in Section 7.

2 Overview of the fire zones

BinchangMine Field is located in the north of Taiyu anticline, in
which the main minable coal seams are prone to spontaneous
combustion of coal. In the mines of this mine field, the fully
mechanized top coal caving is mostly adopted for the coal
mining, resulting in large amount of float coal in the goafs, so it
is necessary to focus on preventing the fires caused by spontaneous
combustion of float coal in the goaf. The coal seam structure in the
mining area is complex, with developed endogenous fissures, and
the coal seam thickness is 12 m. In the process of tunnel excavation,
due to the local high pressure of the mine, the top coal body is
relatively broken, forming air leakage ways which constantly supply
oxygen, which has made it possible for heat storage. When the
temperature in the deep part of top coal is above 60°C, the CO
concentration will continue to increase and gradually spread along
the working face. Therefore, it can be judged that there are abnormal
high-temperature areas in the mine field, which have high risks of
spontaneous combustion of coal.

3 Grouting of ignition points in the
working face for fire extinguishment

3.1 Problems and solutions

The design and good application of mine fire prevention and
control is a complex, systematic process. At present, there are some
problems in the fire prevention and extinguishment technology and
equipment adopted in Binchang Mine Field and the basic research
on spontaneous combustion, specifically as follows: 1) with the
increase of mining depth, the mining process suffers more obvious
disturbances, and the geothermal gradient increases significantly,
but there is little research on the coupling effect of the spontaneous
combustion of deep coal seams under the influence of hot air
pressure; 2) in terms of monitoring and early warning, China
lacks an integrated fire monitoring and warning system against
both internal and external causes, and it is imperative to establish
such an integrated monitoring and prevention technology system
for coal mine fires that organically combines early fire monitoring
and warning and expert decision-making and analysis; 3) in terms of
fire control, besides high costs, the current fireproof materials are
not pertinent enough to completely control the high-temperature
areas, resulting in frequent re-ignitions, and the professional
equipment used by personnel are not intelligent enough; 4) in
terms of emergency rescue of mine fires, there has been a lack of
explosion hazard detection and control technologies in semi-
enclosed areas and special monitoring equipment for opening
and closing of fire zones to deal with the wide range of and
complex situations involved in the chain reaction disasters caused
by fires; 5) facing the worldwide problem—detection of hidden fire
sources, the drilling method used is costly and wasteful. The isotope
radon measurement method can be easily affected by air leakage,
and the remote sensing method is also susceptible to surface
radiation, lithology and geological structures of overlying strata.

So far, China has made great progress in the monitoring and
early warning of mine fires, the management of mine fires, the
emergency rescue of fire incidents, the comprehensive evaluation
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methods for fire hazards resulting from internal and external causes
in coal mines based on the Internet big data platform, and the
corresponding management platform technologies and equipment:
1) in terms of emergency rescue, small instruments such as gas
analyzers for detection of coal mine disasters have been developed,
among which, the portable infrared coal temperature monitoring
device can provide in-situ monitoring and analysis underground,
and the developed gas explosion-proof material can achieve the
explosion risk prediction and rapid protection against the
catastrophic environment of fire zones. 2) in terms of fire
prevention and control, the technologies of monitoring the
ignition points in hidden areas by electronic control and infrared
remote sensing methods have been developed, and new types of
aerosol and foam inhibitors and microorganisms have also been
worked out for fire extinguishment, large-aperture fire-fighting
drilling equipment have been developed against large-aperture
and loose coal bodies, short-distance composite inert gas cooling
and air plugging technologies have been explored for shallow buried
coal seams, and rapid cooling and fire-extinguishing equipment and
technologies, for high-temperature coal bodies.

3.2 Management plan

The coal seam in the affected working face has an inclination
length of 220 m and a thickness of 12 m, the length of the mining
area is 3 m, and that of the venting area is 9 m, with 40 m not
topped. The overall bottom length of the drill holes is 6 m, and
there are three rows of drill holes. According to the conditions of
the goaf, the grouting technology was adopted, which can
effectively control the spontaneous combustion of loose coal
body in the goaf.

The polymer colloid has the advantages of fast gelation
speed, simple process and less corrosive to the equipment,
which can effectively improve the water content in the fire
extinguishing agent and greatly improve the fire extinguishing
efficiency. The fly ash gelling agent can accumulate a large
amount of water after swelling in water, so that the mixed
slurry has great heat storage capacity and good thermal
stability. After dehydration, it can be stored in water again,
which has a good effect in preventing and controlling coal seam
spontaneous combustion fire. Therefore, polymer colloid fire
extinguishing agent and fly ash colloid fire extinguishing agent
were selected.

4 Experimental study

4.1 Experimental principle

In this experiment, polymer colloid fire extinguishing agent and
fly ash colloid fire extinguishing agent are used to control the
spontaneous combustion fire of loose accumulation coal in
underground goaf. After grouting in the goaf, the loose coal in
the lower layer of the accumulation body is wrapped by the water
precipitation of the colloid, and the heat in the loose coal-fired body
is replaced by the good thermal conductivity of the water, and the
colloid deposited in the upper layer is used to absorb the

replacement heat. Through these two experiments, the heat in
the loose self-fired coal body is removed to achieve a good
cooling effect.

4.2 Process of the experiment

4.2.1 Experimental materials
The experimental materials required for the preparation of

polymer colloid and fly ash colloid fire extinguishment agents are
shown in Table 1.

4.2.2 Steps of the experiment
The steps for the preparation of polymer colloid and fly ash

colloid fire extinguishing agents are shown in Table 2.
Figure 3 and Figure 4 compare the water precipitation

performance of polymer colloid and fly ash colloid fire
extinguishing agents with different concentrations, respectively. It
can be clearly seen that when the concentrations are different, the
water precipitation of the polymer colloid and the fly ash colloid fire
extinguishing agents is quite obvious.

4.3 Experimental results

All colloids can retain water—they canmake a certain amount of
water retained in the colloidal network framework and lose its
fluidity. The colloid fire extinguishing agent makes full use of the

FIGURE 1
Polymer colloid fire extinguishing agent.

FIGURE 2
Fly ash colloid fire extinguishing agent.
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water retention property to extinguish fires with water and also
makes up for the shortcoming of flowing water, that is, it is highly
fluid and unable to extinguish fires at high places such as the tops of
the tunnels and working faces. The more stable the structure of the
colloid, the greater the force between the colloid and water, and the
slower the water loss rate at a high temperature, which is very
conducive to prevention and extinguishment of coal mine fires. If
the water loss rate of the colloid is too high, the colloid structure will
be unstable and have a shorter useful life, making it difficult to
achieve the desired fire-extinguishment effect. The calculation of
water loss rate and water precipitation rate of colloidal materials is

helpful to study the water retention properties of the two colloidal
materials.

The formula for calculating the water loss rate is as follows:

Y � M1

M2
(1)

where, Y is the water loss rate of the polymer colloid fire
extinguishing agent, M1 is the mass reduction, and M2 is the
total mass.

The formula for calculating the water precipitation rate is as
follows:

TABLE 1 Experimental materials required for preparation of polymer colloid and fly ash colloid fire extinguishing agents.

Preparation of polymer colloid fire extinguishing agent Preparation of fly ash colloid fire extinguishing agent

Experimental
materials

Polymer colloid fire extinguishing agent (as shown in Figure 1), water, disposable
clear plastic cups, a stopwatch, and glass rods

Gelling agent, water, disposable clear plastic cups, a stopwatch, glass
rods, and fly ash (as shown in Figure 2)

TABLE 2 Steps for the preparation of polymer colloid and fly ash colloid fire-extinguishing agents.

Preparation of polymer colloid fire extinguishing agent Preparation of fly ash colloid fire extinguishing agent

Steps of the
experiment

1) Prepare the raw materials required for the experiment, such as polymer
colloid fire extinguishing material, disposable clear plastic cups, and glass

rods.

1) Prepare the raw materials required for the experiment, such as gelling
agent, disposable clear plastic cups, glass rods, and fly ash, etc.

2) Keep the concentration range of the polymer colloid fire extinguishing
material at 0.5%–5%, and mix it with water. Set control groups for the

polymer colloid powder by increasing its concentration at a rate of 0.5%, and
prepare 100 g of solution for each group.

2) Keep the concentration range of the gelling agent at 0.06%–2%, andmix it
with water and fly ash. Set control groups for the gelling agent by increasing
its concentration at a rate of 0.5%, and prepare 100 g of solution for each

group.

3) Prepare the polymer colloid fire extinguishing solution with a
concentration of 0.5%, where the required mass of the polymer colloid fire
extinguishing material is 0.5g, and the required volume of water is 99.5 ml.

3) Prepare the solution at a fly ash to water ratio of 1:1, and add 0.06%
gelling agent solution, which requires 0.06 g of gelling agent, 49.97 ml of

water and 49.97 g of fly ash.

4) Weigh the required substances with an electronic balance, pour them into the clear plastic cups, and label them separately for easy identification.

5) Weigh 99.5 ml of water with a measuring cylinder, and pour the polymer
colloid powder into the water, stir while pouring it to make it thoroughly

mixed, until it becomes colloidal, and record the gelling time.

5) Weigh 49.97 ml of water with a measuring cylinder, pour the gelling
agent into the water, stir while pouring it to make it thoroughly mixed, until

it becomes colloidal, and record the gelling time.

6) Mix all the group thoroughly and record the time, and then record the
quality of the colloid every 1 h, 2 h, 5 h, and 24 h, and observe the changing

trend of the colloid quality; after 24 h, record the volume of water
precipitated.

6) Mix all the group thoroughly and record the time, and then record the
quality of the colloid every 1 h, 2 h, 18 h and 24 h, and observe the changing

trend of the colloid quality; after 24 h, record the volume of water
precipitated.

FIGURE 3
Comparison of water precipitation properties of the polymer
colloid fire extinguishing agent with different concentrations (From
left to right, the concentrations of polymer colloid fire extinguishing
materials are 0.5%, 2.5% and 4.5%, respectively).

FIGURE 4
Comparison of water precipitation properties of fly ash colloid
fire extinguishing agent with different concentrations (From left to
right, the concentration ratios of fly ash to water are 1:1, 1:1.5, 1:2, 1:
2.5 and 1:3, respectively).
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P � V1

V2
(2)

where, P is the water precipitation rate of the polymer colloid fire
extinguishing agent, V1 is the mass reduction, and V2 is the
total mass.

4.3.1 Water loss rate/water precipitation rate of the
polymer colloid fire extinguishing agent

According to Eq. 1 and Eq. 2, the calculation results of the water
loss rate and water precipitation rate of the polymer colloid fire
extinguishing agent are shown in Table 3.

Figure 5 shows the changes of water loss rate and water
precipitation rate of the polymer colloid fire extinguishing agent
with different concentrations, and the effect of gelling time of
polymer colloid fire extinguishing material on water loss rate and

water precipitation rate is shown in Figure 6. It can be seen from
Figure 5 and Figure 6: 1) After the polymer colloid powder was
mixed with water, the higher the concentration, the shorter the
gelling time. 2) After the colloid was left standing for 24 h, the
smaller the concentration, the more the water precipitated, and the
higher the water precipitation rate. 3)When the concentration of the
polymer colloid fire extinguishing material was 4.5% and the
concentration of water 95.5%, the water loss rate was the
highest—2.48%, indicating that its water retention performance
was the worst. When the concentration of the polymer colloid
fire extinguishing material was 3.5% and the concentration of
water 96.5%, or when the concentration of the polymer colloid
fire extinguishing material was 4% and the concentration of water
96%, the water loss rate was the lowest—1.74%, indicating that its
water retention performance reached the best level. According to the

TABLE 3 Calculation results of the water loss rate and water precipitation rate of the polymer colloid fire extinguishing agent.

Group Concentration of the
polymer colloid fire

extinguishing
material/%

Water/
%

Gelling
time/s

Residual mass/g Water
loss

rate/%

Drainage/
mm

Total
volume/

%

Drainage
rate/%

1 h 2 h 5 h 24 h

1 0.5 99.5 56 99.82 99.71 99.46 97.69 2.31 35 53 66.04

2 1.0 99.0 47 99.62 99.60 99.36 97.59 2.41 27 52 51.92

3 1.5 98.5 34 99.78 99.66 99.42 97.78 2.22 21 50 42.00

4 2.0 98.0 31 99.75 99.60 99.36 97.75 2.25 16 48 33.33

5 2.5 97.5 29 99.93 99.90 99.80 98.22 1.78 11 51 21.57

6 3.0 97.0 19 99.69 99.65 99.45 97.90 2.10 6 52 11.54

7 3.5 96.5 13 99.96 99.94 99.83 98.26 1.74 3 51 5.88

8 4.0 96.0 12 99.94 100.05 99.83 98.26 1.74 0 50 0.00

9 4.5 95.5 8 99.33 99.38 99.16 97.52 2.48 0 49 0.00

10 5.0 95.0 6 99.91 99.94 99.70 97.94 2.06 0 50 0.00

FIGURE 5
Changes in the water loss rate and water precipitation rate of the
polymer colloid fire extinguishing agent with different concentrations.

FIGURE 6
Changes in the water loss rate and water precipitation rate of the
polymer colloid fire extinguishing agent with different gelling time.
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experimental results, it can also be found that the polymer colloid
after gelation has the following properties: 1) lower water loss and
better water precipitation. 2) higher fluidity before gelation, and
water precipitation after gelation, making it able to seal fluids.

4.3.2Water precipitation rate/water loss rate of the
fly ash colloid fire extinguishing agent

According to Eq. 1 and Eq. 2, the calculation results of the water
loss rate and the water precipitation rate of the fly ash colloid fire
extinguishing agent are displayed in Table 4.

Figure 7 is the variation curves of the gelling time with the
concentration of the gelling agent under different concentration
ratios of fly ash and water. As can be observed in Figure 7, after the
fly ash was mixed with the gelling agent and water, when the
concentration ratio of fly ash and water remained the same, the
greater the concentration of the gelling agent, the shorter the gelling

time. When the concentration of the gelling agent remained the
same, the greater the concentration of water mixed with fly ash, the
longer the gelling time. The changes in the water loss rate and water
precipitation rate under different concentration ratios of fly ash to
water are shown in Figure 8. After the colloid was left standing for
24 h, the smaller the concentration, the more water precipitated, and
the higher the water precipitation rate. Through comparison of the
water loss rate and water precipitation rate under different
concentration ratios, it can be found that when the concentration
ratio of fly ash to water was 1:1, and the concentrations of fly ash and
water were both 49.25%, the water loss rate reached the
maximum—4.53%, but the water precipitation rate was 0.5%,
which was not the lowest level, indicating that its water retention
performance was not the best. When the concentration ratio of fly
ash to water was 1:1.5, the concentration of fly ash was 39.40%, and
the concentration of water 59.10%, the water loss rate was the

TABLE 4 Calculation results of the water loss rate and water precipitation rate of the fly ash colloid fire extinguishing agent.

Fly ash:
water

Fly
ash/
%

Water/
%

Gelling
agent/%

Gelling
time/s

Residual mass/g Water
loss

rate/%

Water
precipitation/

mm

Total
volume/

%

Water
precipitation

rate/%1 h 2 h 18 h 24 h

1:1 49.97 49.97 0.06 51 99.43 99.31 97.86 97.04 2.96 1.00 3.0 33.3

49.72 49.72 0.56 35 99.40 99.27 97.94 97.13 2.87 0.40 3.9 10.3

49.50 49.50 1.00 25 98.63 98.47 97.14 96.39 3.61 0.05 3.9 1.3

49.25 49.25 1.50 18 97.58 97.40 96.13 95.47 4.53 0.02 4.4 0.5

49.00 49.00 2.00 15 98.58 98.43 97.08 96.40 3.60 0.01 4.0 0.3

1:1.5 39.98 59.96 0.06 55 99.41 99.31 97.97 97.23 2.77 1.70 2.9 58.6

39.78 59.66 0.56 37 99.73 99.61 98.34 97.56 2.44 0.80 3.6 22.2

39.60 59.40 1.00 27 99.54 99.37 98.08 97.32 2.68 0.20 3.9 5.2

39.40 59.10 1.50 21 99.87 99.70 98.46 87.75 2.25 0.10 3.8 2.6

39.20 58.80 2.00 20 99.51 99.43 98.14 97.43 2.57 0.05 4.0 1.3

1:2 33.31 66.62 0.06 57 99.47 99.34 97.97 97.23 2.77 2.10 2.3 91.3

33.15 66.29 0.56 38 97.71 97.58 96.28 95.56 4.44 0.60 3.3 19.2

33.00 66.00 1.00 31 99.72 99.55 98.33 97.64 2.36 0.50 3.7 14.2

32.83 65.67 1.50 22 99.72 99.56 98.26 97.67 2.33 0.40 4.0 10.0

32.67 65.33 2.00 20 99.54 99.43 98.16 97.44 2.56 0.40 4.2 9.5

1:2.5 28.55 71.39 0.06 63 99.48 99.36 97.91 97.12 2.88 2.10 2.6 81.6

28.41 71.03 0.56 51 99.71 99.60 98.33 97.62 2.38 1.50 3.0 50.0

28.29 70.71 1.00 35 99.57 99.46 98.25 97.56 2.44 1.20 3.2 34.5

28.14 70.36 1.50 27 99.61 99.49 98.26 97.58 2.42 0.90 3.2 28.1

28.00 70.00 2.00 22 99.16 99.02 97.67 96.94 3.06 0.90 3.4 26.4

1:3 24.99 74.95 0.06 75 99.66 99.58 98.08 97.28 2.72 2.20 3.0 73.3

24.86 74.58 0.56 58 99.70 99.57 98.19 97.52 2.48 1.90 3.1 61.3

24.75 74.25 1.00 37 99.88 99.66 98.40 97.72 2.28 1.60 3.4 47.1

24.63 73.88 1.50 28 99.65 99.47 98.12 97.41 2.59 1.20 3.5 34.3

24.50 73.50 2.00 24 99.15 98.99 97.57 96.82 3.18 1.00 3.6 27.8
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smallest—2.25%, but the water precipitation rate was 2.6%, which
was not the highest, indicating that its water retention performance
was not the best, either.

5 Discussion

Based on the two experimental results, we can make the
following analysis and discussion: 1) When the polymer colloid
to water concentration ratio in the polymer colloid fire extinguishing
agent is 4.5%: 95.5%, the water loss rate is the highest and the water
retention is the poorest. However, when the concentration ratio is
3.5%–4%: 96.5%–96%, the water loss rate is the lowest and the water
retention is the best. 2) When the concentration ratio is 5%:95%, the
gelling time is the shortest, but its water retention is not the best.
When the concentration ratio of the two is 0.5%:95%, the gelling
time is the longest, but the effect is not obvious, and the water
retention effect is not the best, either. 3) In the experiment where the
fly ash was mixed with water and gelling agent, it can also be found
that when the ratio of fly ash, water and gelling agent leads to the
shortest or longest gelling time, the water retention may not be the
best or the worst.

Both polymer colloid and fly ash colloid fire extinguishing
agents have their own advantages. The fly ash colloid material
has been used for a longer time, and has the advantages of low
price, non-toxicity and good permeability, but it also has its
disadvantages—large consumption, long gelling time, inability to
be accumulated in high places, poor fluidity, easiness to block

pipelines and easy cracking of the gel layer. While the polymer
gel material has good fluidity, good fire prevention and
extinguishment effect, and high strength of the gel layer, but it is
more costly. In the traditional fly ash slurry, water only adheres to
the surface of the fly ash particles, and since the fly ash slurry has no
three-dimensional network structure, the water retention
performance of the traditional fly ash slurry is poor. Through
comparison of the advantages and disadvantages of the two types
of materials, the polymer colloid fire extinguishing agent was finally
chosen to effectively control the spontaneous combustion of loose
coal in the goaf of Binchang mining area.

6 Implementation of the fire prevention
and extinguishment project

6.1 Colloid injection system and process

The grouting and colloid injection system mainly consist of the
ground portable grouting and colloid injection fire prevention and
fire extinguishing system developed by the coal fire disaster
prevention innovation team at Xi’an University of Science and
Technology, supported by the portable fire prevention and
extinguishment devices for mine use. The project was
implemented in a targeted manner. The process flow of the
colloid injection system is shown in Figure 9. The structure and
function principle of the portable fire prevention and
extinguishment devices for mine use are presented in Figure 10.

FIGURE 7
Variation curves of the gelling time with the concentration of the gelling agent under different concentration ratios of fly ash and water.
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6.2 Design and arrangement of glue
injection drilling

The colloid injection project used “polymer colloid” as the main
fire extinguishing medium. Based on the distance of 5 m between the
top of the two boreholes, it can be calculated that about 44 boreholes
should be drilled, and each borehole must be drilled into the goaf.
The total amount of colloid injected was calculated as follows: 9
(goaf) × 220 (inclination length of the working face) × 6 (overall
bottom length of the drilling holes) × 1.5 (fill factor) = 17,820 m3,

and the colloid injection volume for each drilling hole was about
405 m3. Through 44 fire extinguishing boreholes, polymer colloid
fire extinguishing agent was poured from high to low to fill the loose
coal in the goaf to achieve cooling and oxygen barrier.

In order to achieve the desired effect of colloid injection, the
fire extinguishing holes must be arranged with the underground
goaf as the center. By reference to the detection results of the fire
zones, the drilling positions should be arranged above the goaf
and the tunnel if possible, and avoid coal pillars. The holes should
be finished at the bottom plate of the coal seam, which was to be
injected with colloid. In order to first control the fire sources deep
in the fire zones, the holes should be arranged on the ground from
east to west and south to north, with deep holes first and then
shallow ones.

6.3 Notes for injection process

(1) Before the colloid injection, the air volume of the affected
working face was adjusted first, and the air volume was
reduced from 230 m³/s to 180 m³/s to reduce the air leakage
to the roof of coal seam. Considering the fluidity of the colloid,
the direct injection into the float coal on the roof may cause the
polymer colloid to flow into the tunnel, leading to the fall of the

FIGURE 8
(A-E) represent concentration ratios of fly ash and water of 1:1, 1:1.5, 1:2, 1:2.5 and 1:3, respectively.

FIGURE 9
Process flow of the colloid injection system.
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top coal and creating larger voids, thereby affecting the fire
extinguishing effect. Therefore, it is necessary to spray cement
mortar on the two sides and roof of the tunnel within the fire
zone first, and then densely drill holes in the roof of the tunnel to
ensure the effectiveness of the colloid injection process.

(2) The colloid injection equipment was placed in the tunnel near
the fire source, and through control of the valve, the colloid was
injected alternately, so as to ensure the continuity of colloid
injection. Then the two base solutions were pushed into the
mixer by two mud pumps to make the two solutions evenly
mixed, and then into the colloid injection holes through the
colloid output pipes. Injection can be carried out into two holes
at the same time.

(3) For a situation where the coal has spontaneously ignited and
there is an open flame, the polymer colloid is required to form a
gel quickly after being mixed at the sprayer outlet. Therefore, it
is necessary to use two feeding systems of the same model to
transport the two raw materials A and B to the ignition site, and
mix them with the sprayer to quickly form a gel to cover the
fire zone.

(4) During colloid injection into the holes, in a large goaf, the
parameters of colloid injection should be adjusted in time to
minimize the consumption of colloid provided that the desired
effect can be achieved. During the colloid injection, there should
be technical construction personnel both above surface and
underground to make timely adjustments to any abnormal

FIGURE 10
1-belt speeder, 2-polymer fire extinguishing agent quantitative feeding assembly, 3-colloidmaterial outlet, 4-material tank, 5-reducer, 6-explosion-
proof motor, 7-transmission chain, 8-screw pump, 9-screw pump inlet (mixture box), 10-ring water curtain tube, 11-water glass entrance, 12-seismic
pressure gauge, 13-screw pump outlet, 14-hand wheel water valve “a”, 15-water flowmeter, 16-water inlet, 17-hand wheel water valve “b”.

FIGURE 11
Schematic diagram of the inlet end injection (A) and (B) are the top view and main view of glue injection drilling construction, respectively).
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situations that occur and record the adjustments. For different
areas, the colloid filling process is slightly different, and
adjustments should be made according to the actual situation.

6.4 Application of polymer colloid fire
extinguishing materials during the
withdrawal period

By injecting polymer colloid material into the air inlet end of the
goaf, the cracks of the residual coal in the roof are blocked to form a
colloid isolation zone to prevent air leakage to the upper part of the
goaf. At the same time, the colloid isolation zone and the loess
isolation wall at the air inlet end form a plugging barrier together,
and the plugging effect is more obvious. Figure 11 is the schematic
diagram of the inlet end injection.

A grouting pipe with a diameter of 108 mm and a one-inch
injection pipe are embedded in the isolation wall, and polymer
colloids are poured into the wall to seal the inlet end of the inner side
of the isolation wall.

The polymer colloid material integrates the properties of plugging,
cooling, resistance and consolidation of water, and solves the problemof
slurry leakage and loss in traditional grouting. It is suitable for
underground sealing plugging and large-area glue injection fire
prevention and extinguishing such as final mining line and goaf. In
view of the field situation of the working face in Binchang mining area,
the polymer colloid fire prevention and extinguishing technology is
adopted. Practice has proved that the gel injection effect is good.

7 Conclusion

This paper selected two kinds of fire extinguishment
materials—polymer colloid and fly ash colloid, and conducted
experimental research on the water precipitation and water loss of
the above two types of colloids after 24-h standing at different
concentrations, and the polymer colloid fire extinguishing material is
used in Binchang mining area. The following conclusions are drawn:

(1) After the polymer colloid powder is mixed with water, the
higher the concentration, the shorter the gelling time. After
the colloid is left standing for 24 h, the smaller the
concentration is, the more water is precipitated, and the
higher the water precipitation rate is. The water loss of the
polymer colloid is lower after gelation, and on the other
hand, the water precipitation is better. It is more fluid before
gelation, and precipitates water after gelation

(2) After the fly ash is mixed with the gelling agent and water, when
the concentration ratio of fly ash and water remains the same,
the greater the concentration of the gelling agent, the shorter the

gelling time. When the concentration of the gelling agent
remains the same, the higher the concentration of water
mixed with the fly ash, the longer the gelling time.

(3) Through comparison of the water precipitation and water loss
performance of the two materials and their respective
advantages and disadvantages, the polymer colloid fire
extinguishing agent was selected to effectively control the
spontaneous combustion of loose coal in the goafs of a mine
in Binchang mining area.

(4) The colloid injection process mainly consisting of ground
mobile grouting and colloid injection system was adopted for
fire prevention and extinguishment in a mine of Binchang
mining area, supported by portable colloid injection devices.
A total of 44 holes were arranged, with a colloid injection of
405 m3 into each hole, to fill the loose coal bodies in the goafs,
which achieved cooling and oxygen barrier, and effectively
prevented and extinguished fires in the fire zones. In the
future, we can work hard on material ratio and optimization,
and continue to explore new fire extinguishing materials or
composite colloidal materials suitable for fire prevention and
extinguishing in Binchang mining area.
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