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Abstract Methane explosions threaten the safety
of industrial security in modern society. To suppress
such explosions, experiments were made through
using different masses of bentonite power driven by
CO, within a pipe network set up in an independ-
ent way. The three factors, including the peak over-
pressure of an explosion, the index of the explosion
power, and the time length within which the first
wave of flames reached the pipe network’s outlet,
were measured to evaluate the performance. Moreo-
ver, an analysis on the mechanism of suppressing
explosions was also conducted. According to the
results, a gradual increase of the powder mass from
20 to 50 g could promote the effect of explosion sup-
pression, but a further increase from50 g to 60 g only
led to a slight improvement of the performance. Thus,
it was concluded that the use of 50 g of bentonite
powder worked best for the suppression of methane
explosions when environmental conservation, energy
saving as well as practicality were all taken into con-
sideration. What was found in this study is supposed
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to shed theoretical light on how to transport methane
safely with disaster risks reduced effectively.

Article highlights

(1) Explosion suppression performance of bentonite
powder was studied in pipe network.

(2) The inhibitor parameters with the best perfor-
mance obtained are more universal.

(3) The mechanism of explosion suppression was
discussed based on molecular dynamics theory.

Keywords Methane explosion - Experimental pipe
network - Bentonite powder - Explosion suppression
performance - Explosion suppression mechanism

1 Introduction

Methane is a kind of fuel as well as an important
raw material for wide industrial use and manufactur-
ing. However, due to its characteristics of flammabil-
ity and explosiveness, explosions might occur when
methane is transported or utilized (Khan et al. 2017;
Qin et al. 2018), which result in not merely enormous
economic losses but also irreparable personnel dam-
age (Jia et al. 2022a; Ajrash et al. 2017). For this rea-
son, it is urgent and significant to figure out measures
that can effectively suppress methane explosions.
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Previous research has suggested using water mists,
inert gases, porous media substances, and solid pow-
ders to suppress potential methane explosions (Kundu
et al. 2016; Jia et al. 2022b, c; Zhou et al. 2021). In
the case of employing water mists, its mechanism
lies in two aspects, that is, cooling the endothermic
process and diluting methane. In a high-temperature
environment where evaporation happens continu-
ously, fine water mists can effectively cool down and
dilute flammable methane. Besides, the possibilities
of methane explosions can also be reduced effectively
through suppressing flame structures to be formed
(Chen et al. 2021; Wei et al. 2022; Deng et al. 2022).
It has been confirmed that inert gases have the effect
of diluting flammable gases, delaying the explosion
reactions and mass-transfer processes of these gases,
and decreasing flame waves’ degree of heat transfer.
Additionally, inert gases can also lead to the con-
tinuous decline of the unburned gas’s shock-wave
compression, put off the transfer of heat mass from
the burned zone to the unburned zone, prevent flame
waves from interacting with shock waves, and eventu-
ally restrain the extensive formation of flame waves
(Zhang et al. 2022, 2021; Zhao et al. 2022). Porous
media substances are complicatedly pore-structured,
which makes free radicals more likely to collide
within pore walls than to engage in explosion reac-
tions, thus mitigating shock waves and reducing flame
waves (Yuan et al. 2021; Wang et al. 2020).

Solid powders have the advantages of being pol-
lution-free and easy for storage or transportation,
so they have been widely researched as materials to
inhibit methane explosions (Li et al. 2022). Powder
explosion suppression technology uses a solid powder
with fire prevention and extinguishing capabilities and
uses its physical or chemical properties to inhibit the
spread of a gas explosion flame, reduce the explosion
range and reduce the explosion loss (Li et al. 2023;
Dong et al. 2022). When a solid powder is utilized as
an inhibitor in a flammable gas explosion, its absorp-
tion of a huge quantity of heat in the pyrolysis process
will result in a dramatic drop in the temperature of the
explosion reaction zone and subsequently stop further
chain reactions of the explosion. Meanwhile, sub-
stances generated from the powder’s being pyrolysed
will function as free-radical catchers, thereby inhibit-
ing the explosion reaction (Yan et al. 2022; Shi et al.
2022; Zhang et al. 2015). Wang et al. (2017a) con-
ducted gas explosion suppression experiments with
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different powders. Their results indicated that the
explosion suppression performance of ultrafine ABC
powder was better than those of ultrafine silica pow-
der and magnesium hydroxide powder. The small size
and surface effect of the ultrafine powder enhanced
the chemical activity of the explosion-suppression
powder, and the ultrafine powder enhanced its heat
absorption capacity during gas explosion. Molecules,
atoms, free radicals, etc., from the gas explosion reac-
tion were more easily adsorbed by the inhibitor, the
concentrations of free radicals decreased, and the
gas explosion was effectively suppressed. Yu et al.
(2014) modified waste red mud from the aluminium
industry to obtain ultrafine modified red mud powder
explosion suppression materials. Through experimen-
tal comparisons, it was found that the peak explo-
sion pressure of the modified red mud was reduced
by 30% when it was used as an explosion suppressor.
Wang et al. (2017b, c¢) prepared a bicarbonate/red
mud composite powder with a core-shell structure
by using modified red mud with bicarbonate powder.
Their results showed that the explosion suppression
performance of the modified sodium bicarbonate/red
mud explosion suppression powder was better than
that of a single explosion suppression powder. Sun
et al. (2019) mixed aluminium hydroxide, ammonium
polyphosphate and porous kaolin to obtain a com-
pound powder and tested its explosion suppression
performance. The results demonstrated that, com-
pared with a single-component powder, the explosion
suppression performance of the modified or compos-
ite powder was more prominent.

As a common fuel, methane brings convenience
to the national economy and to peoples’ lives. How-
ever, with increases in daily transportation distances,
explosion accidents caused by methane leaks pose
serious threats the lives, health and safety of people.
There have been few studies focused on suppressing
methane explosions in pipeline networks, and the
related research is still in its infancy, so the general-
ity and practicability of conclusions obtained from
existing studies on suppressing methane explosions in
confined spaces are very limited. Therefore, research
on effective methods for suppressing methane explo-
sions in pipeline networks is important in improving
the safety of methane transport and use. By com-
prehensively analysing the characteristics of exist-
ing powder detonation inhibitors, we found that the
molecules in the high-efficiency detonators have large
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specific surface areas, layered pore structures and
good thermal desorption characteristics, all of which
play a role in inhibition of the detonation process
(Kang et al. 2016). As a natural metal-based powder,
bentonite also has the above characteristics. However,
little research has been reported on the use of benton-
ite for methane explosion suppression.

For the purpose of guaranteeing the security of
transporting methane within the existing pipe net-
work, it is of significance to promote the safety level
of methane delivery under current conditions with
effective collaborative approaches to inhibiting meth-
ane explosions. Through experimenting with the uti-
lization of CO,-driven bentonite powder to inhibit
methane explosions in a pipe network, the study
probed into the performance as well as the underly-
ing mechanism of this practice, and what was found
is expected to be theoretically referable for personnel
and sectors that are responsible for safe transportation
and use of methane.

2 Experimental setups
2.1 Experimental test system

As shown in Fig. 1, the size of the experimental
pipe network was 8100 mm X 5500 mm. The experi-
mental system is made up of four components: a
pipe network, a system that generates inert gas, a
system that gathers real-time date dynamically, and
an ignition system. Apart from the core equipment
to acquire real-time dynamic data at high speeds
(model CR6300), a photo-sensitive flame sensing
devices (Model CKG100) and high-accuracy pres-
sure sensing devices (Model CYG1721) were also
included in the system for real-time dynamic data
collection (Model TST6300). The equipment for
acquiring real-time dynamic data had an accuracy
of 0.2% FS (on a full scale); both the flame sens-
ing devices and the pressure sensing devices had a
response time of 1 ms. As for the ignition system,
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its main components consisted of a DX-GDH high
energy igniter, power cables, cables resistant to high
voltages and temperatures, high energy spark plugs
at the explosion chamber’s front end, and external
triggering units to which the ignition control box
was linked via a wire. The ignition voltage in the
explosion chamber reached approximately 2200 V
and it could store 30 J energy at a time.

2.2 Experimental procedures

Bentonite powders manufactured by Aladdin Bio-
chemical Technology Corporation in Shanghai were
utilized as the experimental samples for methane
explosion suppression, whose particle sizes ranged
from 28 pm to 46 pm and whose masses varied from
20 g, 30 g, 40 g, 50 g to 60 g. The suspension of
bentonite powder particles in the pipe network was
driven by 20% volume fraction of CO,, and the pres-
sure for injecting methane was 0.2 MPa (Jia et al.
2022b; Zhang et al. 2022; Wang et al. 2019).

The pipe network was cut off from the explosion
chamber using a polytetrafluoroethylene film. As
shown in Fig. 1, altogether 8 pressure sensing devices
were installed separately at different points for meas-
urement, and 2 flame sensing devices were installed
separately at two different outlets in the pipe network
to measure the times of flame waves reaching the out-
lets when the explosion broke out. After pumping the
air out of the explosion chamber, methane with 9.5%
volume fraction of air was injected into the pipe net-
work. Then, as seen in Fig. 1, bentonite powders were
sprinkled on the inner surface of the pipe, following
which was jetting air for 15 s (Niu et al. 2019). The
next step was to ignite the gas. The external trigger-
ing device was switched on; in the meanwhile, the
system for acquiring real-time dynamic data began
working simultaneously with the igniter. Immediately
after switching on the signal light, ignition was per-
formed by way of pressing the start button on the trig-
gering device.

To effectively reduce the errors in measurements
of the experimental data, each group of experiments
was repeated three times, and the experimental
result was taken as the arithmetic mean of the three
experiments.
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Fig. 2 Particle size distribution of the powder samples

2.3 Powder particle size distribution

Different sizes of sieves were utilized to screen out
the sampled bentonite powders of varied sizes. Then,
a laser particle-size analyzer (Model Winner 2018)
was employed to test how the sampled bentonite pow-
ders were distributed in size within the range of the
four given particle sizes. The test data is presented in
Fig. 2.

According to the data presented above, the sam-
pled bentonite powders intended for the experiment
were largely consistent in size, with over 90% of them
in conformity to what was required for the bentonite
powders in the experiment. Hence, they could satisfy
the conditions designed for the explosion.

3 Results and discussion

3.1 Suppression performance for explosion
overpressure peak value

The time-history curves of explosion overpressure
at each monitoring point under the action of carbon
dioxide driving different masses of bentonite powder
are shown in Figs. 3,4, 5,6, 7, 8,9 and 10.

Figure 3 shows the explosion over-pressure
experienced many times of fluctuation when no
measure was taken to inhibit the explosion, which
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implies many times of super-positions and hedg-
ing occurred to the explosion shock wave during
the entire spreading process. This was attributed
to the special structure of the pipe network, where
the explosion shock wave was propagated in a dis-
ordered and complicated manner. In this case, the
explosion over-pressure reached many times of high
point, and the highest one was 432.69 kPa. How-
ever, a sequence of suppression treatments resulted
in the weakening and ultimate disappearance of the
disordered and complicated shock wave, and led to
the explosion over-pressure only reaching one sin-
gle peak.

In general, the overpressure evolution processes
for the other monitoring points were similar to that
for monitoring point 1. As shown in Figs. 4, 5, 6,
7, 8, 9 and 10, when the mass of bentonite pow-
der was increased from 20 g gradually to 50 g, all
monitoring points saw their highest value of the
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explosion over-pressure declining remarkably, but
when the mass of bentonite powder was increased
to the level of 60 g, the outcome was different: half
of the 8 monitoring points (1, 2, 3, 7) witnessed a
slight decline in the peak over-pressure while the
other half monitoring points (4, 5, 6, 8) remained
unchanged. This result disclosed that, within the
pipe network, all the 8 monitoring points would see
their peak over-pressure value go downward when
the mass of bentonite powder was increased gradu-
ally within the range from 20 to 50 g, and that the
monitoring points near the explosion source would
experience a slight decline in the peak over-pres-
sure value when the mass of bentonite powder was
increase from 50 to 60 g while those distant moni-
toring points away from the explosion source would
see no change in the peak over-pressure value. To be
put in another way, 60 g or above of bentonite pow-
der exerted certain but insignificant effect on the
suppression of methane explosion in the monitoring
points near the explosion source, and no effect at all
in those distant from the explosion center.

3.2 Suppression performance for the explosion
power index

The average rate of increase in the explosion over-
pressure is defined as:

P max P 0
V= ——— 1
At M
where P_,, represents the explosion over-pressure’s

highest value (kPa), P, stands for the explosion over-
pressure’s initial value (kPa), and A ¢ represents the
time length during which the explosion over-pressure
rose from the initial value to the highest value.

The destructive force of a methane explosion is
primarily measured by the explosive power index,
which is represented as follows (Yang et al. 2018):

K=P_,v )

where K is the power index (10'! Pa%s), P, is the
peak value of the explosion overpressure (kPa), and
v is the average rate of increase in the explosion over-
pressure (kPa/s).

Equation (1) measured at what rates on aver-
age the explosion over-pressures changed at
all monitoring points when different masses of
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Table 1 Overpressure peak values and overpressure rise rates at each monitoring point under all operating conditions

M, M, M, M, M, M, My

M,

Mass of

Pmax

Pmax

Pmax

Pmax

Pmax

Pmax

Pmax

Pmax

powder (g)
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Fig. 11 Explosion power index of each monitoring point
under different conditions

CO,-driven bentonite powder were utilized to sup-
press the experimental methane explosion (as seen
in Table 1). Then, all monitoring points’ explosion
power indexes were obtained by combining Eq. (2)
with the data about the average changing rates
of the explosion over-pressures at all monitoring
points, as shown in Fig. 11.

Figure 11 presents how all the monitoring points
explosion power indexes changed when differ-
ent masses of CO,-driven bentonite powder were
used to inhibit the explosion. As shown in Fig. 11,
the changing tendencies of all monitoring points’
explosion powder indexes are in consistency with
the changing tendencies of their over-pressure peak
values when different masses of CO,-driven benton-
ite powder were used, which indicates some kind of
correlation between the two group of values. With
the mass of CO,-driven bentonite powder increased
from 20 to 50 g, all monitoring points’ explosion
power indexes were dropping evidently. Afterwards,
with the mass of bentonite powder increased to
60 g continuously, all monitoring points’ explosive
power indexes kept almost the same.

When the mass of bentonite powder was increased
continuously above the critical value of 50 g, all the
8 monitoring points varied slightly in the peak explo-
sion over-pressure, but their explosion power indexes
showed consistent changing tendencies. Under the
conditions of applying 60 g bentonite powder to the
pipe network, certain monitoring points did see a
slight decline in the peak explosion over-pressure, but
their explosion power indexes were almost the same

@ Springer
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as those when 50 g of bentonite powder was applied,
which implied that the effect of utilizing 60 g of ben-
tonite powder to inhibit methane explosion shock
waves showed no difference from that of using 50 g
of bentonite powder. This finding supports the con-
clusion that the optimal amount of bentonite powder
applied to the pipe network for the inhibition of meth-
ane explosion over-pressures was 50 g.

3.3 Suppression performance for explosion flame
wave fronts

Figure 12 presents the changing tendencies of time
lengths during which explosion flame waves rushed
at two different pipe network outlets under the con-
ditions that different masses of CO,-driven bentonite
powder were utilized to suppress the explosion. As
disclosed in Fig. 12, it took much less time for the
flame waves to arrive at Outlet 1, which was due to
the shorter distance of Outlet 1 from the explosion
source when compared with Outlet 2. With the mass
of bentonite powder increased gradually from 20 to
30 g to 40 g and to 50 g, the flame waves were inhib-
ited from further spreading, and the time lengths that
flame waves required to arrive at the two pipe net-
work outlets were growing longer. Under the condi-
tions of applying 50 g of bentonite powder, its per-
formance of suppressing the flame waves from being
propagated reached the peak. However, when the
mass of bentonite powder was continuously increased
to 60 g, the time that the flame waves required to get
to Outlet 1 was only prolonged for 1 ms, and the time
that the flame waves required to get to Outlet 2 was

@ Springer

almost the same as that in the case of using 50 g of
bentonite powder. On the whole, the way of increas-
ing the amount of bentonite powder from 50 to 60 g
exerted weak effect on the further inhibition of flame
waves from spreading. Thereby, taking practicality
into consideration, the application of 50 g of benton-
ite powder to the inhibition of flame waves of a meth-
ane explosion could achieve the best performance.

3.4 Discussion

Previous research on the utilization of a specific sub-
stance to inhibit methane explosions is based largely
on experiments made in horizontal straight pipes or
spherical containers with fixed volumes, which is evi-
dently limited (Jiang et al. 2021; Shang et al. 2019).
For this reason, we experimented with using varied
masses of CO,-driven bentonite powder to suppress
methane explosions in the environment of a pipe
network. When no measure is taken to inhibit meth-
ane explosions, shock waves as well as flame waves
spread in a disordered and nonlinear manner. Further-
more, the explosion power index as well as the over-
pressure peak does not decline regularly in a linear
manner with the distance increased from the explo-
sion center. But the bentonite powder achieved the
best effect in suppressing the methane explosion in
the unique structure of the pipe network when exam-
ined by measuring the time spent by the flame waves
arriving at two separate outlets of the pipe network.
With the powder mass added from 20 g gradually to
50 g, the flame wave spreading to the more distant
outlet witnessed a large time increment gradient.
Such features were not observed when explosion sup-
pression experiments were performed in horizontal
straight pipes or spherical containers. Hence, it could
be said that the unique structure of a pipe network
was conducive to the inhibition of a methane explo-
sion particularly when the optimal conditions were
created for that. Besides, all the eight monitoring
points saw their highest explosion over-pressures as
well as explosion power indexes change linearly in
the pipe network, which was similar to but was not
totally the same as the changing pattern in the envi-
ronment of a straight horizontal pipe. Though this
finding only justifies the need to investigate into the
inhibition of methane explosions in a pipe network,
it is still a universally applicable conclusion that 50 g
of CO,-driven bentonite powder had the best effect
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on suppressing methane explosions within the unique
structure of pipe networks.

In brief, through examining the three parameters
of highest explosion over-pressures, explosion power
indexes as well as the time lengths consumed by
flame waves to arrive at the pipe network’s two sepa-
rate outlets, it is concluded that a mass of CO,-driven
bentonite powder, ideally not exceeding 50 g, has
significant effect on methane explosion inhibition
through stopping flame waves as well as shock waves
from further propagating. A mass of bentonite pow-
der that exceeds 50 g, however, cannot enhance this
effect in the actual situation of pipe-networked explo-
sion inhibition but merely leads to accumulated dust,
which not only increases environmental burden but
also gives rise to waste of energy and resources. Fur-
thermore, excessive masses of the suppressant also
have the potential to interfere with the real suppres-
sion outcome (Bu et al. 2020; Dai et al. 2022). Out of
these considerations based on the experimental obser-
vation and results, 50 g is suggested as the optimal
mass when CO,-driven bentonite powder is utilized
for the inhibition of methane explosions in the envi-
ronment of pipe networks, and the highest suppres-
sive performance can be fulfilled in this case.

4 Discussion of the explosion suppression
mechanism

Bentonite powder is prone to thermal decomposition
because of its pyrolytic properties, which determines

102 1.0
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Fig. 13 TG-DSC curve of the bentonite powder

its high performance in absorbing heat. Such mate-
rial characteristics indicate that bentonite powder can
chemically restrain the spread of flame waves away
from the central point by inhibiting the chain reac-
tion of a methane explosion. Additionally, as car-
bon dioxide has chemical as well as physical effects
of suppressing gas explosions, a methane explosion
can be inhibited both chemically and physically by
utilizing CO,-driven bentonite powder (Uddin 2008;
Babushok et al. 2017).

With regard to bentonite powder’s physical effect
of inhibiting explosions, it is presented in Fig. 13
through the curves of thermogravimetry—differen-
tial scanning calibration (TG-DSC). Structural water
gets lost when a water molecule is formed by releas-
ing two hydroxyl groups (Guo et al. 2005). Moreover,
the bentonite powder is able to absorb 279.36 J/g of
energy when pyrolyzed. These results confirm that
bentonite powder’s pyrolytic properties are outstand-
ing. In the experimental methane explosion, when the
bentonite powder was decomposed with heat, water
vapor was released. This led to the dilution of oxygen
as well as the absorption of much heat, which thereby
suppressed the reaction process. Since in the explo-
sion reaction, the loss of heat surpassed the release of
heat, the environmental temperature dropped below
the ignition point of methane. Therefore, the methane
explosion was physically suppressed to some degree.
Additionally, CO, is an inert gas able to lower the
fuel-air ratio. Through decreasing reactants’ concen-
tration in the explosive reaction, CO, can hinder heat
from transferring to the flammable gas. Particularly,
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Fig. 14 Molecular XRD analysis result
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Fig. 15 Bentonite single-cell molecular model

it produces an environment where oxygen molecules
are less likely to come into contact with the flamma-
ble gas, thus reducing the effective surface of their
contact and ultimately inhibiting the explosion physi-
cally (Okulik and Jubert 2003).

To understand chemical suppression, the XRD
results for bentonite powder are shown in Fig. 14.
Based on these results, the most active (101) plane of
the bentonite crystals was used to analyse its molecu-
lar characteristics.

In this paper, crystal structure parameters were
predicted in detail and compared with the results
from experiments, which verified the rationality of
the calculated parameters.

Figure 15 shows the single unit cell model estab-
lished by optimization of the bentonite (101) crystal-
line plane. In the figure below, the yellow balls rep-
resent silicon atoms, the red balls represent oxygen
atoms, the pink balls represent aluminium atoms, and
the green balls represent calcium atoms.

The combustion and explosion flames for hydro-
carbons such as methane contain positive and nega-
tive ions, and most of them are positive ions. The
flame has a positive potential overall, and large num-
bers of active radicals, such as «O and «H, are gener-
ated in the explosion flame. It has been confirmed that
electric charge affects the probability of collisions

@ Springer
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Fig. 16 Bentonite single-cell molecular model

between reactive radicals in a flame (Wang et al.
2022a). Therefore, studying the electrostatic proper-
ties of explosion-suppression powders can reveal the
microscopic reactions occurring between these pow-
ders and radicals in the flame.

Figure 16 shows an isosurface diagram for the sur-
face electrostatic potential of the bentonite molecular
model. The isosurface value was set to 0.025, and the
areas where the electrostatic potential is negative are
blue.

As illustrated in Fig. 16, the bentonite molecules
have negative charges on the surface, and these
charges were aggregated by van der Waals forces.
This proved that bentonite was easily attacked by
electrophiles. Using this phenomenon, it can be
understood from a macro perspective that bentonite
serves as an inhibitor of reactions between methane
and oxygen, the reactants are continuously consumed
during the overall reaction process, and the concen-
trations of the reactants are effectively reduced, which
suppresses the explosion.

When bentonite powder is dehydrated ther-
mally, metal ions are released and come into com-
bination with -O, H-. Then the generated -OH acted
as a reactant to participate in the chemical reac-
tion of the methane explosion (Wang et al. 2022b).
The chain reaction after suppression is changed
to 0+CO+M—CO,+M, O+HCO—H+CO,,
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Dilute the concentration of combustible
gas, reduce the probability of effective
molecular collision
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Fig. 17 Explosion suppression mechanism diagram

O +CH,CO—CH,+CO,, OH+CO—H+CO,,
HO,+CO — OH +CO,, and CH+ CO, —HCO+CO.

A series of reactions described above play a role of
combining with free radicals that are released in the
chain reaction of the methane explosion. In this way,
less free radicals are left to participate in the subse-
quent explosive reaction, which reduces the speed of
the the methane explosive reaction and hence causes
chemical inhibition in the end (Li et al. 2019).

In summary, the specific process of carbon diox-
ide-driven bentonite powder to suppress methane
explosion in pipe networks is shown in Fig. 17.

5 Conclusions

The main conclusions of this study are summarized
as follows:

1. The physical properties of bentonite powder,
which is easily decomposed by heat, determine
that it has good endothermic properties. The
total energy absorbed by bentonite powder dur-
ing the whole pyrolysis process was 279.36 J/g.
Furthermore, the negative charges on the surface
of bentonite molecules are easily attacked by
electrophiles (such as methane), the reactants are
continuously consumed during the whole reac-
tion process, the concentration of reactants is
effectively reduced, and the methane explosion is
suppressed.

2. The flame waves as well as the shock waves in
a methane explosion can be effectively inhibited
from propagating in a pipe network by employ-
ing CO,-driven bentonite powder. This inhibiting
effect could be gradually strengthened through
increasing the mass of bentonite powder from the
initial 20 g to 50 g, but it would decline when the
powder mass was continuously increased to 60 g.
Hence, with environmental conservation, energy
saving and practicality taken into comprehensive
consideration, 50 g of bentonite powder was the
optimal volume when applied to the inhibition of
methane explosions as it achieved the best perfor-
mance.

3. The unique structure of a pipe network was con-
ducive to the inhibition of a methane explosion
particularly when the optimal conditions were
created for that. Besides, all the eight monitoring
points saw their highest explosion over-pressures
as well as explosion power indexes change line-
arly in the pipe network, which was similar to but
was not totally the same as the changing pattern
in the environment of a straight horizontal pipe.
Though this finding only justifies the need to
investigate into the inhibition of methane explo-
sions in a pipe network, it is still a universally
applicable conclusion that 50 g of CO,-driven
bentonite powder had the best effect on suppress-
ing methane explosions within the unique struc-
ture of pipe networks.
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