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Abstract — In order to study the effect of confining pressures on filterability of single structure briquette coal, this paper sets three 
schemes of seepage experiments. First scheme, inlet water pressure affects the filterability. Second scheme, confining pressure 
affects the filterability. Third scheme, axial compression affects the filterability. All of these experiments use briquette coal as 
specimens. The results shows that Filterability of coal briquette becomes larger while the inlet water pressure gets greater, and 
under conditions of low water pressure, filterability of coal briquette increases first and then decrease with the increase of inlet 
water pressure. Both inlet water pressure and confining pressure have an effect on filterability of coal briquettes. To determine the 
influence of other factors further experimental studies are needed.  
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I. INTRODUCTION  
 
Coal is a kind of special organic rock which is formed in 

the complex geological environment, its internal structure is 
very complex, and it changes with the change of bearing 
stress. In the nature state, the coal is mostly in a state of three 
axis stress, while during of coal mining, due to the 
redistribution of confining pressures, the stress state will 
change with mining, then leading to reconstruction and 
development of the coal pore and fissure structure. And 
because the filterability of coal is mainly affected by the 
control of its internal structure, the filterability of coal will 
change constantly. Therefore, researching the variation 
characteristics during the deformation of coal is of great 
importance in seepage law of coal, and also important to 
evaluating the hydrogeology condition in roof and floor of 
coal mining and water inrush control in mining influence 
spaces. 

Coal Filterability is an important parameter to describe 
the internal pore structure of coal, and is related to the 
internal structure, external stress, pore pressure etc. There are 
such researches on filterability at home and abroad. 
Understand the mechanics and transport properties of fluid 
through a fractured rock (Singh et al [1], 2015). How the 
flow influent on crack (Gurbanov et al [2], 2015; 
Gensterblum et al [3], 2014), the flow includes CO2 
(Masoudian et al [4], 2013; Jasinge et al [5], 2011) and water 
(Perera et al [6], 2011). Damage evolution and permeability 
variation are influenced by the confining pressure (Arson et 
al [7], 2013). There are studies use new methods to 
determine the rock mass permeability (Kayabasi et al [8], 
2015; Shin et al [9], 2015; Adhikary et al [10], 2015). They 
also introduce different models which can predict 
permeability (Perera et al [11], 2013; Schmitt et al [12], 
2013). Applicability of the 'cubic law' for non-Darcian 
fracture flow (Ranjith et al [13], 2011). What the influence of 
the state of stress on the permeability of coal is (Konecny et 

al [14], 2011). Study on the evolvement of permeability 
under the pressure (Izadi et al [15], 2011). The researches 
greatly enriched the rock seepage method, and laid a solid 
foundation for underground work excavation and 
comprehensive control of coal mine gas. But the study above 
rarely involve the solid-liquid coupling, they are mainly 
about gas seepage, while there are short of the experimental 
study on water seepage inside the coal. Based on the 
situation, this paper contains an experiment to study on coal 
filterability under confining pressures and water pressure, in 
order to provide essential basis for studying the seepage 
characteristics, evaluating the seepage law about coal rock 
during the underground coal mining. 

 
 

II. PREPARATORY STEPS OF EXPERIMENT 
 
In this experiment, we use coal briquettes which made of 

pulverized coal of 40 meshes, the radius of 2.5 cm, and 
length is 10cm. Experiment on the coal briquettes with axial 
compression strength of 0.6 MPa. 

Test required pulverized coal from the Songzao coal 
mine in Chongqing. Coal quality soft hands can crush. After 
the coal samples were shipped back to the lab, using a 
pulverizer pulverized and screened with a sieve particles. 
Select the test a 40 mesh sieve was pulverized, and the 
pulverized coal into the sieve good standard mold(show as 
figure 1). The loading pressure is 100MPa with a material 
testing machine(show as figure 2-a). A diameter of 50mm, 
height of 100mm briquette specimens was made after the 
pressing process to keep the pressure steady 30min 
compression (show as figure 2-b). 

In order to simulate flow properties of coal specimen, do 
not add any specimen within briquette binder, only adding an 
appropriate amount of water. Some studies show that, 
although briquette coal and original coal samples there are 
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some differences in the pore volume, the peak intensity and 
the degree of deformation, etc., but their variation but has a 
good consistency. The results also show that coal specimen 
can replace coal penetration test study, and because of the 
unanimous request when coal production to discrete small, 
so that the test has good reproducibility For subsequent 
experiments comparative study has a great advantage. 

 

 
Figure 1.  Pressing mould for coal briquette 

 

    
   a. Coal briquette                          b.  Material testing machine. 

 
Figure 2.  coal briquette and material testing machine 

 
Before the test, using high pressure pipe to combine 

metering pump with tester, complete the apparatus. Connect 
the inlet end of metering pump with water(constant pressure), 
then take the coal briquette specimen out of constant 
temperature storage box, fixed between top and bottom 
indenters of pressure chamber, make specimen contact the 
indenters(with symmetrical holed on the whole disk) closely. 
Then cut an 18cm length hot pyro-condensation pipe to seal 
tightly, put radial extensometer in the center of the specimen, 
and debug it by computer system to confirm there are no 
mistakes. In the end, check the whole system and ensure 
it(show as figure 3). 

Based on the Darcy’s law about filterability: 
 

PA

LQ
K





                                                             (1) 

Where: Q is flow, μ is viscosity, lookup that the 
viscosity of this test is 1cp (i.e. 1mpa•s), L is length of 
specimen, P is pressure difference, A is cross sectional area. 

    

 

Figure 3.  Seepage experiment schematic diagram. 

 
In order to research the way that confining pressure affect 

filterability in similarity conditions, the detail experimental 
scheme is: 

First scheme, inlet water pressure affects the filterability: 
set initial axial compression value as 4 MPa, confining 
pressure as 4 MPa, increase inlet water pressure from 1 MPa 
to 3 MPa (gradient is 1 MPa), observe the inlet water 
pressure how to affect the filterability. Measure the water 
yield of outlet, then count the filterability by Darcy’s 
equation. 

Second scheme, confining pressure affects the 
filterability: this test just increase confining pressure, observe 
the confining pressure how to affect the filterability. Fix the 
axial compression as 6 MPa, inlet water pressure as 1 MPa, 
increase confining pressure from 2 MPa to 7 MPa(gradient is 
1 MPa). At each stage of the confining pressure, wait for 
forming stable seepage, count the filterability after 
measuring the flow. 

Third scheme, axial compression affects the filterability: 
set initial inlet water pressure value as 2 MPa, confining 
pressure as 5 MPa, observe the axial compression how to 
affect the filterability. Increasing axial compression by 
degrees until the specimen destroyed. Select 7 axial 
compression values as observation point to count filterability 
by measuring the flow. 
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III. RESULTS AND ANALYSIS 

A. Experimental Results 

Measure the filterability of coal briquette specimen in 
different confining pressure, experimental data are shown in 
table 1. 

 
TABLE I.  RESULT OF EXPERIMENTS UNDER DIFFERENT STRESS 

STATES 

σ1 
/MPa 

σ3 
/MPa 

σw 
/MPa 

Q 
/ml 

P 
/MPa/cm 

Permeability 
/10-6Darcy 

4 4 1 3.0 0.1 509.3 

4 4 2 6.5 0.2 551.8 

4 4 3 11.4 0.3 645.1 

6 2 1 3 0.1 509.3 

6 3 1 2.7 0.1 458.4 

6 4 1 2.3 0.1 390.5 

6 5 1 2.1 0.1 356.5 

6 6 1 1.7 0.1 288.6 

6 7 1 1.5 0.1 254.7 

5 5 2 5.7 0.2 483.9 

8 5 2 4.1 0.2 348.0 

12 5 2 3.2 0.2 271.6 

14 5 2 3.0 0.2 254.7 

16 5 2 2.9 0.2 246.2 

18 5 2 3.1 0.2 263.1 

20 5 2 3.3 0.2 280.1 

20.6 5 2 3.7 0.2 314.1 

Where σ1 is axial compression, σ3 is confining compression, σw is axial 
stress, Q is outlet water, P is pressure gradient. 

 

B. Influence of Inlet Water Pressure on Filterability of 
Coal Rock 

 This test confirm the seepage reached steady state 
or not by the variation of water volume of outlet which 
changes with time, when the water volume increase stably 
with time, that is to say when they render a linear 
relationship, we can confirm the specimen reaches steady 
seepage, thus the filterability of this situation can be seen as 
under the stress state. 

The stable 1 shows that with the increase of water 
pressure, the filterability of coal briquette specimens 
increased. Inlet water pressure rise 1 MPa, the filterability of 
coal briquette specimen increased 8.34% and 15.89% each 
one, it follows from this that the increase of water .pressure 
has a promotion effect on the increase of filterability. The 
main reason is the coal briquette specimen is made of 
pulverized coal, there are much pores and fissure inside 
which constitute the channel of the pressure water flow. 

C. Influence of Confining Compression on Filterability of 
Coal Rock 

Keep the axial compression and water pressure 
unchanged, analysis the influence of confining pressure on 
filterability by change the confining pressure. The altering of 
confining pressure can change the inner pore and fissure 
structure of coal rock, and then affect the filterability. 
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Figure 4.  Relationship between filterability of coal briquette and 
confining pressure(Second scheme). 

 
The  figure 4 show that the filterability of coal briquette 

decreased with the increase of confining pressure, but 
decreased gradually, and there was a clear inflection point. 
From figure 1, the effect of confining pressure on filterability 
of coal briquette is basically a process of increasing and 
decreasing. First of all, when the confining pressure is low, 
filterability decreases with the rise of it, and amplitude and 
higher, up to every 1 MPa filterability decreases 19%; 
peaked at 19%, on filterability effects of confining pressure 
begin to fall, finally when the confining pressure is 7 MPa, 
each 1 MPa 11.7% low permeability filterability increase fell 
significantly. The filterability of coal briquette specimen 
decreased continuously with increasing confining pressure, 
this is mainly due to the increase in confining pressure, pores 
inside coal briquette closed gradually, porosity became 
smaller correspondingly, seepage channel partially closed, 
resulting in the capacity of water goes through the coal 
briquette decreased, the filterability decreases constantly. 
While for the coal briquette specimens, filterability reduction 
was increased first and then decreased, mainly due to the 
initial stage, as the coal briquette specimen is a kind of 
micro-heterogeneous mass, its internal contains a large 
number of defects, and there are some certain fissure 
structure inside it, only a very small confining pressure can  
make the original pore and fissure structure compress, so the 
filterability reduction is very obvious, and the overall trend is 
increasing; but in the subsequent loading process of 
confining pressure, due to micro fissure of coal briquette has 
tended to close, so the confining pressure increased 
filterability reduction amplitude significantly reduced. 
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D. Comparison of the Effects of Confining Pressure and 
Inlet Water Pressure on Filterability of Coal Briquette 
Specimen 

This experiment selected 7 axial compression as test 
point, include the whole stage of coal briquette specimen on 
complete stress-strain, from the curve, it is the same as a 
complete stress-strain curve, experienced four stages(figure 
5). In the first stage of pressure-penetration curve, due to the 
porosity of coal briquette, itself exists large of pore structure, 
with the increase of axial compression, these micro-injury 
fractured begin to close, this stage is the nonlinear 
compression stage, micro fissure and pores are main 
channels for water to flow in, compressive fissure makes the 
flow channel of water were partially closed, thus it affects 
the filterability, it can be observed that in this stage 
filterability continued to decline. In the second stage of the 
pressure-penetration curve, i.e. linear deformation stage, 
stress strain curve of coal briquette specimen test should be 
linear change, with the increasing of the axial stress, 
pulverized coal extrudes each other constantly, and occurs 
dislocation, which resulting in the original void of pulverized 
coal is filled with other particles, then further impeding the 
flow of water. In this stage, the filterability of coal briquette 
continues to decline, and reaches the minimum value of 
filterability, and it shows that seepage channels are 
completely closed, even to its maximum extent. In the third 
stage, i.e. the plastic yield stage of specimen. In this stage, 
there is shear motion inside the coal briquette specimen 
under the axial compressive, produce new fissures. When the 
pores of the coal briquette is extended to a certain degree, 
pores connects, then it will break inside, and continuous 
develop. But due to the effects of shearing motion of coal 
briquette, dislocation is occurred, making produced new 
fissures block. So in this stage, compared with before, 
filterability of coal briquette specimen certainly rises, but not 
much. In the fourth stage, the residual load creep stage, 
continue to apply force near the peak intensity to coal 
briquette specimen, axial strain increases constantly. In this 
process, axial stress remains unchanged. The specimen 
compresses in axial, extends in transverse, which makes 
filterability still certain increase but not much, just at a 
normal level. Need to pay attention to is that due to the 
limitation of triaxial test machine, in order to read out the 
water volume, can only take the force control to study the 
filterability of specimen. Affected by this, this experiment 
did not test the filterability of peak of coal briquette 
specimen, so the observed data is only occurred before the 
peak, but through the experimental data can also summarizes 
the related rules. In the complete stress-strain process, with 
the increase of the axial stress, filterability decreased due to 
the closing of pores, and reduced to the minimum the at the 
yield strength. Then as the fissures started to expand and link 
up, filterability improved and after peak strength reached the 
maximum. It can be seen that when peak strength, 
penetration is still rising, the maximum value of filterability 
lags, the peak filterability occurred after the peak strength. 
Coal briquette further develops after the destruction, will 
reach the peak filterability. 
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Figure 5.  Relationship between axial compression and filterability under 
confining pressure in 5 MPa (Third scheme). 

Figure 6.   
 

IV. CONCLUSIONS 
 
(1)  Filterability of coal briquette becomes larger while 

the inlet water pressure gets greater, and under conditions of 
low water pressure, filterability of coal briquette increases 
first and then decrease with the increase of inlet water 
pressure. 

(2)  Filterability of coal briquette becomes lower while 
the confining pressure gets greater, and under low confining 
pressure, filterability of coal briquette increases first and then 
decrease with the increase of confining pressure. 

(3)  Experimental results shows that, both inlet water 
pressure and confining pressure effect on filterability of coal 
briquettes, as for the influence about other factors, further 
experimental studies are needed. 
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