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Abstract—By performing Monte Carlo simulation, a reliability of mercury porosimetry, which is widely
used for determining the distribution of pore sizes of porous media is investigated. The hypothetical porous
media in which the exact distribution of pore sizes for differently given the pore lattice structures are known
is constructed on the computer and subsequently the mercury penetration-retraction simulation studies are
carried out. The tested types of porous media have 2-D square or hexagonal-triangular lattice structures,
respectively, and they have the pore structure as the spherical pores are located in each lattice sites and
these pores are bonded by the cylindrical capillary pores according to the given lattice type. Also, the tested
media have one of the distributions of pore sizes such as the normal, bimodal and skewed types. As the
results, we found that the average pore sizes for such media can be measured accurately by the method
of mercury porosimetry. However, the fraction of average distrubutions of pores measured by the method
tends to show higher values than those of the actual fraction. Also, the results show that the actual size
of pore sizes smaller than the average pore sizes can be accurately measured, however, the distribution
of pores larger than the average pore size is measured as it has lower fraction than those of actual fraction
of the distribution.
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Fig. 1. Schematic representation of pore structure.

(1) conversing pore structure, (b) diversing pore
structure.
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Fig. 2. Schematic diagram of pore structure and applied
pressure of mercury vs. cumulative volume fraction.
(1) paralle] bundle pore structure without entrap-
ment, (b) cylindrical pore network structure, (c)
cylindrical-spherical pore network structure.
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Fig. 3. Determining the radius, r, of sphere and the dupli-
cated volume and surface area.
(1) the case of Ri2r2>R,, (b) the case of r=R..
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Table 1. The entrapment fraction with varying the network

size

Size of Entrapment fraction(V,./Vye)
network Square network Triangular netvork

2020 0.112 0.081

6060 0.273 0.205

80X 80 0.295 0277

100X 100 0.301 0.280

120120 0.302 0.281
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Fig. 5. (a-1) Volume fraction of penetration and retrac-
tion for normal distribution in square net-
work(u=3000, c==300).

(a-2) Comparison RSD with the result of penetra-
tion.
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Fig. 5. (b-1) Volume fraction of penetration and retrac-
tion for normal distribution in triangular net-
work(u=3000, c=300).

(b-2) Comparison RSD with the result of penetra-
tion.



BHAEE ool 9@ b ohAS) £ AFARY A 23

penetration
retraction

cumulative volume fraction (v;/V)

7000 400G 3000 4000 3000 2000 1000

diaseter(A)
(a}
©.3
=
<
>
€
2
S oaf
|4
-
] penetration
2
o
4
real
J — —
o-o 1000 2000 3000 4000 3000 «000 7000

diameter{ A )
(b)
Fig. 6. (a) Volume fraction of penetration and retraction
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(b) Comparison RSD with the result of penetra-
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Fig. 7. (a-1) Volume fraction of penetration and retrac-
tion for skew-right distribution in square net-
work.

(a-2) Comparison RSD with the result of penetra-
tion.
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Fig. 7. (b-1) Volume fraction of penetration and retrac-
tion for skew-right distribution in triangular
network.

(b-2) Comparison RSD with the result of penetra-
tion,
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tion for skew-left distribution in square net-
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(a-2) Comparison RSD with the result of penetra-
tion.
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tion for skew-left distribution in triangular
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(b-2) Comparison RSD with the result of penetra-
tion.
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Fig. 9. (a-1) Volume fraction of penetration and retrac-
tion for bimodal distribution in square net-
work(u; =3000, p,= 1500, c=150).

(a-2) Comparison RSD with the result of penetra-
tion.
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Fig. 9. (b-1) Volume fraction of penetration and retrac-
tion for bimodal distribution in triangular
network(py, =3000, pu,=1500, c=150).

(b-2) Comparison RSD with the result of penetra-
tion.
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: diameter of pore [A]

: applied pressure of mercury [atm]

- radius of spherical pore [A]

: ranges of radius of spherical pore [A]

: random number between 0.0 and 1.0

: duplicated surface area between cylindrical pore
and spherical pore [A?]

: duplicated volume between cylindrical pore and
spherical pore [4%]

: surface tension of mercury [480 dyn/cm]

: contact angle of mercury [140°]

- mean diameter [A]

: standard deviation
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