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Abstract— Porometry is a characterization technique based
on the displacement of a wetting liquid from the sample
pores by applying a gas at increasing pressure. It is widely
used to measure minimum, maximum (or first bubble point)
and mean flow pore sizes, and pore size distribution of the
through pores. Porometry instruments are widely used to
measure pore sizes of material for application areas like
Acoustics, Fabrics, Medical instruments, Defense and Filters.
The Porometry instruments are mainly categorized in two
areas. First one is Analog Porometry instruments & Second
one is Digital Porometry instruments. In this paper the
overview of these instruments, their basic block diagrams
and its advantages & disadvantages are given. Some aspects
of digital Porometry instruments are also discussed.
Key words: Porometry, Porometer, Analog Porometry,
Digital Porometry

Fig. 1: Pore Size Calculations
The surface tension γ is a measurable physical
property and depends on the wetting liquid used. The
contact angle θ depends on the interaction between the
material and the wetting liquid.
In capillary flow Porometry, in opposition to
mercury intrusion porosimetry, the wetting liquid enters
spontaneously the pores of the sample ensuring a total
wetting of the material, and therefore the contact angle of
the wetting liquid with the sample is 0 and the previous
formula can be simplified as:
P= 4*γ/D.

I. INTRODUCTION
In capillary flow Porometry or simply known as Porometry,
an inert gas is used to displace a liquid, which is in the
pores. The pressure required to empty the pore corresponds
to the pressure necessary to evacuate the liquid from the
most constricted part of the pore. This most constricted part
is the most challenging one and it offers the highest
resistance to remove the wetting liquid. This parameter is
very relevant in filtration and similar applications since it is
important to know the smallest diameter of the through
pores.
The major testing materials are fabric, membranes,
paper, filtration and ultrafiltration media, hollow fibres,
ceramics and other porous materials. The major applications
of this instrument are in Acoustics, Fabrics, Medical
instruments, Defense and Filters.
In order to measure the pore size by capillary flow
Porometry it is necessary to process the samples with a
wetting liquid. An inert gas flow is used to displace the
liquid that is in the pores and the pressure required to empty
the most constricted part of the pore is measured. The most
constricted part of the pore is the most challenging one
because it offers the highest resistance to remove the wetting
liquid. This parameter is very important in filtration and
similar applications since it is essential to know the smallest
diameter of the through pores. This measured pressure
permits obtaining the pore diameter, which is calculated by
using the Young-Laplace formula:
P= 4*γ*cos θ*/D
In which, D is the pore size diameter
P is the pressure measured
γ is the surface tension of the wetting liquid and
θ is the contact angle of the wetting liquid with the sample.

II. BASIC BLOCK-DIAGRAM OF A POROMETRY INSTRUMENT
The basic Block diagram of a Porometry instrument consists
the components as shown in figure 2. They are explained as
below.
A. Pressure Tank:
It consists the pressurized gas, like Nitrogen/Oxygen. It is
used to send gas in the pressure chamber in controlled form
in order to testing the material.

Fig. 2: Basic Block diagram of a Porometry instrument
B. Solenoid Valve/Mechanical Valve:
This valve will turn ON of OFF the flow to the testing
chamber. Mechanical valve is used for manually controlled
systems. Solenoid valve is used for Electrically controlled
systems. Solenoid valve is an electro-mechanical valve that
turns ON/OFF according to the electrical signal given. It
will control the flow of gas.
C. Flow Controller:
Flow controller will control the flow of gas from 0% to
100% according to the analog input signal applied on it.
D. Pressure Transducer:
It will do measuring and scaling of gas pressure. The output
signal will be analog.
E. Manifold Valve:
It is same as the solenoid valve, but it will control the exit of
gases in system.
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F. Testing Chamber:
It contains a holding chamber which will hold the specimen
for testing.
III. MEASUREMENT METHODS
A. Pressure Scan
This is the traditional approach for pore size measurement.
In this method, the pressure increases continuously at a
constant rate (figure 3), which can be modified depending
the instrument and the user's requirements, and the gas flow
through the sample is measured. Again, the number of data
points acquired can be adjusted by the user.

Fig. 3: Pressure Scan Method
It is a fast and reproducible method that is
generally recommended for quality control work and for
samples with all pores identical. However, it is important to
take into account that when the samples present a complex
structure and with a considerable amount of pores of
different tortuosity it is possible that during the pressure
scan pores with the same diameter but longer pore path are
not emptied at the pressure corresponding to their diameter
(if the scan is fast there is not time to allow the gas flow to
displace the wetting liquid through the pore length). As
consequence, the pores with longer pore length will be
report smaller pore sizes than the actual ones.
B. Pressure Step
The pressure/step stability method represents an alternative
for the pressure scan method which permits a more accurate
measurement of the pore sizes. It takes into account the
different tortuosity and pore length of pores with the same
diameter. The acquisition of a data point is only carried out
after holding the pressure at a constant value for a userdefined time (figure 4) and also only after the gas flow
through the sample is stable, which is also defined by the
user.

Fig. 4: Pressure Step Method

This allows enough time for the gas flow to
displace the wetting liquid in long and tortuous pores of the
same diameter.
Therefore, the pressure step/stability method is the
most recommended one for research and development
applications. Additionally, the pressure step/stability
measuring principle allows measuring the true First Bubble
Point (FBP), in opposition to the pressure scan method,
which only permits calculation the FBP at the selected flow
rates. The FBP is defined by the ASTM F-316-03 standard
as the pressure at which the first continuous gas bubbles are
detected. In practice FBP is associated as the largest or
maximum pore size. The calculation of the FBP requires to
select a certain minimum flow (e.g. 30, 50, 100 ml/min) and
when it is achieved, record the pressure. Then this pressure
is used to calculate the FBP size.
The question is to select the minimum flow through
the sample and the major disadvantage is that this minimum
flow is different for every sample and it is not easy to
determine. If a certain minimum flow is selected for the
calculation it is possible that the largest pore in the sample
was already open for a while before that particular flow was
determined.
With the step/stability method it is possible to
measure the true FBP. When applying a constant gas flow,
before the opening of the largest flow the pressure increases
in a linear way. At the moment that the gas flow passes
through the sample via the largest pore the pressure increase
drops and it is this particular pressure the one that
corresponds to the FBP of the sample.
IV. MEASUREMENT OF PARAMETERS
Capillary flow Porometry permits obtaining several
parameters and information in one individual and fast
measurement.
In general, measurements with the wet sample is
carried out first. It is normally known as the "wet run" and
the representation of the gas flow vs. the applied pressure is
the so-called "wet curve". After the wet run the
measurement of the same sample in dry state is carried out
in order to register and analogous "dry curve". The half-dry
curve is calculated and represented by dividing the flow
values with respect to the applied pressure by 2 and it is also
represented in the same graphic.

Fig. 5: Theoretical wet & Dry Curves
From the representation of the three curves it is
possible to identify relevant information about the sample,
the maximum pore size (or first bubble point) is recorded
when gas flow through the sample is detected, the mean
flow pore size corresponds to the pore size calculated at the
pressure where the wet curve and the half dry curve meet (it
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corresponds at the pore size at which 50% of the total gas
flow can be accounted), and the minimum pore size results
from the Parameters measured pressure at which the wet and
the dry curve meet (from this point onwards the flow will be
the same because all the pores have been emptied).

This CDIF curve is often regarded upon as the pore size
distribution. Because we only use measured data points, we
do not use histograms for the pore size distribution graph.
A. Wetting Liquids:
The selection of the wetting liquid is important as it
determines the measureable pore size range for a given
pressure. Some common wetting liquids used in capillary
flow Porometry include water, alcohols, silicone oil and
perfluoroethers. The use of water and/or alcohols present the
disadvantage that they can evaporate and therefore the
samples can partially dry before the actual Porometry test
begins. Also water, for instance, has a relatively high
surface tension (γ=72dynes/cm) compared to perfluoroethers
(e.g. γ= 16 dynes/cm), which means that in order to measure
the same pore size using water as a wetting liquid it is
required to apply 4 times more pressure than when using a
perfluoroethers.

Fig. 6: Wet & Dry Curves
Apart from these individual pore sizes, the same
measurement permits the representation of the cumulative
filter flow distribution vs the pore size, which provides
information about the percentage of the cumulative total
flow through the sample that goes through pores of a larger
size than a certain value. Another information that can be
obtained from the measurements is the corrected differential
filter flow, which shows the flow distribution per unit of
change in size, i.e. the increase in flow rate per unit increase
in pore diameter. It is also defined as pore size distribution.

Besides the first bubble point, mean flow pore size
and smallest pore, information about the pore size
distribution can be obtained (similar to porosimetry and
particle sizing). These calculations are described in ASTM F
316-03.
From the wet and dry curve, three other curves are
derived from the measured data points. The differential
curve or DIF shows the percentage of pores present at a
certain pressure. The cumulative curve is the sum of all
differential values between 0 and 100 %. As the pressure is
inversely proportional to the diameter (P~1/D), an equal
pressure step at low pressure results in a larger pore size step
than the same pressure step for smaller pores.
For example, assume a pressure of 0.1 bar with a
0.05 pressure step. In terms of pore size (if a wetting liquid
with 16 dyn/cm is used), this means 6.4 μm (0.1 bar) and 4.3
μm (0.15 bar). At 2 bar the same pressure step of 0.05 bar
represents 0.32 μm (2 bar) and 0.31 μm (2.05 bar). To take
these differences into account, the DIF curve is recalculated
by dividing each fraction with the difference in pore size.
This curve is called the corrected differential curve or CDIF.

Fig. 7: DIF, CUM and CDIF curves of actual measurements
Silicone oil does not present the evaporation
drawback but its high viscosity makes the cleaning of the
equipment parts in between different measurements not
easy. Perfluoroethers have very low surface tensions and
low vapour pressures, which makes them immune to the
problem of evaporation. In general, they do not react with
samples neither cause their swelling. In principle there is no
universal wetting liquid and the choice of one or another
depends on the application and the type of sample to be
characterized. It is important to use always the same wetting
liquid when comparing results.
V. CONCLUSION
A Porometer measures gas flow as function of an applied
pressure. Typical curves for the wet and dry curve for a
filter or membrane are shown in figure 6. The wet curve is
measured to determine the pore sizes, the dry curve is
needed for the calculation of both the mean flow pore size,
smallest pores and the gas permeability.
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This tests are done for the determination of the first
bubble point. There are several ways to determine this
important parameter. The mean flow pore size or MFP is
calculated by the intersection of the wet curve and the socalled “half dry” curve. This “half dry” is the mathematical
half of the dry curve. Usually this coincides with the most
populated fraction of pores within a filter. The smallest pore
is calculated as the pressure where the dry meets the wet
curve.
REFERENCES
[1] EBRAHIM AKHONDI, FARHAD ZAMANI, JIA WEI
CHEW, WILLIAM B. KRANTZ, ANTHONY G.
FANE, “Improved Design And Protocol For
Evapoporometry Determination Of The Pore-Size
Distribution”, Journal Of Membrane Science - Elsevier,
September 2015
[2] JIANYE CHEN, XIAOSONG YANG, QING BAO
DUAN, COLIN PEACH, “Integrated Measurements Of
Permeability, Effective Porosity, And Specific Storage
Of Core Samples Using Water As The Pore Fluid”,
International Journal Of Rock Mechanics & Mining
Sciences – Elsevier, August 2015
[3] IOANA OPRIS, PETRE BLAGA, “Software
Adjustment Of Pressure Transducers”, International
Symposium On Advanced Topics In Electrical
Engineering - IEEE Transactions, 2015
[4] OSCAR JIMENEZ, OSCAR LUCIA, ISIDRO
URRIZA, LUIS A. BARRAGAN, DENIS NAVARRO,
“Design And Evaluation Of A Low-Cost HighPerformance Σ-δ ADC For Embedded Control Systems
In Induction Heating Appliances”, IEEE, 2013
[5] NEERAJ MAGOTRAL, KEVIN GORMAN, ALEENA
CUSSON, ALEX LUKOMSKI , “Real-Time Energy
Efficient
Embedded
System
Development
Methodology”, IEEE Transactions, 2013
[6] XIAOKUN YANG, JEAN H. ANDRIAN, “A LowCost And High-Performance Embedded System
Architecture And An Evaluation Methodology”, IEEE
Computer Society Annual Symposium On VLSI, 2014
[7] J.L. MONTEITH, G.S. CAMPBELL, E.A. POTTER,
“Theory And Performance Of A Dynamic Diffusion
Porometer”, Elsevier Science Publishers- Netherlands,
“Agricultural and Forest Meteorology”, page. 27-38,
1998.
[8] GUY GOGNIAT, TILMAN WOLF, WAYNE
BURLESON, JEAN-PHILIPPE DIGUET, LILIAN
BOSSUET AND ROMAIN VASLIN, “Reconfigurable
Hardware
for
High-Security/High-Performance
Embedded Systems: The SAFES Perspective”, IEEE
Transactions On VLSI Systems, page. 144-155, 2008.
[9] GUL N. KHAN, “Fault-Tolerant Architecture for High
Performance Embedded System Applications”, IEEE
Conference, page 384-389, 1998
[10] HAO-FENG XU, KANG-HE XIE, WEN-JUN WANG,
“Compressibility of pore fluid of unsaturated soils and
pore pressure parameter”, Electric Technology and
Civil Engineering (ICETCE), page , 2011
[11] DAVID C. CHAPMAN and ROBERT L. PARKER, “A
Theoretical Analysis Of The Diffusion Porometer”,
Elsevier Science Publishers, page 9-20, 1981

All rights reserved by www.ijsrd.com

567

