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Porosity – very important quantity - especially for 

insulating materials. 

Determination on the basis of bulk and matrix density

knowledge (material in dry state).

ρv is bulk density[kg m-3] 

ρmat is matrix density[kg m-3]

Higher porosity (can be 90% and more) – better 

insulating properties

How to measure bulk density – gravimetric method, 

pycnometry.

How to measure matrix density – vacuum saturation

method, pycnometry.



GRAVIMETRIC METHOD – Simple measurement method

Measurement of dry sample mass

Measurement of sample volume

The shape of commonly used samples is prism, cube or 
cylinder. Due to regular shape is possible to calculate
desired volume.

In case of random sample shape, determination of volume 
can be problematic – other methods can be used e.g. 
pycnometry



ARCHIMEDES WEIGHT MEASUREMENT

mv – mass of sample saturated by water

ma – mass of sample measured in water

ρl… liquid density

where



VACUUM SATURATION METHOD

Determination of saturation moisture content

and matrix density

Weight ms = md,  mv, ma

Determination of volume
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PYCNOMETRY – determination of matrix density

- Volume measurement is replaced by measurement of mass.

- Pycnometer – Vessel with a given volume (e.g. 25 ml, 50 ml, 100 ml, 
200 ml).

- Cap contains a capillary allowing to flow excess liquid away (given 
volume includes also capillary).

- Pycnometer is suitable for determination of liquid dense and matrix 
density of solid materials.

- Used liquid can not react with measured material.



PYCNOMETRY – determination of matrix density

- Measurement of sample volume is replaced by weighing including 
four steps:

1.Weight determination of dry and empty pycnometer (with cap).

2.Weighing of pycnometer with measured substance.

3.Weighing of pycnometer contains measured sample and liquid (in 
our case water)

4.Weighing pycnometer with used suitable liquid.

(all measurements is necessary to carry out with cap)



PYCNOMETRY – density of materials

Volume measurement is replaced by measurement of mass.

Pycnometer – Vessel with a given volume (tap with cappilary).

ρl… density of liquid [kg m-3]

m1… mass of dry specimen [kg]

m2 … mass of pycnometer with specimen and liquid [kg]

m3… mass of pycnometer with liquid [kg]

mk… mass of liquid [kg]

Pycnometer mass is always measured with the tap.



Modern helium pycnometer

Helium atom is very small – it can fulfill small pores.

Dry specimen is moved into the vessel. Second vessel is 
fulfilled by helium. Then it is pumped over to the vessel with 
specimen. By changes of volumes and pressures, the 
density of specimen is calculated. 



Distribution of pores in materials

• Porosity doesn’t give all the necessary information 
about porous structure. There is a need to know 
amounts of pores of a given diameter.

It can be used by:

• Mercury Intrusion Porosimetry – it is common
determination of pores according their diameter.

• Gas porosimetry – measuring medium is nitrogen, 
helium. For determination of micropores (nm scale). 
Supplement of MIP curve.

• Optical porosimetry – determination of macropores
(higher than 700 μm), supplement of MIP curve –
right side.

• Output – several types of curves

- cumulative curve

- distribution curve

- frequency curve



Liquid behaviour in capillaries

a) Capillary elevation

b) Ideal liquid

c) Capillary depression

Mercury embodiesa capillary depression. It is necessaryto usean external

pressureto movethemercuryinto theporesof a givendiameter.

Constantsat agiventemperatureandpressure(laboratoryconditions):

Surfacetensionof mercury0,48 N m-1

Wettingangleof silicatesq= 130°

radius[m] –>

pressure[Pa] –> p
r

Q
-=

cos2g



Mercury porosimeterPASCAL 140 a 440

Tested sample is placed into glass container and after evacuation glass vessel is filled by 

pure mercury. During the measurement, pressure is gradually applied in the first step 

from vacuum up to 100 kPa and in the second step from 100 kPa up to 400 MPa due to 

loading of hydraulic piston.

Low pressure measurement allows to access pore size diameter approximately from 100 

to 3.8 μm and high pressure arrangement allows to recognize pore size diameter 15 –

0,003 μm.



Mercury porosimetry measurement

1) Evacuationof dry specimens.

Poresareempty.

1) Filling upof a vesselby mercury.

Small amountof mercuryis movedto

the biggest pores by hydrostatic

pressure.

1) Increaseof externalpressure–smaller

poresarefilled by mercury)

Smallpressure

(0,003ï0,13 MPa)

radius4µm–100µm.

High pressure(0,13ï400MPa)

radius3 nm –4 µm.



Pore distribution curve

Cumulative curve –givesinformationaboutameasurementprocess.

Pressureis increasingin steps,volume of mercury inside the specimenis

increasing. You canreadthegraphfrom theright sideto theleft side.

Y axis–amountof mercuryinsidethespecimen–cm3 g-1 (cm3)

X axis–pores’diameter(radius)–(mm, mm, m)

Distribution curve –gives information about the significant pores’diameters

(radii). You can see peaks in the graph and this information can tell you

somethingaboutbehaviourof water/saltsolutioninsidetheporousbody. Some

pores(with a givendiameter)cantransportwaterby capillaryforces,smalleror

bigger pores cannot. You can decide how will material behavein dry/wet

cycles.

Y axis–amountof mercuryinsidethespecimen–cm3 g-1 (or cm3)

X axis–pores’diameter(radius)–(mm, mm, m)
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Cement paste ïsmall pores

that appears after a

cementhydration

Cumulative curve –>

Distributioncurve



Renovation plaster ï big

poresthat can accumulate

a significant amount of

salts.

Cumulative curve –>

Distributioncurve



Brick

Cumulativecurve –>

Distributioncurve
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Matrix density

Brick historical 2693.0 kg.m-3

Brick 2683.9 kg. m-3

Sandstone 2669.9 kg. m-3

HPC 2760.2 kg. m-3

Wood 1542.7 kg. m-3

Technicalhemp 1364,6 kg. m-3

XPS 1239.7 kg. m-3

EPS 1096.5 kg. m-3

Rockwool 2411.3 kg.m-3

Celluralconcrete 2359.6 kg.m-3

Lime plaster + metakaolin

PM02 2574.0 kg. m-3

PM10 2554.0 kg. m-3

PM22 2434.0 kg. m-3

Geopolymers

T71 2391.2 kg. m-3

T72 2245.2 kg. m-3

T74 2358.7 kg. m-3


