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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)

Pc=100%(1- -2 [9%]
P

p, is bulk densitykg m]
Pmat IS Matrix densitykg mr3

Higher porosity (can be 90% and more) — better
Insulating properties

How to measure bulk density — gravimetric method,
pychometry.

How to measure matrix density — vacuum saturation
method, pycnometry.



GRAVIMETRIC METHOD - Simple measurement method
Measurement of dry sample mass
Measurement of sample volume

m. 3
= ko m™].
P = kg m™]

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.qg.
pycnometry



ARCHIMEDES WEIGHT MEASUREMENT

SAMPLE HANGER

DIGITAL BALANCE
[' )
WATER LEVEL
% +——WATER RESERVOIR

\MEASURED SAMPLE

(SAMPLE SIZE 40/40/40 mm)

. —m
m 3 _ "y a =3
— S =
P = kgm®].  where ¥ @ [kg m™],
[

m, — mass of sample saturated by water
m, — mass of sample measured in water
p,--- liquid density




VACUUM SATURATION METHOD

Determination of saturation moisture content
and matrix density

Weight m, = my, m,, m,
Determination of volume

\V = m, - m, [m3]
r
Saturation moisture content w,
W, =), = m - 1T [kg m~]
V
Matrix density
LM,

) [kg m-3] - y, open porosity of material

mat ~ V(l- Yo
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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.
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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).

1
m, — (m2 _’771)

s IO/ [kg m-3]7

pl)l(lf =

p,-.. density of liquid [kg m3]

m,... mass of dry specimen [kg]

m, ... mass of pycnometer with specimen and liquid [kg]
ms... mass of pycnometer with liquid [kg]

m,.... 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 um), supplement of MIP curve —
right side.

» Output — several types of curves
- cumulative curve
- distribution curve
- frequency curve




a) b) c)

B %

Liquid behaviour in capillaries
a) Capillary elevation
b) Ideal liquid
c) Capillary depression

Mercury embodiesa capillary depressionlt is necessaryo use an external
pressuré¢o movethe mercuryinto the poresof a givendiameter

Constantsat a giventemperaturandpressurd€laboratoryconditions)
Surfacetensionof mercury0,48 N nrt
Wetting angleof silicatesq = 130°
radiusm] = r = - ngOSQ
pressurgPa]— D
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Tested sample is placed into glass container and after evacuation glass vessel is
pure mercury. During the measorent, 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
loading of hydraulic piston

Low pressure measurement allows to access pore size diameter approximatdl@dr
to 3.8um andhigh pressure arrangement allows to recognize pore size digtbeter
0,003pum.



Quecksilberporosimetrie

Priio: _
_ Mercury porosimetry measurement
Evakuieren LD Druck
Quecksilbher
4} ‘l ; 1) Evacuatiorof dry specimens
Poresareempty
]

1) Filling up of avesseby mercury
Smallamountof mercuryis movedto
the biggest pores by hydrostatic
pressure
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1) Increaseof externalpressure- smaller
poresarefilled by mercury
Smallpressure
(0,00371 0,13MPa)
radius4py m-100p m

High pressur€0,137 400MPa)
radius3nm—-4pu m

Zwischen aufgebrachtem Druck und kleinsten gefiillten Poren
besteht folgende von Washburn bestimmte Beziehung:

_2gcosh
p= r

o = Oberflachenspannung (0.48 N/m)  p = Druck
6 = Randwinkel (140°) r = Porenradius




Pore distribution curve

Cumulative curve — givesinformationabouta measuremengrocess

Pressureis increasingin steps,volume of mercury inside the specimenis
increasing You canreadthe graphfrom theright sideto theleft side

Y axis—amountof mercuryinsidethe specimen-cm? gt (cnp)
X axis— pores diameter(radius)— (mm, mm, m)

Distribution curve — gives information about the significant p o r diameters
(radii). You can see peaksin the graph and this information can tell you
somethingaboutbehaviourof water/saltsolutioninsidethe porousbody. Some
pores(with a givendiameter)cantransportwaterby capillaryforces,smalleror
bigger pores cannot You can decide how will material behavein dry/wet
cycles

Y axis—amountof mercuryinsidethe specimen-cm? gt (or cnmd)
X axis— pores diameter(radius)— (mm, mm, m)
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Renovation plaster 1
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Matrix density

Brick histarical 26930 kg.m3
Brick 26839 kg. m3
Sandstone 26699 kg. m3
HPC 27602 kg. m3
Wood 15427 kg. m3
Technicalhemp 13646 kg. m3
XPS 12397 kg. m3
EPS 10965 kg. m3
Rockwool 24113 kg.m3

Celluralconcrete 23596 kg.m'3

Lime plaster + metakaolin

PM02 25740 kg. mr3
PM10 25540 kg. mr3
PM22 24340 kg. m3
Geopolymers

T71 23912 kg. m3
T72 22452 kg. mr3

T74 23587 kg. m3




