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1. Intr oduction

Thecapillarypotential curvedeterminetherelationshipbetweenthevolumeandpressureof the
mercuryintrudingagainst thecapillary forcesinto poresof a sampleof porousmaterial. Suchrela-
tionshipis thedirect resultof measurementsconducted withahelpof themercuryporosimeterandis
a basefor thestandardmethodof determinationof theporesizedistribution. Thesedistributionsare
importantcharacteristicsof microscopicstructureof theporespaceof porousmaterials.They enable
oneto determinethe basicmacroscopicparametersof suchmaterials(e.g. thevolumeporosity, per-
meabilityor theinternalsurface)whichplay importantrole in many physicaland chemicalprocesses
occurringin permeableporousmaterials(e.g. filtration, transportof mass,momentumandenergy,
wavepropagationor chemicalreactions).

The aim of this paperis to formulatethe descriptionof capillary potentialcurves ofporous
materialsbasedonmicroscopicandmacroscopicmodelof themercuryintrusioninto porousmaterial.
In themicroscopic descriptionthe chainmodelof porespacearchitecturehas beenused,whereasthe
macroscopicdescriptionhas been basedon thediffusionmodelof theintrusionprocess.

The analysis ofinfluenceof parameterscharacterizingporesizedistribution on the capillary
potentialcurve wasperformedfor bothmicroscopicandmacroscopicmodelsthe intrusionprocess.
The influenceof the capillary diffusion coefficient on the form of this curve wasillustrated. These
modelshavebeen usedto identify theporesizedistributionof selectednaturalandmodelmaterials.

2. Micr oscopicmodelof mercury intrusion in a porouslayer

In themicroscopic descriptionof porespaceof porousmaterialtheporesaremodeledas cylin-
dricalpipes(links) with randomdistributionof theirdiameterD andlengths, describedby the density
of probabilityψ(D,s). In this case,theporespacestructureof porousmediumis determinedby two
independentfactors: theporesizedistribution andtheway of their connection,calledherethearchi-
tectureof theporespace, [1].Consequently, even for thesameporediameterdistribution, thepore
spacestructuremaybedifferent.Regardingtheporearchitecture,onecan distinguishthreekindsof
modelsof theporesspacestructure:thecapillary, chainandnetwork models.In thecapillarymodel,
the links of thesamediametersarejoined in seriesandform long capillariesof the constantdiam-
eter, crossingthewholematerial. Thediametersof differentcapillarieshave randomvalues.In the
chainmodelthe linksarerandomlycombinedin series,creatingthecapillariesof step-wisechanging
cross-section.In thenetwork model,therandomlyconnectedlinks form a spatialnet. Thecapillary
andchainmodelsare the limiting modelsof the network modeldescribingthe curves ofcapillary
potential.

Theexpressiondescribingthecapillarypotentialcurvesfor porousmaterialswith thecapillary
porearchitecturetakes theform

VL(p)

Vo

=
∫

∞

D
∗

ϑ(D)dD ,(1)

whereD∗ = 4σcos(θ)/p, is thecritical diameterof link in which themenisciis in equilibrium at a
givenpressure,ϑ(D) = D2ψ̄(D)/D2 describesthevolumetricdistributionof porediameters,whereas
ψ̄(D) is theporediametersdistribution andD̄ standsfor its mean value.
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For the chainmodelof porespacearchitecturewehave
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where

β =
D̄N/D̄

(1 − η)N
, η =

∫

∞

D
∗

ψ̄(D)d(D),(3)

whereasN = L/a anda is themean value ofporelength.

3. Macroscopicmodelof mercury intrusion in a porous sample

Theotherpossibility ofdescriptionof mercuryintrusioninto aporouslayergives thediffusive
modelof capillary transportin porousmedia.In suchmodelthe quasistaticprocessof inviscid fluid
intrusioncousedby progressive increaseof pressureis consideredat themacroscopiclevel like non-
stationaryprocessof diffusion. For thesimplest case equationdescribingfluid distribution in porous
materialtakes theform, [2],

∂ρ

∂p
− div(C(ρ)grad(ρ)) = 0 ,(4)

whereC(ρ) standfor coefficient of capillarydiffusion of inviscidfluid in porousmaterial.
Solutionof equation(4) for fluid intrusioninto porouslayer (at constantC) andfor boundary

condition obtainedfrom themicroscopicmodelis givenby expression,[4],
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In this casethecapillarypotentialcurve takes theform
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ϑ(D)dD.(6)

The derived expressions(1), (2) and(6) have been usedin the analysis ofinfluenceof pore
sizedistribution andcapillary coefficient of diffusion on the capillary potentialcurve. Both types
of modelswereapplied tointerpretationof suchcurvesobtainedby mercuryintrusion methodfor
samplesof modelandnaturalmaterials.
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