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1. Intr oduction

Thecapillarypotertial curve determinegherelationshipbetweerthevolumeandpressuref the
mercuryintruding against thecapillary forcesinto poresof a sampleof porousmaterial. Suchrela-
tionshipis thedirect resuliof measuremenisonducted witha helpof the mercuryporosimeteandis
a basdor the standardnethodof determinatiorof the poresizedistribution. Thesedistributionsare
importantcharacteristic®f microscopicstructureof the porespaceof porousmaterials.They enable
oneto determinethe basianacroscopiparametersf suchmaterials(e.g. the volumeporosity per
meability or theinternalsurface)which play importantrole in mary physicaland chemicaprocesses
occurringin permeableporousmaterials(e.qg. filtration, transportof mass,momentumandeneny;,
wave propagtionor chemicalreactions).

The aim of this paperis to formulatethe descriptionof capillary potentialcurves of porous
materialshasedn microscopicandmacroscopienodelof themercuryintrusioninto porousmaterial.
In themicroscopic descriptiothe chairmodelof porespacearchitecturenas beemsed whereaghe
macroscopiaescriptionhas been baseamh the diffusionmodelof theintrusionprocess.

The analysis ofinfluenceof parametergharacterizingoore size distribution on the capillary
potentialcurve was performedfor both microscopicand macroscopianodelsthe intrusionprocess.
The influenceof the capillary diffusion coeficient on the form of this curve wasillustrated. These
modelshave been usedbo identify theporesizedistribution of selectechaturalandmodelmaterials.

2. Micr oscopicmodel of mercury intrusion in a porouslayer

In themicroscopic descriptioof porespaceof porousmaterialthe poresaremodeledas cylin-
drical pipes(links) with randomdistribution of theirdiameterD andlengths, describedy the density
of probability)(D,s). In this case the porespacestructureof porousmediumis determinedy two
independentaciors: the poresizedistribution andthe way of their connectioncalledherethearchi-
tectureof the porespace, [1].Consequentlyeven for the samepore diameterdistribution, the pore
spacestructuremay be different. Regardingthe porearchitecturepnecan distinguishthreekinds of
modelsof the poresspacestructure:the capillary, chainandnetwork models.In the capillary model,
the links of thesamediametersare joined in seriesandform long capillariesof the constantliam-
eter crossingthe whole material. The diametersof differentcapillarieshave randomvalues. In the
chainmodelthe linksarerandomlycombinedn seriescreatingthe capillariesof step-wisechanging
cross-sectionln the network model,the randomlyconnectedinks form a spatialnet. The capillary
and chainmodelsare the limiting modelsof the network model describingthe curves of capillary
potential.

The expressiondescribingthe capillary potentialcurvesfor porousmaterialswith the capillary
porearchitecturgakes thdorm
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where D* = 4ocos(0)/p, is the critical diameterof link in which the menisciis in equilibriumata
givenpressurey(D) = D*y(D)/D? describeshevolumetricdistribution of porediameterswhereas
(D) is the porediameterdistribution andD standdor its mean alue.
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For the chainmodelof porespacearchitecturenve have
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whereasV = L/a anda is themean alue ofporelength.

3. Macroscopicmodel of mercury intrusion in a porous sample

Theotherpossibility ofdescriptionof mercuryintrusioninto aporouslayergives thediffusive
modelof capillarytransportin porousmedia. In suchmodelthe quasistatiprocesof inviscid fluid
intrusioncouseday progressie increaseof pressuras consideredat the macroscopidevel like non-
stationaryprocesf diffusion. For the simplest case equatiatescribingfluid distributionin porous
materialtakes thdorm, [2],

@ P di(Cporad(p) = 0.
P
whereC'(p) standfor coeficient of capillary diffusion of inviscidfluid in porousmaterial.

Solutionof equation(4) for fluid intrusioninto porouslayer (at constantC) andfor boundary

condition obtainedrom the microscopiamnodelis givenby expression[4],
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In this casethe capillary potentialcurve takes théorm
Vilp) > 1 (2m + 1)27? oo
(6) v [1 87712::0 Om+ 1)27T261’p( I Cp)) /D* J(D)dD.

The derived expressiong1), (2) and (6) have been usedn the analysis ofnfluenceof pore
size distribution andcapillary coeficient of diffusion on the capillary potentialcurve. Both types
of modelswere applied tointerpretationof suchcurves obtainedby mercuryintrusion methodfor
samplef modelandnaturalmaterials.
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