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Abstract

In this work, the pore structure of those five (5) silicas Si (see Part I) which have suffered gradual functionalization with functional
groups X of increasing length (X =@&Si—H, =Si—-CH,OH, =Si—(CH,);0H, =Si—(CH,)1:CHj3), is modeled as a three-dimensional cubic
network of cylindrical pores. Those hybrids organic—inorganic,SKosamples are characterized by different extent of pore blocking effects.
The pores of samples are represented irkeb3« 9 lattice by the nodes as well the bonds that are interconnected in a so-called dual site-bond
model, DSBM, network. The pore network is developed using a Monte Carlo statistical method where the cylindrical pores (nodes and
bonds) are randomly assigned into the lattice, until matching of the theoretical results to the experimental gatdsofpNion—desorption
measurements. Thus, a visual picture of the porous solid is possible. This realistic network is used next in order to study the steady-state gas
transport (Knudsen gas-phase and viscous diffusion) properties for the examined materials and how flow processes depend on the morphology
of the pore structure. Thaore diffusivity [} andtotal permeability Fof each porous medium is determined based on theoretical calculations
and the structural statistical parameters, such as poegsiiyrtuosity factorr and connectivityc of pores is discussed with the corresponding
experimental data described in Part | of this work. The results indicate clearly that the diffusion model made it possible to predict pore effective
diffusivity in these porous media in very good agreement with the corresponding experimental results for all the examined solids (Part I). The
pore diffusivity increases significantly as the value of the pore connectivity increases but the transport properties of the network are influenced
strongly at lowest connectivity. Also the predicted tortuosity factor is related inversely to the extent of interconnection of pores in these solids
which indicates that the influence of pore branching to the tortuosity factor of the pore network decreases, as connectivity increases.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction interconnected in different arrangements. For this reason the
problem of representing the porous structure and diffusion
The understanding of the relationship between the gasprocesses occurring within them is very complex. First, a
transport phenomena occurring within the void space of ma- detailed description of the materials must be sought using a
terials and into their pore structure is an important step in the suitable mathematical model. Second, a diffusion model that
design of new porous adsorbents and catalysts. Such probdescribestransport procedures mustbe applied at each pore of
lems are of great theoretical and practical interest for soil that porous model. While the local diffusion model provides
scientists, chemists and chemical and petrochemical engi-successfully the dynamic and equilibrium properties for each
neers. The porous materials often possess complicated inpore, a convenientand/or simplified representation of the pore
ternal architecture with pores of various sizes and shapesnetwork is necessary for predicting the diffusion parameter
and the transport properties in the whole porous system.

* Corresponding author. Tel.: +32 651098350; fax: +32 651098795. Frequently, the study of flow and transport processes in
E-mail addressppomonis@cc.uoi.gr (P.J. Pomonis). porous media is based on pore network model. One of the
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most common network models developed, are those basedf each porous medium is determined based on theoretical
on the so-called regular or random lattice. In this network calculations and the structural statistical parameters, such as
model, atwo- or three-dimensional lattice of nodes, which are porosityep and connectivity of pores is discussed. Also, the
interconnected by bonds, represent the pores of the real systortuosity factorz is briefly discussed in the text. A further
tem. Models have been constructed from lattices categorizedpoint of the present paper is a comparison between the pre-
in two broad classes: (i) the pore bond models, consisting dicted effective parameters, iBes, based on the diffusion
of a network of pore bondd—8] and (ii) the dual site-bond  network model and the corresponding results found from the
models, consisting of porous voids located at the nodes of theexperimental measurements described in Part | of this work.
lattice with pore necks making the bond connections between
these nodal site@—-11]. Fitting such models to the experi-
mental data may give information about the porous topology. 2. Model description
Other models have suggested to represent the porous medium
are the Bethe lattic.2—15]and the random packing of ran- 2.1, Pore network model
domly placed spherg46,17]or rods[18,19] The flow and
transport passes in such networks, take place through the The pore structure of the solid was modeled as a regular
channels between the overlapping or non-overlapping inclu- three-dimensional cubic lattice of interconnected cylindri-
sions[20]. However, these particular types of models have cal pores. The maximum coordination number for a node in
highly convoluted and complex structures and are therefore that cubic network is equal to 18 when one considers nearest
difficult to be characterized fully using statistical parameters. neighbors only. The network surface is represented by two
Discrete pore network models can be used in model- opposite faces of the network and periodic boundary con-
ing transport processes such as single phase and two phasgitions were applied at the other four faces. The pore walls
fluid flow, effective pore diffusivity and sorption phenomena were considered to be smooth. The pore volume of the solids
[4,21-24] In all cases, a mass balance equation for diffusion was represent in the lattice from the nodes as well as from
into the pores is set up and solved for the pore network. By the bonds connecting the nodes. The pore radii, estimated
calculating the concentration profile in the network, the tran- from nitrogen adsorption measurements, are semi-randomly
sient diffusivity and the steady-state diffusivity are found. distributed over the nodes and the bonds of the co-called
Bryntesson[25] has found that those two diffusivities are  dual site-bond model, DSBM, network. Next, the relative ar-
equal for three-dimensional networks when the connectivity rangement of pores (nodes and bonds) changes according
has reached the percolation threshold of about 1.5. Also, itto a Monte Carlo methodology until the theoretical results
is true that if the connectivity of a regular network and the simulate the experimental data of Mdsorption—desorption
average connectivity of a random network are the same, themeasurements. Thus, a visual picture of the porous solid is
macroscopic properties of two networks are very cl@&3. possible. Parameters that can be found from this model are
Therefore, it suffices to use cubic lattice and extending the the distributions of pore connectivities and the pore sizes as
bonds to connect second or higher nearest neighbors nodeswell as the average local tortuosity. For all the simulations
In Part I, we studied the diffusion in five (5) functional- presented in this work, a lattice size 0k® x 9 was used,
ized silicas Si@-X. In Part I, the pore structure of those five  which provides a satisfactory representation of the pore net-
(5) silicas SiQ—X which have suffered gradual functional- work and does not require excessive computational time. Typ-
ization with functional groups X of increasing length (X=8, ical computation time for each sample was 1 week. Details
=Si-H, =Si-CH0OH, =Si—(CH)30H, =Si—(CH;)11CHz), of the network description and the method of computation
is modeled as a three-dimensional cubic network of cylindri- there are in a previous publicati¢@7].
cal pores. Those hybrids organic-inorganic S samples The application of diffusion equations for each pore of the
are characterized by different extent of pore blocking effects. DSBM network was based on the following approach:
The pores of samples are represented in lattice by the nodes
as well the bonds that are interconnected. The pore networke The mean connectivitgmean the porosityep, as well as
is developed using a Monte Carlo statistical method were the pore size distribution (PSD) are known parameters of
cylindrical pores (nodes and bonds) are randomly assigned the model.
into the lattice, until theoretical results matching to experi- ® The flow through the networki( y, 7) takes place along
mental measuremer{7]. Those networks are advantageous  thez-direction perpendicular toi( y) plane of the cube.
in several respects, especially for the distribution of connec- ® The driving force of diffusion is the concentration gradi-
tivities in the pore space. Also local heterogeneities can be  €nt AC/I between the ends of pores. Through each pore,
thus modeled and percolation phenomena in the network can  Whichis considered to have lendtéqual to their diameter
be described. This realistic network is used here in order to  d (I=2r=d) [27], a linear change of the concentration is
study the steady-state gas transport (Knudsen gas-phase and considered to take place. This is in agreement with exper-
viscous diffusion) properties for the examined materials and ~ imental observationg?2].
how flow processes depend on the morphology of the pore® The diffusio_n takes place in the pores of the network with-
structure. Thepore diffusivity 3 andtotal permeability P out adsorption phenomena.
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To enable the calculation of effective properties, i.e. pore
diffusivity and pore permeability, into the pore network

63

whereDy is the Knudsen diffusivity (cfs™1), which is cor-
related to the pore radiusaccording to Eq(5).

model, we can use the bond network. In this case, the mass

flux is proportional to the pore diffusion coefficient, to the

bond cross-sectional area and finally to the difference be-

tween the concentrations of the connected n¢2igls There-

2r [8RgT
Dx() = 3y 5)

wherer is the radius of pore (cmRy the universal gas con-

after, we changed the problem of double site-bonds network gtant (8.314¢ 107 g cn? s~ 2mol-1 K1), T the temperature

in simple bonds network, relating the volume of nodes to the
volume of bonds according to the relation:

i=1

whereV, present the volume of nodethe connectivity of
the node andz expresses the sum of additional voluiie
that assign to the bonds connecting the node.

This approach is similar to bonds network model used by
Meyers and Liapi¢5,6] to calculate transport properties of
small and large molecules in porous network.

@

2.2. Diffusion in single pores

The diffusion flowJ of the dilute gas through a narrow
cylindrical pore of radiug and lengthl, in the absence of
adsorption, is given by the following equatif#1]:

J = —mr?P (A—C)
B l

whereP is the permeability of the model pore (ésr1) and

)

of the system (K) andM is the molecular weight of fluid
(gmol1).

Under the influence of a pressure gradient along the pore,
viscous flux occurs in addition to the diffusive flux. The vis-
cous flux is given by:

D dc

v dz
whereDy is the viscous diffusivity (crhs~1), which is cor-
related to the pore radiug and the concentratio@ of fluid
according to Poiseuille’s law (Eq7)).

Dv(r, Ca) RT—rZC
1, =
\% A g 877

(6)

Jv =

(7

wheren is the viscosity of fluid (gcmts™1) andC is the
vector of the concentration of the fluid into the nodes.

At the outer surfaces of the nodes of the network a bound-
ary layer is assumed, perpendicular to the direction of flux.
The top layer of nodes can be reduced to single node where
the sum of the mass flux between this node and all of the re-
maining nodes into the network is equal to the specified total
mass fluxJy. Similarly, the bottom surface of the network

AC is the difference of the gas concentration between the can be reduced to a single node where the sum of the mass

pore ends (mol cm?). The minus sign in Eq2) means that
as the diffusion is realized, the concentration gradie6i|
decreases.

Eq. (2) describes the diffusion that takes place in a pore
with well-defined structure, as for example, in a straight cylin-

fluxes moving away from the nodes inside the network to this
node is equal to the negative of the total specified mass flux,
—Jg [5].

Then, for every interior node of network the fluxes of the
gas that enter a node must be equal to the fluxes leaving the

drical pore with smooth internal surface. Nevertheless, in a node. At the inner nodes of the network, an equation similar

3D pore network—as it is the case in real solids— in order
to obtain the permeabilitl? of the network in terms of diffu-
sion, it is essential to express the total diffusion fliywvith

the corresponding diffusion rates in each pore (2}). This

is achieved if we use a suitable mathematical model which

represent satisfactorily the morphology of solid, as well as
the pore volume distribution, the connectivity and finally the
tortuosity of the pores.

The mass transport in the single pore is described as a sum

of Knudsenlk diffusion and viscousy flux:
J=Jk+ Jv (3)

The surface diffusion term can be included in E8) if

to Kirchhoff’s law must be satisfied:

n n - n L i
Sh= Y =2 (r
ij

=1 LT E——]

) 3 =0 8)
WhereJ,.’/. represent the molar flow per unit cross sectional
area of the bondy; perpendicular to the direction of flow
between nodesandj, Pjj the permeability of bondbjj, C
andC; the concentrations of gas component at the noded
|, respectivelyn the total number of nodes in the network,
lij the length of pore bonbj andg; is a delta function that
is equal to unity when the nodds connected by a pore to
adjacent nodgor equal to zero when is not connected.

The simultaneous solution of Eq&)—(8) provides the

necessary, although this mechanism of diffusion has not beenconcentration profile of gas fluid for each node of the network.

taken into account in the model described here.
The Knudsen fludk is given by the following expression:
dc

— Dk —
Kdz

Jk 4)

The solution of these equations is reduced substantially in a
problem ofn x n non-linear equations:

ZJ/ =E(rC)C=0 9
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whereJ’ present the vector of molar fluxeS,the vector of ~ P; = Dk i(r;) + Dv,i(ri. Ci) (14b)
node concentrations arlis the squar@ x n matrix. Then

the calculation of the Knudsen and the viscous diffusivities
at each node of lattice, can be executed according to the fol-
lowing expression:

whereDy jj, Dyjj andDg i, Dy, is the Knudsen and viscous
diffusivities for the bondj connecting nodeisandj and the
nodei, respectively.

The pores diffusivityD, of the porous network for pure

Eij(rij, Ci) gas-phase transport is then obtained by:
2. [8RaT .2 epDp = P (15)
Iy e LY Y A ifi £ j .
VAR 8lijn (10) wheresy, is the voidage of the lattice.

2r; [8R4T 3 ri? o
_Z_ — RyT —C;, ifi#j
oy 3[,' M oy 8[,‘)7

The diffusion model described above was coded in the
ForTran 90/95 programming language in order to obtain the 5 1  pyre network model
answers to the questions seeked. The non-linear equations for
the single pores were solved using the ForTran MINPACK 114 \alues of the mean connectivitigs.aobtained from
routine HYBRJ1, which applies the modified hybrid method o M pore network estimated as described in[ef]
of Powell[28]. The Jacobian was given in the algorithm for - 55 \ye| as the values of the correlation coefficigj corre-
each node of the net\{vork. e ) sponding to the best fitting between the simulated and exper-
In order to determine the pore diffusivify, of gas fluid imental No-desorption curves, are show Tiable 1 In the
in the porous network, we must first calculated the total per- ¢ o taple. the values of the voidagefrom the model

meability P of the lattice. The total permeabiliy includes and the porosity: of the examined solids are cited. With
the permeability of nodes as well as that of the bonds of the this network model, we can determine the node/pore con-

3. Results and discussion

lattice according to the following relation: nectivity distribution of the network27,29] This kind of
n n distributions—normalized to unity—is shown kig. 1 for
P= (}) <i) ZZ {Pl..Al.. + Fidi (ﬂ)} all the samples. We observe that the connectivity values of
2 Ao iz1 =1 I Ci Vjj pores/nodes, as well thog,eanones, decrease in a systematic
(11) way with the extent of carbon length of the immobilized or-

anic groups, as actually expected. This effect is due to the
where the factor 1/2 is used because each pore is counte(gradum blocking of the small pores by the organic groups.
twice inthe summatiord; andA; the cross-sectional areasof  As a result the mean connectivity values drop significantly
bondr(rij)? and noder(ri)? perpendicular to the-direction,  from cpean=6.5 at SiQ solids without functionalization to
respectivelyc; the number of bondpthat connected to the ¢ .= 3.6 at SiQ—(CH,)11CHs solids with functionalized
nodei, Ao the cross-sectional area of the porggsrepresent  group with maximum carbon length.

the ratio of the pore length to the shortest distance con- The estimation of the average tortuosity factor in the whole
necting the node with neighboring nod¢, andAc; is the  pore network model was also performed using the so-called
normalized concentration difference between nacksdj, local tortuosity method described elsewhi@®29] The val-
where ues of those theoretically estimated tortuosity factors for all
ci—cp . . the examined solids are cited Table 2 From these values
T e with boundary conditions, = 1andc,, = 0 itis rendered clear that the tortuosity increases with the pore
(12) blocking effects that affect the immobilized organic groups.

In other words, the predicted tortuosity factor is related in-
The cross-sectional arég for spherical particles diame-  versely to the extent of interconnection of pores for these

terds is given by: solids. This means that the influence of pores branching on
2
0 4 &p Pore network model parameters determined by matching the experimental

] ) ) nitrogen desorption data with the theoretical results obtained from DSBM
whereds is the mean diameter of particles asnds the poros- simulations

ity of the bed. N . . Sample Cmean  Tp e . Reg®
The permegb|llt|§$>ij andP; in Eq.(ll)tqke mtp account S0, 65 a7 0.67 0.66 0.9993
the Knudsen diffusivity and the viscous diffusivity of bonds  gio,—H 5.5 5.6 0.63 0.64 0.9989
and nodes in the lattice, respectively, according to Egia) SiO,—CH,OH 45 5.9 0.61 0.63 0.9990
and(14b) Si0,—~(CHp)30H 4.1 7.2 0.59 0.60 0.9991
Si0,~(CHp)11CH3 36 5.7 0.59 0.59 0.9991

Pij = DKJJ'(rij) + DV-,ij(ri./’ Gi) (14a) a The simulations are realized in99 x 9 lattice size.
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Fig. 1. The normalized to unity distribution of connectivities for the $i® sample. Th&meanvalues are also shown.

the tortuosityr, of pore network decreases, as connectivity ferent approximations/simplifications which were taken into

increases. Those values of local tortuositigare affected in
a similar way by functionalization as the corresponding tortu- examined samples is similar in both cases.
osities found from the experimental determinatiorr afith

diffusion termg30]. In Fig. 2 the variation of pore network

tortuosity rp as well as the experimental tortuosityof the

account for these methods, but the general the trend for the

In Fig. 3, two typical snapshots of the simulation of porous

network are shown. The pores in that representation are not
in scale because then it is not possible to distinguish the fine

SiO,—X solids are shown for comparison. The discrepancies details of the network. The red line represents the percolation
between ther, and t sets of values is attribute to the dif- path of the network.
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Diffusion parameters of pure gas (He) flow in pore network DSBM for the

SiO,—X materials

Sample Pore diffusivityD,? PermeabilityP?
(103cnPst) (103cnPs)

SiO 2.486 1.575

SiO—H 2.003 1.282

SiO,—CH,OH 1.208 0.761

SiO,—~(CH,)30H 1.102 0.650

SiO;—(CHy)11CH3 1.333 0.800

2 The simulations were realized inx99 x 9 lattice size with porosity of
bedep =0.3, mean radius of particli =1.0p.m and viscosity of tracer gas
(He)p=3x 104gcm1s1[31].

Tortuosity

6 -

e

O/Q

%

}/ |

e T

(353

T
Si0,

T T T T
-H .CHOH  -(CH,)OH (CH), CH,
Organic group

Fig. 2. Variation of the local tortuosities, as well as of the experimental
valuest [27] with the extend of pores blocking by the indicated organic —(CHp)3OH and —(CH)11CHs) inside the pores of hy-

groups.

3.2. Diffusion in the network model

egeeeore S
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Fig. 4. Average concentration profiles in pore network model for (a) SiO
and (b) SiQ—(CHy)30H samples. The fractions 0.1, 0.2,, 1.0 correspond
to the reduced concentrations of fluid (He).

of pore network model, DSBM. IRig. 4, the calculated aver-
age concentration profiles normalized to unity, thoughzthe
direction, for two typical sample Siand SiQ—(CH,)30H
are shown. We observed that the average concentration in
(%, y) plane through the flow directioz)(drops more sharply
for SiO,—(CH,)30H than for SiQ. This behavior is related
to the restricted percolation effects because of the increased
pore blocking that results from anchored organic residuals
inside the pores of SiPmatrix.

The values of the estimated pore diffusividy and to-
tal permeabilityP of the pore network model are mentioned
in Table 2 for all the SIGQ—X solids. These results indicate
clearly that the gas flow is substantially restricted from the
immobilized organic groups SX (X=-H, —(CH;)OH,

brid solids. Namely, the pore diffusivity drops markedly
from 2.5x 10 3cm?s ! at SiQ to 1.1x 10 3cn?s 1 at

SiO,—(CHy)30OH material. However, the pore diffusivity of
SiOy—(CHy)11CH3 material with the greater immobilized

Pore diffusion simulations of pure gas fluid (He) were per- carbon length is slightly increased relative to the previous
formed using the modeling theory, as described above, in or-sample. This discrepancy probably arises from the weakness
derto determine the pore diffusivity and the total permeability of the model to forecast satisfactorily diffusion parameters in

Fig. 3. Typical snapshots of the simulation of the network pores for the indicated sample: §ar8i(b) SiQ—(CH,)3OH. The red line corresponds to the
percolation backbone of the network.
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Fig. 5'_ Compar_ison plots between the pre_dicted vng_@smd the corre- Fig. 6. Total permeabilit of lattice as a function of the voidage of network.
sponding experimental valuBg for the hybrid organic—inorganic SiEX The dash line that simulates the data is given the empiricahlawA ((x —

solids. v)/(1— x)) (A=3.3x 10-3cn? s T andv=0.51,Ryq=0.9128), similar to
the relationy (x — 2/3)/(1 — x) found by Brosa and Stauff¢B2] using

networks with low interconnectivity between the pores butin "a"dom cellular automata model.

any case the precise reason is not very clear for the moment
In the_ case when the connectlwt_y of_por_es IS Iuw, 3, f[he We mentioned that the effective diffusion properties can be
effectiveness of the network for diffusion is described in frac- found only in the case wheeg >0.5 which corresponds to
tals terrTsHSmn?r (I:ases Eave bee?f rePorte% by, Bryn:essor{he percolation threshold. Before that point the permeability
[25], who has calcu ated the pore effective ,d' US',V'ty 0TS0~ s zero (se€ig. 6). It should be noted that the relation between
lutes in poorly-connected networks. The simulations of the the pore diffusivityD, and the voidage of lattice, is influ-

model porous network by Meyers and_ L_iatﬁq; alsoyield a . enced by the network topology and is valid for pore network
percolation threshold at pore connectivity of 2.6. Below this - oy s4em with similar mean connectivity. Indeed, the results for

value the system does not include a percolation cluster of in- 5 _ -4 much more for the « values—can be represented
terstitial pores which is necessary for flow through the porous b)F/) the empirical lawD = (2p e_ 1), whereD is the effective
model. The variation of the pore diffusivity for the examined diffusivity normalized with respect to the value at porosity

solids is shown irFig. 5. In the same figure, the variation of p=1, as suggested by Sahimi and Stauffer for a triangular

the corresponding pore diffusivipett which was deterr_m- lattice [20]. Similar behavior between these parameters has
nate from the experimental measurements in PE0], is been reported by other researci@® 34]
shown for comparison. '

We observe that the predicted reduction of pore diffusivity
by the diffusion model is in very good agreement with the
corresponding experimental results for all the solids. 1 e

The dependence of the total permeabiftand pore dif- 25104 g
fusivity Dy from the voidage:, of the pore network for the
SiO—X materials, are presentedrigs. 6 and yrespectively.

In Fig. 7, the variation ofDeg with porosity e, found from
the experimental measurements, is illustrated for comparison
reasons.

It is clear that, both the theoretically pore diffusivity and
the experimentally effective diffusivity varies essentially lin- 1,0x10°4
early with the voidage of pore network. Of course this sug-
gestion constitutes a logical consequence of the diffusion -~ . . | .
processes, since the diffusion of fluid is realized more eas- ' s 0,55 0,60 0,65 0,70 075
ily as the porosity of solids increases. Nevertheless, a very Porosity
interesting point is related to the relative regression of pa-
rameters irFig. 7. The formula of linear regression is a form  Fig. 7. Pore diffusivityDy and effective diffusivityDer as a function of

y=16.8x 10-3x — 8.7 x 10-3. This relationship can be used the voidagg of I_atticep and the porqsity of SiOz—X solids, rgspectively.
The dash line simulates the theoretical data by linear relatien16.8 x

to estimate pore diffusivitydy, for a particular voidagey of 103x — 8.7 x 103 (Ryq=0.9467) and the solid line give the empirical
the pore lattice. For example, g§=1 the pore diffusivity law, y = A(2x — 1) (A=7.0x 10-3cn?s7%) similar to the relation found
predicted equal®p ~ 8 x 1073 (cn? s™1), the permeability by Sahimi and Stauffde0] in the triangular lattice.

of the system being very large at this point as sedfign6.
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at lowest connectivity. Therefore, this last property is an ex-
tremely important parameter for the characterization and de-
velopment of porous solids. The results show that the pore
diffusivity increases significantly as the value of the pore
connectivity increases. Also the tortuosity factor in the model
porous network was estimated and compared to the tortuosity
values calculated for the same materials with the experimen-
tal measurements (Part | of this work). Itis rendered clear that
tortuosity increases with the pore blocking effects from the
immobilized organic residual inside the silicate pores. The
predicted tortuosity factor is related inversely to the extent
of interconnection of pores for these solids, which indicates
that the influence of pores branching to the tortuosity factor
of the pore network decreases, as connectivity increases.

Mean Connectivity

Fig. 8. Pore diffusivityDp vs. the mean connectivity of the pore network
model for examined solids.

InFig. 8 the pore diffusivityDp versus the mean pore con-
nectivity cmean is illustrated, for the Si@-X solids. These A
results indicate clearly that for low values of the pores con- Ao
nectivity, the pore diffusivity is very low but at high values Djj
of connectivity the pore diffusivity is significantly enhanced. ¢
It can be observed that the increase of the pore diffusivity €
With Cmeanin the range 4 <mean<6.5 is more significant. C
This result is due to the fact that the pores in the network are C
not interconnected significantly in the range 4-6.5, as to pro- d
vide a good effective network. The connectivity must obtain Dk
higher values in order to allow for free transport through the Dp
pore network. Similar behavior between those parameters,Dv
i.e. pore diffusivity and pore connectivity have been reported J
by Meyers and Liapifb], and Bryntessof25]. Those authors J
have calculated transport properties in the pore network, near)’
the percolation threshold, in the case when the size of solutes/y
is comparable to the pore size. Jo

This variation can be understood according to the sug- |
gestion that the diffusion resistance is strongest for the low M
connected pore network, but in the high-connected network n
the diffusion resistances are mainly due to pore size distribu- P

tion and not to the networking topology. r
Rg
T

4. Conclusions Vb
Vn

In this paper we have described an efficient computation Z
method for studying flow and transport process in porous

Nomenclature

pore cross-sectional area (m
cross-sectional of pore network model @m
pore-bond connecting nodeand;

pore connectivity of the porous network
normalized to unity concentration (mol ct¥)
node gas-phase concentrations (moféjn
vector of node concentrations (mol cf)
pore diameter (cm)

Knudsen diffusivity (cnm2s™1)

pore diffusivity (cnfs1)

viscous diffusivity (cn2s-1)

molar flow (molcnr?s™1)

molar flux (mols1)

vector of mole fluxes (mol cm? s1)

total molar flux (mol s?1)

total molar flow (molcm?s™1)

pore length (cm)

molecular weight (g moit)

total number of pores in the lattice network
permeability of fluid in porous model (chs™1)
pore radius (cm)

universal gas constant (g émsr 2 mol~1 K1)
temperature (K)

bond-pore volume (cA)

node-pore volume (cf)

length coordinate (cm)

media, using a dual site-bond lattice model, DSBM, of pore Greek letters

space. To be more precise we test the model using five (5)E

samples of mesoporous silica which suffered a gradual andAC

controlled modulation of their porosity by functionalization
with organic groups of various chain lengths. The diffusion ¢
model made it possible to predict pore effective diffusivity &b
in these porous media in very good agreement with the cor- €p
responding experimental results for all the examined solids "
(Part | of this work). The simulations clearly indicate thatthe ©
transport properties of the network are influenced strongly p

matrix of diffusion coefficients factors

concentration difference of gas between pore ends

(mol cnt3)

porosity of solids

porosity of bed

voidage of lattice

viscosity of fluid (g cnmts—1)
mean local tortuosity factor
tortuosity factor
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