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A simplified theoretical model is proposed for the transport and chemical reaction of gaseous 
species in supported liquid-phase catalysts (SLPC) in which catalytic liquids with contact angles 
less than 90” are dispersed within inert porous supports. It is based on the use of the dusty-gas 
model for the flux in the residual gas pore space. The variation of the structural dusty-gas parame- 
ters with liquid loading is correlated by using results borrowed from the parallel-pore model and the 
random-pore model along with an interconnected near-spherical cell description of the porous 
medium. The proposed model is free of adjustable parameters and is therefore predictive. It 
corroborates the existence of a maximum in the reaction rate predicted previously for some sys- 
tems and also exhibits other trends observed experimentally. In addition, other interesting charac- 
teristics of SLPC are predicted. 8 1985 Academic press, IIIC. 

I. INTRODUCTION 

Supported liquid-phase catalysis (SLPC) 
consists of a liquid-phase catalyst dispersed 
within a porous support so as to occupy a 
part of the pore space. The gaseous reac- 
tants diffuse through the residual pore 
space as well as the dispersed liquid phase 
and undergo homogeneous catalytic reac- 
tion in the liquid phase to produce volatile 
products, which then diffuse back out of 
the porous support. 

It is thus a hybrid system that retains the 
advantages of homogeneous catalysts such 
as higher stability, product selectivity, and 
milder operating conditions and, at the 
same time, provides the advantages of het- 
erogeneous catalysts such as convenient 
handling, large interfacial areas, and conse- 
quently small liquid diffusion paths, ease of 
separation of catalyst and product, and use 
of conventional equipment like packed-bed 
and fluidized-bed reactors. Its major limita- 
tion is that the reactants and the products 
must be in gaseous or vapor form at reac- 

tion conditions while the catalyst solution 
should be essentially nonvolatile. 

There are a growing number of examples 
of the application of the SLPC technique 
(Z-6). These include (a) oxidation of SO2 by 
supported melts of alkali-promoted V205 in 
the manufacture of sulfuric acid; (b) poly- 
merization and alkylation by phosphoric 
acid impregnated on Kieselguhr; (c) oxida- 
tion of HCl to Cl2 and oxychlorination of 
olefins by the Deacon catalyst, which is a 
melt of CuClJCuCl/KCl/rare-earth halides 
supported on pumice or silica gel; and (d) 
oxidation of ethylene to acetaldehyde cata- 
lyzed by a supported aqueous solution of 
PdClz and CuC12. In addition, the technique 
has considerable potential for industrial ap- 
plication in the rapidly growing field of ho- 
mogeneous catalysis by transition-metal 
complexes for a wide variety of hydrocar- 
bon conversions (7). It has successfully 
been demonstrated in the laboratory for re- 
actions such as hydroformylation (8, 9), 
isomerization (IO, II), and hydrogenation 
(11). 
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The first theoretical model for diffusion 
and reaction in SLPC (Z2) was based on a 
cylindrical pore containing the catalytic liq- 
uid as a film at the mouth and as a plug at 
the other end of the pore. An arbitrary liq- 
uid distribution function containing two ad- 
justable parameters was chosen which sat- 
isfied the limiting characteristics of the 
actual distribution. The model showed that 
there should be optimum liquid loading and 
a corresponding maximum in the reaction 
rate for SLPC which was later qualitatively 
confirmed by experiments on propylene hy- 
droformylation (8). However, while this 
first model includes many of the essential 
features of SLPC, it is not predictive be- 
cause it involves adjustable parameters 
which have no physical basis. 

Other SLPC models have been subse- 
quently proposed (3, 23, 14), one of which 
(3) is also based on some arbitrary assump- 
tions. Another of these models (13) is pre- 
dictive and includes an empirical correla- 
tion for effective diffusivity as a function of 
liquid loading, based on isobaric diffusion 
experiments in liquid-impregnated pellets. 
The effective binary molecular diffusivity 
in the gas phase was found to be propor- 
tional to the square of residual porosity, but 
the treatment is limited to transport in the 
gas phase by ordinary molecular diffusion 
only. 

The latest model (14), based on the 
dusty-gas concept (15), includes a realistic 
picture of liquid distribution based on the 
actual pore-size distribution of the dry sup- 
port. Experiments indicated that the aver- 
age liquid-film thickness in macropores is 
equal to the radius of the largest filled mi- 
cropore. A further significant conclusion, 
based on experiments with three different 
liquids, was that the dispersion pattern of 
liquids having a contact angle less than 
90” is essentially the same in an a-alumina 
support. The use of this model for predic- 
tive purposes, however, requires a knowl- 
edge of the pore-size distribution of the dry 
support from which the liquid distribution 
is then estimated. 

It was our objective here to develop a 
relatively simple yet adequate theoretical 
model for the transport and reaction of gas- 
eous species in SLPC that avoids use of 
adjustable parameters and involves tested 
assumptions. The proposed transport 
model requires a knowledge of the dusty- 
gas structural parameters for the dry po- 
rous support but is otherwise predictive. 

2. PROPOSED MODEL 

The activity of SLPC pellets depends on 
not only the amount of liquid present in the 
pellet but also the manner in which it dis- 
perses within the pores of the support. 
Some of the other factors that affect its ac- 
tivity are (a) pore-size distribution of the 
support, (b) the wetting characteristics of 
the liquid, (c) liquid-phase kinetics, (d) sol- 
ubility of gaseous reactants and products in 
the liquid, (e) any catalyst-support interac- 
tions, and (f) perhaps even the method of 
preparation of SLPC. 

Clearly, it is a formidable task to take all 
these factors into account. We, therefore, 
make some simplifying assumptions. It is 
assumed that (a) the porous support is com- 
pletely inert; (b) the catalytic liquid wets 
the support, i.e., it has a contact angle 
<90”, (c) the liquid loading is uniform 
throughout the pellet, and (d) there is no 
surface diffusion. Additional assumptions 
concerning the liquid distribution and its ef- 
fect on transport are given below. 

While a quantitative description of the 
liquid distribution is not yet possible, the 
following picture emerges for wetting liq- 
uids based on thermodynamic consider- 
ations and experimental evidence (1, 14). 
At very low liquid loadings, the liquid is 
finely and evenly distributed as a thin film 
on the solid surface and is held by adsorp- 
tion forces. As the loading increases fur- 
ther, the liquid gradually starts filling the 
capillary pores in order of the size distribu- 
tion, filling the smallest pores first. Simulta- 
neously, the thickness of the liquid film in 
the unfilled pores also increases but per- 
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haps reaches a limiting value due to the lim- contributions of the gas-phase flux, NY, and 
ited adsorption forces. As more liquid is in- the liquid-phase flux, Nf, 
troduced, the larger pores also gradually 
become filled with capillary liquid. We as- 

Ni = NG + Nf. (1) 

sume that the gas and the liquid phases are 
continuous and are in equilibrium at all (a) Flux in the Gas Phase 
points. 

Introduction of a liquid into a porous We assume that the transport of species i 

solid reduces the residual gas-phase vol- in the residual gas pore space is given by 

ume. Hence, it reduces the effective area the dusty-gas model (25) having the form 

for gas-phase transport and, further, in- (18) 

creases the tortuosity factor for the residual XjhrP-XiNjG _ P dxi 
gas phase by blocking off some of the pore 

_ --- 

interconnections. This effectively changes 
0% R,T dz 

j=l 

the porous structure for gas-phase trans- 
port. Thus, so far as the gas-phase trans- -CT 

port is concerned, we can treat the support 
g 

along with its dispersed liquid as a hypo- 
(i = 1, 2, . . . , n), (2) 

thetical porous medium with a new pore where the superscript G refers to the resid- 
structure as determined by the liquid distri- ual gas pore space. The effective Knudsen 
bution. Similarly, when considering the diffusivity for the residual gas pore space is 
transport in the liquid phase, we treat the 
gas phase together with the porous solid as (3) 
the new hypothetical porous medium. 

D& = c$bi = CP (!?$)I”. 
I 

To use the existing theoretical flux The effective binary pair molecular diffu- 
models for describing transport in either the sivity is 
gas or the liquid phase in this hypothetical 
media, we need to know the effective po- Dfe = CFD,. (4) 

rosity and tortuosity factors for the two It is convenient, for our purposes, to re- 
phases. The effective porosity of a phase is, cast Eq. (2) into the Fickian form with an 
of course, readily obtained from the liquid effective diffusivity for the residual gas 
loading, 4, and the porosity of the dry sup- pore space 02 defined by 
port; but the tortuosity factor for the phase 
would depend upon the liquid distribution 
pattern as well as the pore structure of the 
support. For simplicity, we assume that the (i = 1, 2, . . . , n). (5) 
changes in tortuosity factors due to liquid 
loading for either of the phases can be esti- 

To obtain an expression for 02 some ma- 

mated using the random-pore model (16) 
nipulations are required. Summing Eq. (2) 

which, for monodisperse porous structures, 
for all n components causes the second 

gives the tortuosity as simply the inverse of 
term on the left-hand side to disappear. 

porosity. In general a better estimate may 
Multiplying and dividing by NY we then ob- 

be made by assuming T = l/P, where (Y 
tain 

varies between 1 and 2 depending upon the 
porous medium (I 7). 

It is further assumed that the transport of 
a gaseous species, i, takes place in parallel 
in the two phases, so that the total flux of i 
in the pellet, Ni, is a sum of the individual 

C,“P dP zz-- 
:Tb +z);i; 

(i = 1, 2, . . . , n). (6) 
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where the mean effective Knudsen diffu- 
sion coefficient for the gas space is defined 
by 

Using Eq. (6) in Eq. (2) to eliminate dPl 
dz and comparing the resulting expression 
to Eq. (5) results in 

1 
l --- 

DE - D& 

(i= 1,2,. . . ,n). (8) 

These equations are subject to the con- 
straint that 

g.Xj= 1. (9) 
j=l 

Thus, if the flux ratios in the gas phase 
NjC/NF are known a priori as from reaction 
stoichiometry, for example, then the effec- 
tive diffusivity 0: remains a function of 
only the gas-phase mole fractions and pres- 
sure in addition to other constant parame- 
ters. Furthermore, simpler forms of DE can 
be obtained for many special cases. A 
rather important special case may be men- 
tioned here. When the gaseous species in- 
volved are not of widely different molecular 
weights, the term contained within the 
braces in Eq. (8) is of the order of unity. 
Equating it to unity, Eq. (8) reduces to 

1 1 .A 1 
z=z+&z 

j=l 

The advantage of Eq. (10) is that it does 
not contain the D’Arcy permeability C,” 
and, hence, involves one less structural pa- 

rameter. In general, however, Eq. (5) along 
with Eq. (8) describes the flux of i in the gas 
phase of a partially liquid-impregnated po- 
rous pellet. The pressure inside the pellet is 
estimated by Eq. (6). 

(b) Variation of Structural Parameters 
with Liquid Loading 

In the above equations, the three dusty- 
gas constants, namely, Cf, the D’Arcy per- 
meability, C?, the Knudsen diffusion struc- 
tural constant, and C?, the molecular 
diffusion structural constant, all refer to the 
residual gas-pore space and, therefore, 
must vary with the extent and manner of 
liquid loading. If we compare the equiva- 
lent flux relationships given by the parallel- 
pore model, we may write (18) 

and 

(11) 

(12) 

where OG is the porosity and r” is the tortu- 
osity factor of the residual gas pore space 
for which the average pore size becomes 

?OG 
(14) 

These equations have been written for 
the residual gas pore space in a partially 
liquid-impregnated porous medium. If we 
write an analogous set of equations for the 
dry medium, designated by the superscript 
0, the following ratios result 

(15) 

(16) 

(17) 

Making use of the random-pore model (16), 
we obtain 
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Next we try to find a relation between the 
gas-liquid interfacial area SG and the resid- 
ual porosity, @. At this stage, however, it 
becomes necessary to be more specific 
about the physical model assumed for the 
porous structure and the liquid distribution. 
The simplest case would be to assume that 
the liquid forms uniform thin films on the 
walls of cylindrical pores without blocking 
off any of the pore interconnections. Then 

L!F @ ‘n 
so=iF * ( ) 

If, on the other hand, we visualize the pore 
structure as consisting of interconnected 
near-spherical “cells” (19) rather than tu- 
bular capillaries but still assume that the liq- 
uid forms a film on the internal surface, we 
obtain 

(20) 

Although both Eqs. (19) and (20) are 
based on idealized models, we prefer to use 
the latter as it may be physically more real- 
istic. 

Finally, in terms of the liquid loading pa- 
rameter, q, 

ec = eo(l - q). (21) 

Substituting Eqs. (18), (20), and (21) into 
Eqs. (15)-(17), 

c,” 
c,o= (1 - qY’ (22) 

CF c = (1 - q)“3 (23 
I 

CF 
cp = (1 - 4*. 

Experimental confirmation of these equa- 
tions is considered in Part II. 

(c) Flux in the Liquid Phase 

The effective diffusion coefficient in a 
completely liquid-filled pellet is usually 
given by (20) 

D. e 
IC = - DL = CyD;. 

7 ’ (25) 

In an analogous fashion we may write the 
flux in the liquid phase of a partially liquid- 
filled pellet as 

dC9 

(i=l,2,. . . ,n) (26) 

where the effective diffusivity in the liquid 
phase becomes 

Dk = e D!-H. = CLD!-H. IC +rr 211. (27) 

The partition coefficient Hi has to be in- 
cluded here since Eq. (26) has been written 
based on the gas-phase concentration gradi- 
ent. Also, eL and 7L now correspond only to 
the liquid phase in the pores. If we assume 
a relation similar to Eq. (18) for the liquid- 
phase tortuosity, then 

c,” e = q*. (28) 

(d) Transport and Reaction in SLPC 
We consider a mixture of n gaseous spe- 

cies, the first m of which participate in a 
single homogeneous liquid-phase isother- 
mal catalytic reaction in SLPC: 

(2% 

The rest of the species are assumed to be 
inert. The steady-state differential material 
balance in SLPC takes the form 

(i=l,. . . ,m), (30) 

where it has been assumed that the average 
liquid-film thickness is small enough so that 
the effectiveness factor for the liquid film is 
essentially unity. The shape factor h = 0, 1, 
and 2 for the planar, cylindrical, and spheri- 
cal geometries of the pellet, respectively. 



186 DATTA AND RINKER 

For the inert species 

f $ (ZhN;) = 0 

(i = m + 1, . . . , n). (31) 

These equations are subject to the bound- 
ary conditions 

z = 0; N; = 0 (32) 

z = L; Xj = Xisy P = P,. (33) 

In general, under isothermal conditions, 
the rate of chemical reaction per unit vol- 
ume of the liquid phase, R, is a function 
only of the concentrations of the reacting 
species in the liquid phase. This can be re- 
lated to the local gas-phase composition as- 
suming equilibrium. Thus 

R = R(xiy P) 

(i = 1, 2, . . . , m). (34) 

For inert components, Eq. (31) yields 

Ni = 0 (i=m+ 1,. . . ,n). (35) 

For the reacting species, the fluxes are 
related by stoichiometry 

NiINj = ViIVj (i = 1, . . . , m). (36) 

Thus, Eqs. (30), (3% and (36) along with 
the flux model Eqs. (1) (5), (6), (8), (26), 
and (27) represent the complete model for 
transport and single reaction of gaseous 
species in SLPC. Their solution leads to the 
effectiveness factor defined by 

(h + l)Nis 
(37) 

This completes the general formulation of 
the problem. 

3. ILLUSTRATIVE EXAMPLE 2 

We consider next a simple example of 
diffusion and reaction in SLPC to highlight 
the salient features of the above theoretical 
model. The example considered involves a 
single, irreversible, first-order, homoge- 
neous, catalytic reaction in the liquid phase 
of gaseous reactant A to form the gaseous 
product B in the presence of a large excess 

where the Thiele modulus (bp is 

+p = L (qe;y)“2. (43) 

Equation (42) reduces to the appropriate 
expressions for planar, cylindrical, and 
spherical geometries for the shape factor h 
= 0, 1, and 2, respectively. 

of an inert gas I, e.g., an isomerization re- 
action, 

A-, B. 

Such a test reaction for SLPC has been sug- 
gested (21). 

For this case, Eq. (8), along with Eq. (36) 
(and assuming NiINj = N”lNy), yields 

1 1 
+- 

@Be 
+ -. (38) 

D&e 

Further, since MA = MB, dPldz = 0, from 
Eq. (6); i.e., the pellet is isobaric. Thus, 
substituting Eqs. (5) and (26) into Eq. (I), 
we may write the overall flux as 

dC: 
NA = -DA~z (39) 

where DAM = DGAe + Dke. Substituting the 
appropriate equations, in terms of liquid 
loading, finally, 

DAM = 

where 

C?(l - d2 
1 I 

+-+ 
DAB (1 - 4)"3&A 

+ CfHAD~$, (40) 

D (41) 

Further, since xt + 1, we may assume it 
to be constant. Then Eq. (30) may be solved 
directly for a first-order irreversible reac- 
tion (22): 

(42) 
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Equation (43) is rearranged and written 
as 

where the Thiele modulus for the com- 
pletely liquid-filled pellet (4 = 1) is 

4,” = L (S)“‘. (45) 

The rate of reaction per unit external sur- 
face area for the SLPC pellet becomes 

~“~HAkAc~sEp. (46) 

Finally, it is convenient to write the rate of 
reaction, rA, as a ratio involving the rate for 
a completely liquid-filled pellet, rk . Thus, 

E &=‘A= P 
rk qE; 

(47) 

where Eb is the effectiveness factor for a 
completely liquid-filled pellet. 

4. RESULTS AND DISCUSSION 

The expressions obtained for the exam- 
ple illustrated above are next used to study 
the behavior of SLPC systems. The effect 
of liquid loading q on the flux of a gaseous 
species in liquid-impregnated porous media 
can be illustrated by plotting the overall ef- 
fective diffusivity, DAM, given by Eq. (40), 
as a ratio relative to the effective diffusiv- 
ity, Ox,, for the dry support, obtained by 
substituting q = 0 in Eq. (40). This ratio is 
plotted in Fig. 1 versus the liquid loading, 
using values for the gas and liquid diffusivi- 
ties such as 2.7 X 10e6 m% for DAa, 8.8 X 
lom6 m% for DAi, 2.5 x lo-’ m2/s for DkA, 
and 4.4 x 10e9 m2/s for I&. For gases of 
low solubility in the liquid, the partition co- 
efficient is small, e.g., HA = 1 or less, and 
the liquid-phase contribution to the overall 
transport is negligible. The curve for HA = 
1, therefore, essentially coincides with the 
curve (1 - q)2. For a gas having a higher 
partition coefficient, the flwr contribution 
of the liquid phase becomes significant and 

FIG. 1. The ratio of the effective diffusivity in a 
liquid-loaded pellet to the effective diffusivity in the 
dry pellet, versus the liquid loading. 

the diffusion in a completely filled pellet 
may no longer be negligibly small. As HA 
increases further, the diffusivity curves 
shift upward and also describe a minimum 
in the effective ditksivity which shifts to- 
ward lower liquid loadings with increasing 
HA. Finally, the effective diffusivity may 
even exceed that for the dry pellet as the 
solubility increases further, e.g., see the 
curve for HA = 2000. It may be noted that 
the range of HA from unity to 2000 used in 
Fig. 1 is not unrealistic. Many hydrocarbon 
vapors and gases have partition coefficients 
between 50 and 500. Vapors of substances 
that exist as liquid around room tempera- 
tures have HA of 2000 or more. 

For most gaseous solutes, the ratio of the 
liquid-phase difTusivity to the gas-phase dif- 
fusivity remains of the order of -10e4, 
whereas the other parameters, HA and kA , 
may vary over a wide range. For this rea- 
son, we assume a set of values of the diffu- 
sivities that we believe are typical, and 
maintaining these constant, we vary HA and 
& (or kA) over a wide range in order to fully 
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ob--%--4 q 
FIG. 2. The effectiveness factor for SLPC slab ver- 

sus the liquid loading for HA = 100 and 4,” varying 
from 1 to 100. 

elucidate the possible behavior of SLPC 
systems. 

Figure 2 shows the effectiveness factor 
for SLPC for slab geometry versus the liq- 
uid loading for a constant value of HA = 100 
and 4,” varying from 1 to 100. In Fig. 3, 4,” 
is maintained constant at 20 while HA varies 
from 1 to 2000. Er reduces with increasing 
HA, the curves passing through a minimum 
before reaching the value Ep = l/4,” for q = 
1. This behavior is merely a reflection of the 
variation of DAM with q for large HA. 

0.1 
4 

FIG. 3. The effectiveness factor for SLPC slab ver- 
sus the liquid loading for I#$ = 20 and HA varying from 
1 to 2000. 

I 
‘A 

I 

HA 

$=20 

/ 
0.d I I I I I 

0 0.2 0.4 0.6 0.6 1.0 
9 

FIG. 4. The dimensionless rate of reaction in SLPC 
slab versus the liquid loading for & = 20 and HA vary- 
ing from 1 to 2000. 

The relationship between the dimension- 
less rate of reaction rk, and the liquid load- 
ing parameter, q, for different values of the 
parameters HA and 4,” is plotted in Figs. 4- 
6. In Fig. 4, HA is varied from 1 to 2000 
while maintaining & constant at 20. Sev- 
eral interesting features become apparent. 
The dimensionless rate not only passes 
through a maximum as predicted by pre- 
vious investigators but also goes through a 
minimum over a wide range of values of 
HA. For low solubility of a gas, e.g., for HA 
= 1, the minimum occurs very close to full 
liquid loading and the difference may not be 
discernable. However, as HA increases, the 
maximum drops but the minimum becomes 
more pronounced. Thus, it may be possible 
to see the same rate of reaction for three 
different values of the liquid loading for 
physically realistic values of HA. As HA be- 
comes very high, the curves flatten out and 
rk increases monotonically with q. It may 
be noted in this region of high solubility that 
the rate is maximum at full liquid loading 
thus implying that the diffusion limitations 
are small. It is also apparent from the figure 
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0 Cl2 0.4 0.6 0.8 1.0 
9 

FIG. 5. The dimensionless rate of reaction in SLPC 
slab versus the liquid loading for HA = 100 and & 
varying from 0.1 to 100. 

that the advantages of SLPC are most evi- 
dent for systems of low solubility. 

In Fig. 5, 4,” varies from 0.1 to 100 for a 

IO- I I I I 

q 

FIG. 6. The dimensionless rate of reaction in SLF’C 
slab versus the liquid loading for HA = 5 and & vary- 
ing from 0.1 to 100. 

constant value of HA = 100. The two limit- 
ing cases for & may be obtained as follows: 

(a) & is small; i.e., the reaction rate is 
kinetic controlled. Thus Ep and J$ + 1, and 
from Eq. (47) 

l-k = q. (48) 

The dimensionless rate thus increases lin- 
early with q. 

(b) & is large, so that except for small 
liquid loading, &, also is large. Thus, from 
Eq. (47) 

In other words, the rate is diffusion con- 
trolled and the dimensionless rate becomes 
independent of the rate constant kA . 

These two limits may be seen in Fig. 5, 
where &= 0.1 corresponds to Eq. (48), and 
for 4; > 10, the dimensionless rate depends 
upon & only at small q. Figure 6 is similar 
to Fig. 5, the only difference being that HA 
= 5 instead of 100. 

It may finally be mentioned that the rich- 
ness of behavior of SLPC systems exhib- 
ited by the theoretical model developed 
here is not without some experimental cor- 
roboration. The existing experimental rate 
studies of SLPC have been compiled re- 
cently (I). Their Fig. 10 clearly demon- 
strates the variety of rate behavior ob- 
served in different SLPC systems. 

5. CONCLUSIONS 

A theoretical model has been proposed 
for the transport and chemical reaction of 
gaseous species in supported liquid-phase 
catalysts. The model is valid for catalytic 
liquids with contract angles less than 90” 
supported on inert porous pellets. For gas- 
phase transport, the solid support along 
with the dispersed liquid is considered as a 
hypothetical porous medium. Similarly, for 
liquid-phase transport, the solid and the gas 
phases together are treated as the effective 
porous medium. The transport equations 
are based on the use of the dusty-gas model 
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for the gas phase and a Fickian flux model 
for the liquid phase. The fluxes in the two 
phases are assumed to be parallel. The vari- 
ation of the dusty-gas constants with liquid 
loading is estimated using a combination 
of the parallel-pore model, random-pore 
model, and interconnected near-spherical 
cell description of a porous medium. 

The results corroborate the existence of a 
maximum in the reaction rate predicted ear- 
lier and also predict other interesting fea- 
tures of SLPC. The predicted trends are 
consistent with the available experimental 
results. 

A 
aG 

B 
cx, 

CP 

CF 

G 

cp, cx 

APPENDIX: NOMENCLATURE 

gaseous component A 
mean radius of residual 

gas pores (m) 
gaseous component B 
concentration of A in the 

gas phase at the pellet 
surface (mol/m3) 

D’Arcy permeability for 
the dry support (m*) 

D’Arcy permeability for 
the residual gas .pore 
space in SLPC (m*) 

dusty-gas Knudsen diffu- 
sion constant for the 
dry porous support (m) 

dusty-gas Knudsen diffu- 
sion constant for the re- 
sidual gas pore space in 
SLPC (m) 

dusty-gas molecular diffu- 
sion constant for the 
dry porous support (di- 
mensionless) 

dusty-gas molecular diffu- 
sion constant for the re- 
sidual gas pore space 
(dimensionless) 

dusty-gas constant for liq- 
uid-phase diffusion (di- 
mensionless) 

concentration of i, A, in 
gas phase (mol/m3) 

concentration of i in the 
liquid phase (moYm3) 

molecular diffusivity of i, 
A, in liquid phase (m*/s) 

binary molecular diffusiv- 
ity in gas phase (m*/s) 

Knudsen diffusivity (Eq. 
(41); m*/s) 

overall effective diffusiv- 
ity of A in liquid-loaded 
support (m*/s) 

effective diffusivity of A 
in the gas phase (m*/s) 

effective diffusivity of A 
in the liquid phase 
(m*/s) 

effective binary, Knudsen 
diffusivity in the dry 
porous support (m*/s) 

mean effective Knudsen 
diffusivity (m*/s) 

effective binary, Knudsen 
diffusivity in the re- 
sidual gas-pore space 
(m*/s) 

effectiveness factor for 
SLPC (dimensionless) 

effectiveness factor for 
completely liquid-filled 
porous pellet (dimen- 
sionless) 

gas-liquid partition coeffi- 
cient for i, A, (mol/m3 
liquid)/mol/m3 gas) 

particle-shape factor = 0, 
1, and 2 for planar, cy- 
lindrical, and spheri- 
cal geometries, respec- 
tively 

first-order homogeneous 
reaction rate constant 
(s-9 

pellet characteristic di- 
mension (m) 

molecular weight of i, A 
molar flux of A in pellet 

(mol/m* s) 
molar flux of i, j, and A, 

respectively, in the re- 



Nis 

P 
PS 

4 

Rs 

rA 

ci 

so 

SG 

T 
VG 

% 

Xi9 xj, XI 

-Gs 
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sidual gas pore space in z radial distance coordinate 
a liquid-loaded pellet in a SLPC pellet (m) 
(mol/m* s) 

molar flux of i at the pellet 
surface (mol/m2 s) Greek symbols 

total pressure (Pa) 
pressure at the pellet sur- & Thiele modulus for SLPC 

face (Pa) (dimensionless) 
liquid-loading parameter & Thiele modulus for com- 

representing the ratio pletely liquid-filled pel- 
of the pore volume oc- let (dimensionless) 
cupied by the liquid (di- O” porosity of dry support 
mensionless) (m3/m3) 

rate of reaction per unit OG porosity of residual gas- 
volume of liquid phase pore space (m3/m3) 
(mol/m3 s) eL volume of liquid per unit 

gas constant = 8.314 J/ pellet volume (m3/m3) 
mol. K Pm viscosity of gas mixture 

rate of reaction per unit (Pa - s) 
external surface area of Vi stoichiometric coefficient 
pellet (mol/m2 s) of i 

rate of reaction per unit pp density of dry support 
external surface area (kg/m31 
for completely liquid- 7 tortuosity factor 
filled pellet (mol/m2 s) 7G tortuosity factor for resid- 

rate of reaction defined ual gas pore space 
by Eq. (47) (dimension- 7L tortuosity factor of the 
less) liquid phase in the 

surface area of dry porous pores 
support per unit mass 
of a pellet (m2/kg) 
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