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Equilibrium adsorption and the flux of adsorbable gases 
through porous media with homogeneous surfaces have been of 
experimental interest for many years. A number of theoretical 
models have addressed this system as the initial case for more 
complex situations. However, most of these thmries do not at- 
tempt to represent all possible cases with a single model based on 
statistical mechanics and utilizing intermolecular potential pa- 
rameters. Instead, only one property or type of system is consid- 
ered. 

Part I (Lee and OConnell, 1985) has developed a fully general- 
ized theory that includes the essential molecular phenomena and 
formulates expressions for all the measurable properties of pure 
and mixed systems at submonolayer coverages. The present paper 
describes application of the model to gases physically adsorbed on 
graphitized carbon blacks with surfaces that are essentially ho- 
mogeneous. Difficulties and inconsistencies of data analysis are 
discussed and a strategy for fitting the several molecular parame- 
ters to the data is indicated. 

CONCLUSIONS AND SIGNIFICANCE 

Equilibrium and transport data for several pure nonpolar and 
polar gases have been examined and compared with correlations 
from the model of Part I. The agreement is probably within ex- 
perimental error in all cases; the best results occur when the val- 
ues are compared directly with measurements rather than with 
manipulated information. As expected, surface diffusion results 
are quite sensitive to the parameters of the structured adsorption 
potential but equilibrium isotherm data are not. Localized ad- 
sorption is always present to some degree, even on graphitized 
carbon black surfaces. 

At low temperatures, the structure of the adsorption potential 
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is the dominant factor for surface diffusion. At higher tempera- 
tures, normal vibration and its anharmonicity have an important 
effect. However, since the model formulation is based on known 
physical phenomena, it provides a parameterization for these ef- 
fects that uses temperature-independent quantities having values 
that are consistent with other information. 

Application to mixed gas adsorption is also successful. Further, 
the case of binary flux of adsorbable and nonadsorbable sub- 
stances with interactions between the bulk and adsorbed phase is 
well predicted. 

Finally, an initial attempt at estimating the important parame- 
ter for surface diffusion indicates that for these surfaces, rough 
predictions of surface flux might be made using only equilibrium 
information. 
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INTRODUCTION 

The theory presented in Part I of this study is a complete theory 
for submonolayer equilibrium adsorption and porous bed flux of 
pure components and mixtures when there is homogeneous sur- 
face adsorption. Based on a single statistical mechanical model 
for partially mobile adsorption and on a single set of parameters, 
the theory provides a realistic description of flow from the local- 
ized limit to the mobile limit. It also provides a method for treat- 
ing the interactions between surface flow and bulk flow quantita- 
tively. Therefore, the theory should be applicable over wide 
ranges of temperature and of pressures up to those at which the 
bulk flow changes from the Knudsen regime to the intermediate 
regime. In this paper, results of the theory of Part I are compared 
with data for the adsorption and flow on graphitized carbon 
black surfaces that are essentially homogeneous. 

BASIC EQUATIONS AND CONCEPTS 

The equations given in Part I that are to be applied to equilib- 
rium data include Eq. 41, which gives the adsorption isotherm 
for a pure ideal gas phase, and Eqs. 33-40 for mixed adTorption. 
Equation 42 is used for the pure component isosteric heat of ad- 
sorption. 

The equations for transport cover several cases. For pure com- 
ponents under a pressure gradient the porous bed permeability 
uses Eqs. 52 and 54, total flux uses Eqs. 50 and 53, while the total 
diffusion coefficient uses Eqs. 49 and 55. If only the pure compo- 
nent surface diffusion coefficient is of interest the relevant equa- 
tions are 81-91. For mixed gases the transport equation for the 
tracer diffusion coefficient is Eq. 92 while for two-component to- 
tal flux the equations are 56 and 100-103. 

Table 1 gives the types of data and sources we compare with the 
model. The model is valid for submonolayer adsorption and 

when the bulk flow is in the Knudsen regime for pure components 
or the total pressure is constant for mixture. The theory cannot in- 
dependently define a “monolayer,” but it is expected to be appli- 
cable close to the BET monolayer which is, in our terms, a frac- 
tional coverage, 8, of about 0.4. (The value of 8 is the fraction of 
surface covered by admolecules, not the fraction of the monolayer 
amount.) Knudsen flow occurs when the mean free path is much 
larger than the pore diameter. If the ratio of the mean free path to 
the pore diameter is not much greater than unity, the usual 
method of calculating the gas phase flux of the adsorbable com- 
ponent from the helium flux by the molecular weight correction 
becomes unreliable. Such problems related with these porous me- 
dia are discussed by Ash and Barrer (1967), for example. 

MODEL PARAMETERS AND DATA ANALYSIS 

For a porous plug, the values of the physical quantities of spe- 
cific surface area A, void fraction E ,  surface area per unit bed vol- 
ume u, and Knudsen diffusion coefficient D,X‘ for helium must be 
determined experimentally. Although Knudsen diffusion coeffi- 
cients obviate the need for tortuosity, 7,  in pure component sys- 
tems, mixture flow calculations require its value along with the 
bulk gas phase mutual diffusion coefficient Di,. This last property 
may be determined from a known correlation (e.g., Reid et al., 
1976). Table 1 gives the values of all but D, for the systems we 
studied. Thesite density, es, and the nearest neighbor distance be- 
tween sites, uav, are best determined from the structure of the solid 
surface. For graphite basal planes, we have set these values as 
0.00192 nm- and 0.0514 nm, respectively. 

In addition to the above adsorbate characteristics, the physical 
model requires a surface effectiveness factor 6 that corresponds to 
the surface tortuosity discussed by Barrer and Gabor (1960) and 
Lee and O’Connell(1972), among others. Theoretically, its value 
may range from 1 to 10, the higher values corresponding to ad- 

TABLE 1. SUMMARY OF DATA ON GRAPHITIZED CARBON BLACKS 

Surface Average 
Area, Void Pore Tortuo- Knudsen True 

Adsor- Adsor- A Fraction Dia. sity Diff. Density Type of 
bate bent m2/g-’ € 2Y,, >nm T Coeff. x l o r3  g / c d  Data* * Reference 

Graphon 
Graphon 
Graphon 
Graphon 

Graphon 

Graphon 
FTG-D5 

Graphon 
FTG-D5 

Graphon 
FTG-D5 

78.9 0.42 
78.9 0.42 
89 0.50 
89 0.38 

M.1 0.54 

89.6 0.65 
13 - 

97.6$ 0.51 
13 - 

97.6$ 0.51 
13 - 

1.74 
1.74 

(3.28) 
4.32 

5.08 

8.34 
- 

3.28 
- 

3.28 
- 

1.97 
1.97 
1.89t 
1.89t 

1.99 

1.95 
- 

1.89 
- 

1.89 
- 

AD, PM 
AD, TD, PM 
AD, SD, TRD 
AD, TF 

AD, SD 

AD, CF (He) 
AM(CZHB,CJI~) 

AM(C3Hd 
AD, SD, PM 

AD, SD, PM 
AM (C3H87 C2H4) 

Ash et al. (1967) 
Ashet al. (1967) 
Pope (1967) 
Lee and O’Connell 

(1975) 
Ross and Good 

(1956) 
Bell (1971) 
Friederich and 

Mullins (1972) 
Horiguchi (1971) 
Friederich and 

Mullins (1972) 
Horiguchi (1971) 
Friederich and 

Mullins (1972) 

’ DI, & @ c m 2 r - l  (gmol-’K 
AD, Adsomtion isotherm; PM, Permeabilitv; SD, Surface diffusion coefficient; TD. Total diffusion coefficient; TRD, Tracer diffusion cafficient; TF. Total Fltlx; CF, Coun tdow flux (with an. .. 

other cnmponent); AM, Binary adwrption (with another component) 
t Assumed valuc for p r w n t  calculation 
$ Rased on N2 area uf 0.2 nrn2 imtead of usual 0.162 nrnz 

~ ~~~ 

Page 108 January, 1986 AlChE Journal (Vol. 32, No. 1) 



sorbed molecules having great difficulty moving from one carbon 
particle to another. Barrer and Gabor postulated that this process 
was actually accomplished by activated desorption in the course 
of surface diffusion since local equilibrium between bulk and sur- 
face phase means that surface flow is likely to utilize the bulk path 
when it is more favorable. Thus, a low value of 1.3 has been cho- 
sen here. We find it is adequate for all homogeneous adsorbents 
because, unlike the tortuosity factor for Knudsen diffusion, r ,  it is 
insensitive to the overall wid fraction of porous plugs (Lee and 
O’Connell, 1975). This is probably because the overall void frac- 
tion varies only with the macropore structure, while the micro- 
pore structure, which is important for surface diffusion, is little 
affected. However, the value of 6 could vary in particular situa- 
tions. 

Our theory of adsorption and surface diffusion requires six po- 
tential parameters (V,,, Y,, as,, q, a,[,, and eG,) for each component. 
Potential parameters used for the present calculations are listed in 
Table 2 except for a,,, which is assumed to be 0.03 nm for all sub- 
stances. None of these parameters can be determined accurately 
from bulk properties. The values of uHi and eGi can be well defined 
by fitting the concentration dependence of the equilibrium ad- 
sorption isotherms. There appears to be a connection between eGi 
and a,, and their corresponding bulk parameters, as discussed be- 
low. However, since the solid affects the admolecular interaction 
(Sinanoglu and Pitzer, 1960) and relative orientation on the sur- 
face may not be random as in the bulk gas phase, these are best 
found by fitting pure component adsorption data. The parame- 
ters ei and us, characterize the structured surface potential and ad- 
sorbate mobility, as discussed below. 

Because of correlations between the parameter values el, U,  
and u[, the latter two are determined by simultaneous fitting of 
the Henry’s constants and the zero coverage surface diffusion co- 
efficients, while the first is then found from the coverage depen- 
dence of the transport. In this last fitting, it should be noted that 
local fluxes are readily calculated from Eq. 56 of Part I .  However, 
the partial pressure profile is not generally known experimentally 
in an integral plug, so the calculation is started with an assumed 
(e.g., linear) pressure profile. Then, dCi/dl and the amounts ad- 
sorbed are calculated from Eq. 60 of Part I. At steady state, the 
pressure profile should be such that, at any point in a plug, the 
sum of bulk flux and surface flux is a constant. Thus, convergence 
leads to a profile in which the partial pressure at any point 
changes linearly with the calculated flux of the corresponding 
component up to that point. 

Measurements of surface diffusion coefficients are subject to 
several errors. The first source is related with the usual assump- 
tion of steady state. Even after waiting a sufficiently long time 
(Horiguchi et al., 1971), since the flow is measured by the pres- 
sure change, the situation is at best a pseudosteady flow (Lee and 
OConnell, 1972). The next problem is related with differentia- 
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Figure 1. Adsorption isotherms for SF6 on Graphon. 

tion of the experimental adsorption isotherms, which is often 
done numerically. We have found significant inconsistencies in 
surface diffusion coefficients from this. As a result, the experi- 
mental information may have errors. The following are our best 
attempts to analyze all the data available and present compari- 
sons with the model of Part I. 

COMPARISONS WITH DATA 

Adsorption isotherms and total diffusion coefficients for SF, on 
Spheron 6 (2700) are shown in Figures 1 and 2 (Ash and Barrer, 
1967), while the total permeability (K,T RT) at high temperature 
is compared with calculated values for SF, and Ar in Table 3. 
Over a very wide range of temperature, the experimental Henry’s 
constants, adsorption isotherms, and temperature and concentra- 
tion dependence of total diffusion coefficients agree well with cal- 
culated values. The total permeabilities for SF, and Ar also proba- 
bly agree within experimental error, although the calculated 
values are consistently low, perhaps due to our universal choice of 
1.3 for 6 .  It should be noted that at the low temperatures of Fig- 
ure 2, the surface diffusion is limited by the structured potential, 
whereas at the high temperatures of Table 3, the accommodation 
of normal vibrations is also important. 

Adsorption isotherms and surface diffusion coefficients for SO, 
(Pope, 1967) are compared with calculated values in Figures 3 
and 4. The composition dependence of both pure component and 
trace diffusion coefficients agree very well with the data; only the 
experimental inconsistency at zero coverage c a w  the apparent 
discrepancy. We have chosen the pressure flow limit as the correct 
one. It is higher than the tracer flow limit, so the differences are 
larger for this property. 

TABLE 2. MODEL P ~ E N T I A L  PARAMETERS 

Ar 7.61 0.70 
SF, 14.73 0.90* 
so2 19.29 0.40 
CHC1, 25.65 2.18 
c,H, 13.18 0.85 
C,H, 18.74 2.08 
C3H.S 18.03 1.38 
G H , ,  22.17 1.25 

2.72 0.295 3.18 
10.5’ 0.42 7.32 
9.0 0.34 9.00 

13.0 0.46 9.41 
6.7 0.42 6.28 
8.4 0.455 6.90 
8.4 0.46 6.90 

10.0 0.50 7.11 

’ Anharmonicity corrected with z = 0.025 in Eq. 106 part I .  

I 
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AMOUNT ADSORBED mrnol/kg 

Figure 2. Surface diffusion coeftlcients for SF6 on Graphon. 
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Figure 3. Adsorption isotherms for SOz on Graphon. 

TABLE 3. COMPARISON OF TOTAL PERMEABILITY (KiTR'I') MIR SULFUR-HEX- 
AFLUORIDE AT HIGH TEMPERATURES (10-3cm2/s) 

Ashetal. 
Component Temp. K Calculated (1967) 

9.64 9.3 
7.69 7.9 
6.44 6.9 
5.75 6.3 
5.48 6.0 

10.38 9.17 
7.61 8.92 
7.04 8.09 
6.93 7.90 303 

323 6.93 7.71 

SF8 

Ar 

Experimental adsorption isotherms and total flux data for 
CHCl, are compared with calculated values in Figures 5 and 6. 
The flux does not involve the derivative of the adsorption iso- 
therm and thus can be compared directly with calculated values 
for testing the theory The better data consistency and agreement 
in this comparison may be due to being able to compare directly 
with measured, rather than manipulated, data. 

Surface diffusion coefficients and adsorption isotherms for 
n-butane are compared with calculated values in Figures 7 and 8. 
The effects of interactions between the bulk and surface flows are 
important as can be Seen by the r parameters from Eqs. 58 and 59 
of part I as given in Table 4. For SO,, SF, and CHC13 the r values 
are within 10 % of unity, while here they are more than 1.4 at the 
hi est coverages. The interaction, as indicated by the values of 
ri and rf, increases both the bulk flow and the surface flow as the P 
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Figure 4. Surface diffusion coefflclents for SOz on Graphon. 
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Figure 5. Adsorption isotherms for CHCi3 on Graphon. 

amount adsorbed increases. Since the former is larger, the inter- 
actions affect the bulk flow the most. Table 5 compares our calcu- 
lations of the interaction contributions with those from Thakur et 
al. (1960). Our values are consistently less for two reasons: our 
fraction of mobile admolecules is not unity as Thakur et al. (1980) 
assumed, and our admolecular area is normalized differently. 
However, the trends are consistent. 

Figure 9 shows equilibrium data and calculations for ethane 
and propylene on Graphon. Our analysis of Horiguchi's transport 
data for propylene and ethane as shown in Figures 10 and 11 en- 
countered two problems in addition to those from measurement 
and manipulation of flux data mentioned above. First, the refer- 
ence helium flux deviates from the Knudsen temperature behav- 
ior, causing uncertainties in the bulk flux. Second, the pressure 
range probably puts the bulk into the intermediate region, pre- 
venting accurate estimation of the adsorbable substance bulk 
phase flow. At 273 K and 1 atm (101.3 kPa), the mean free path, 
A, for propylene is about 4 nm when calculated from the equation 

x - l/&?ro;p (1) 
where n is the number density. This corresponds to about 115 of 
the mean pore radius. However, the helium flow may have been in 
the Knudsen regime because of its smaller size and X at this pres- 
sure. The constancy of permeability over a range of pressure 
(Horiguchi et al., 1971) is indicative of this. Thus, the 10% dis- 
crepancies in the calculated and experimental surface permeabil- 
ities may be due to experimental uncertainties for the adsorbed 
gases. It is interesting to note that the maximum in the propylene 
permeabilities at low coverages is reproduced by our calculations. 
For ethane, however, although the magnitudes of the values are 
similar, the agreement in the pressure dependence of the perme- 
abilities is probably unsatisfactory. We could have reproduced the 
pressure dependence by changing the values of 6 and ti, but more 
data would be needed to establish whether this is appropriate. 

2.5 I I I I I 
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1.5 

1.0 

. O  Dmta of Lb. and O'connali l i e 7 5  
0.5 

0 2 4 6 8 10 

PRESSUREDIFFERENCE kPa 

Figure 6. Total flux for CHC13 through Graphon plug. 
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TABLE 4. BULK AND SURFACE FLOW INTERACTION PARAMETERS FOR EQS. 44 AND 48 OF PART I 

ric ri6 r i M  

Adsorbate Temp. K fi, Low 9 High 0 t Low 9 * High 0 t Low 0 * High 0 t 
n-Butane 303 

314.7 

Propane 299.2 
332 
367 
408 

Prop ylene 273 
298 
323 

Ethane 273 
298 
323 

0.584 
0.620 

0.718 
0.781 
0.827 
0.864 

0.648 
0.715 
0.766 

0.995 
0.833 
0.861 

1.26 
1.28 

1.29 
1.30 
1.33 
1.35 

1.22 
1.25 
1.28 

1.26 
1.28 
1.29 

1.42 
1.46 

1.55 
1.63 
1.71 

1.47 
1.54 
1.61 

1.62 
1.68 
1.73 

- 

1.00 
1.00 

1.01 
1.03 
1.07 
1.15 

1 .oo 
1.01 
1.01 

1.02 
1.03 
1.05 

1.01 
1.02 

1.05 
1.16 
1.40 

1.01 
1.03 
1.06 

1.05 
1.11 
1.20 

- 

1.03 
1.04 

1.27 
1.59 
2.13 
3.09 

1.04 
1.09 
1.17 

1.16 
1.26 
1.40 

1.41 
1.66 

2.63 
5.03 
9.59 

1.18 
1.43 
1.87 

1.61 
2.08 
2.76 

- 

* Amount adsorbed is 2.5 cm3(STP)g- I 
t Ainountadsorbedis7.5cm3(STP)g-l 

TABLE 5. COMPARISON OF INTERACTION PARAMETER riM FOR WBUTANE AT 

314.9 K 
Pressure Thakur et al. 

kPa Present (1980) 

14.3 1.02 1.13 
27.2 1.04 1.58 
54.1 1.07 1.79 

106.4 1.19 2.04 

. 0 Data 01 Rosa and Good ( 1956) 

Calculatmd 

As a final note on these hydrocarbon systems, we update our 
previous (Lee and O'Connell, 1974) comparisons of mixture equi- 
librium adsorption calculations from the present model to experi- 
mental data for binary mixtures of propane, propylene, ethane, 
and ethylene (Friederich and Mullins, 1972). Since no transport 
data were available at that time, we estimated values of U~ and ei 
for these substances in order to do the analysis. With the some- 
what different present values obtained from pure component &- 
fusion data, we still obtain good agreement with the isotherms in 
the mixed systems, showing the insensitivity of equilibrium prop- 
erties to details of the model. 

The last transport data set to be compared is Bell's (1971) coun- 
terdiffusion data of propane and helium. The adsorption iso- 
therms and compared in Figure 12. Total flows of helium and 
propane are compared in Figures 13 and 14 with calculated val- 
ues using Eq. 57 of Part I. Several pieces of information had to be 
established differently here. Bell did not report the helium perme- 
ability data, so we had to estimate the Knudsen diffusion coeffi- 

1 I I J 
0 100 200 300 

AMOUNT ADSORBED mmol/kg 

Figure 8. Surface diffusion coefficients for n - C4HIO on 
Graphon. 

cients by Eq. 47 of Part I using the measured average pore diame- 
ter. These are shown in Figure 13. Also, we used this optimized 
value of r. Because of the meager amount of data, we estimated et 
using an idea discussed below. It was taken as 36 % of the zero cov- 
erage isosteric heat of adsorption. Finally the other parameters 
were obtained from the adsorption isotherm data. The data and 
theory show that interactions between bulk and surface flows and 
between bulk flows are significant. The model appears to satisfac- 
torily describe the data, although, as above, the bulk propane 
flow may not be strictly in its Knudsen regime. Therefore, it ap- 
pears that surface diffusion in homogeneous graphite systems 

4001 I I I I I 1 1  

m . 0  Data 01 R w a  and oood (1956) 

300 - 

AMOUNT 

mmollKg 
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Figure 7. Adsorption isotherms for n - C4HI0 on Graphon. 
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Figure 9. Adsorption isotherms for C3H8 and C2H8 on 
Graphon. 
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Flgure 10. Surface permeabllitles for C3H6 through Graphon Flgure 12. Adsorption Isotherms for C3H6 on Graphon. 
Plug. 

may be predicted using surface structural informatio?, equilib- 
rium adsorption data, and Knudsen f l ~  measurements. 

Finally, the zero coverage isosteric heat of adsorption can also 
be calculated from the parameters listed in Table 2 using Eq. 42 of 
Part I; the results are shown in Table 6. They agree with other cal- 
culated or experimental values to within f l kJ/mol-l except for 
normal butane, where the data appear almost independent of the 
amount adsorbed (Ross and Good, 1956). Such a coverage depen- 
dence is unusual for homogeneous surfaces. The agreement with 
calculated values is good at higher coverages but disagrees at 
lower coverages. 

For example, the hydrodynamic flow model (Gilliland et al., 
1958) would be expected to fail for strongly adsorbed substances 
(Horiguchi et al., 1971). The hopping model (Weaver and 
Metzner, 1966) would be unsatisfactory if the mobile fraction of 
admolecules is significant, as in most of the cases here. In addi- 
tion, its dependence on surface coverage must be found empiri- 
cally (Okazaki et al., 1981). Finally, these methods are incom- 
plete because they ignore the interaction between bulk and 
surface flows (Thakur et al., 1980). This interaction is always 
present, and can be assumed negligible only if the bulk flow is in- 
significant (Lee and OConnell, 1975). As can be seen, the present 

DISCUSSION 

The breadth of application of this model can be compared to 
models limited to equilibrium adsorption only such as that of Ross 
and Olivier (1964) and those limited to only certain surface flows. 

J:. 

1 0 0  

0 0 1 :i 2 1 Y- . .'adlclad 
No propma flow _ _ _  

I 

0 1 2 3 4 

INGOING PRESSURE x lO.'kPa 

I I I I I 
0 2 0  4 0  60 80 1 0 0  

MEAN PRESSURE kPa 

Figure 11. Surface permeabllltles for C2H6 through Graphon Flgure 13. Helium flux counterdlffusing agalnst propane 
Plug. through Graphon plug. 

COMPARISON OF LIMITING LSOSTERIC HEATS OF ADSORFTION, kJ-mol-' TABLE 6. 

Component Temp., K Calc. Em. Reference 

(323) 
273 
473 
273 
278 
273 
273 
299 
303 

9.7 
26.5 
17.9 
25.1 
34.6 
17.6 
24.7 
23.7 
26.9 

10.0 

18.8 

33.5' 
18 
25.5 
23.0 
33.5 

- 

- 

Ash et al. (1967) 

Ash et al. (1967) 

Ross and Olivier (1964) 
Horiguchi, et al. (1971) 
Horiguchi, et. al. (1971) 
Taylor and Athns (1966) 
Ross and Good (1956) 

- 

- 

* Chromatographically determined value on graphite. 
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4. only the adsorption isotherm data, and E ~ ,  can be determined. 
With this procedure, the predicted transport properties agree 
with the above fitted results within 30 % except for the SF, system 
at temperatures below 273 K, where the error is up to 100 % . Fur- 
ther developments in this estimation method will be communi- 
cated later, as will applications to heterogeneous carbon and 
other surfaces. 

2 b  @ 2 9 9 K  

0 1 2 3 4 

INGOING PRESSURE x kPa 

Figure 14. Propane flux counterdiffusing against helium 
through Graphon plug. 

model applies to all cases and yields parameters with physical sig- 
nificance, many of which are applied in all cases. 

The potential parameters listed in Table 2 appear constant over 
a fairly wide temperature range. Although it is difficult to judge 
from their graphical representation, the present methods seem to 
describe adsorption equilibrium data better over a wide tempera- 
ture range than does the completely mobile adsorption theory 
presented by Ross and Olivier (1961). The data on SF,, which are 
from 193 to 473 K, required the use of Eqs. 106 and 107 of part I 
to make a correction for anharmonicity for both equilibrium and 
nonequilibrium properties. Using a value of x = 0.025 deter- 
mined from the temperature dependence of Henry's constants, 
the values of v: and E: are 0.75 x s-' and 8.4 kJ/mol-' at 193 
K and 0.59 x 10'2s-' and 6.9 kJlmol-' at 473 K. The impor- 
tance of this effect is small for temperature variations less than 
100 K .  

The value of E,  determines the most important characteristic of 
the structured surface potential. We find that the parameters of 
Table 2 lead to a fraction of mobile molecules that appears physi- 
cally reasonable. There is no unique method of obtaining the site 
size, u-, and the depth of our cylindrical well, E , ,  from the more 
realistic conical well potential of Steele and Ross (1961). However, 
to infer whether our values are appropriate, we can take the ex- 
ample of argon, for which the conical well energy variation is 
about 0.4 kJ/mol-' (Steele, 1973). This would yieldf,, = 0.535 
at 80 K assuming a Boltzmann distribution of kinetic energy over 
the conical potential well. For the cylindrical well model to have 
the samef,,,,, our value of E ,  must be 2.72 kJlmol-' with uR = 0.03 
nm, as we have chosen. (At other temperatures the value of E,  

would be different, but the low temperature comparison is most 
valid.) Regardless of the energy barrier values, it is important to 
realize that the mobile fraction is never unity, even for argon. 
While variations from unity may not be readily discernible for 
any equilibrium property calculation, they cannot be ignored for 
transport properties. 

The differences in intermolecular interactions of gas phase 
molecules and of admolecules makes it difficult to develop a 
method for predictingpotential parameters needed for the calcu- 
lation. Nevertheless, for a crude prediction of surface diffusion on 
graphitized carbon blacks we find the value of E,  can be taken as 
36 % of the isosteric heat of adsorption at zero coverage. The vi- 
brational frequency may be taken as 1 x 10'2s-'. Then, using 
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NOTATION 

A 
C 

D = diffusion coefficients, m*K '  
f i m  

J = flux, mol/rn-'*s-' 
K = permeability, mollm-'*Pa-'*s-' 
I 
n 
R 
T = temperature, K 
Uo 

= surface area of solid per unit mass, m'lkg-' 
= amount adsorbed per unit bed volume, 

m ~ i i m - ~  

= mobile fraction of admolecules of compo- 
nent i 

= coordinate along the axis of flow, m 
= number density per unit volume, m-' 
= gas law constant, 8.314 J/mol-'-K-' 

= potential of admolecules, Jlmol-' 

Greek Letters 

r = gas-adsorbate interaction coefficients 
6 = effectiveness factor for surface diffusion 
E = voidfraction 
ei = admolecule-site interaction energy param- 

eter, J/mol-' 
eGi = admolecule-admolecule interaction energy 

parameter, Jlmol-' 
8 = fraction of surface covered by admolecules 
X = mean free path, m 
v = frequency of vertical vibration, s-' 
e = number density per unit surface area, mP2 
u = surface area per unit bed volume, m-l 
uH = hard disk diameter for admolecule-admo- 

us = site diameter, m 
uN 

sites, m 
7 = tortuosityfactor 

lecule interaction, m 

= nearest neighbor distance between surface 

Superscripts 

Ke = effective Knudsen flow 
M 

I 
S = adsorbedphase 
T = total flow 

= superscript for ry defined by Eq. 49 of Part 

Subscripts 

i = componenti 
ii 
s = surfacesites 

= interaction between component i and i 
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