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Il l l 
Thee adsorption of alkanes at elevated 
pressures1 1 

Inn this chapter we focus on adsorption at higher pressures and especially on how 
thee adsorption is influenced by the presence of other molecules in the zeolite. The 
adsorptionn behavior at low pressures is determined by the fit of molecules in the 
poree system, but once intermolecular forces come in to play lif e gets considerable 
moree intriguing. By calculating adsorption isotherms one can identify the driving 
forcess that determine the adsorption behavior. 

3.11 Single component isotherms 

Thee shape of an adsorption isotherm is determined by two configurational effects: (1) 
thee number and energetics of preferential adsorption sites and (2) packing efficiencies 
att higher pressures. Figure 3.1 shows the adsorption isotherms of three C6 isomers, 
n-hexanee (hex), 2-methylpentane (3MP), and 2,2-dimethylbutane (22DMB), in MFI 
andd AFI respectively. The figures clearly show the influence of both factors in two 
distinctlyy different zeolites topologies. MFI comprises intersecting straight channels 
andd zig-zag channels, both with a diameter of 5.5 A. AFI, on the other hand, has 
uni-directionall  pores with a diameter of 7.4 A. 

n-Hexanee has no clear preferential adsorption sites in either of the two zeolites. 
Inn other words at all pressures n-hexane is adsorbed throughout the entire structure. 
Thiss is also shown by the absence of steps in the isotherms. A similar smooth curve 
andd distribution is found for both 3-methylpentane and 2,2-dimethylbutane in AFI. 
Inn contrast, for MFI a clear step is present in the 3MP isotherm. This inflection in the 
isothermm is caused by the preferential adsorption of the somewhat more bulky 3MP 
moleculess at the intersections. The inflection occurs at a loading of 4 molecules per 
unitt cell, which corresponds to the presence of 4 intersections per unit cell. When 
alll  intersections are occupied an extra force is needed (in the form of extra pressure) 
too push additional 3MP molecules in the energetically less favorable positions in be-
tweenn the intersections. 22DMB shows the same preferential adsorption at the inter-
sections,, but 22DMB has no inflection in the isotherm. This is because 22DMB is more 
bulkyy than 3MP and therefor the additional adsorption sites accessible to 3MP are not 

1Thiss chapter is based on refs. [27,77] 
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Figuree 3.1: Simulated pure component isotherms for n-hexane, 3-methylpentane, and 2,2-
dimethylbutanee in MFI (left, T=362 K) and AFI (right, T=403 K). 

accessiblee to 22DMB. The maximum loading of 22DMB in MFI is therefor restricted 
too 4 molecules per unit cell. 

Theree are also large difference between both zeolites in the maximum loading for 
eachh component. In MFI, hexane has the highest maximum loading, followed by 3MP 
andd 22DMB. The opposite is observed in AFI, were 22DMB has the highest maximum 
loading,, and hexane the lowest. The differences are due to configurational entropy 
effects;; molecules with the highest packing efficiency wil l be adsorbed most. Hexane 
cann easily adsorb everywhere in the MFI structure. As a result, hexane molecules wil l 
bee adsorbed until the pore-system is completely full . On the other hand, 3MP and 
22DMBB can only adsorb at certain sites. This restriction on the number of possible 
configurationss means that not all of the available space can be filled with molecules. 
Thee difference in configurational entropy between linear and branched alkanes in 
MFII  is clearly shownn in a snapshot of a 50-50 mixture of hexane and 3MP (Figure 3.2). 
Inn AFI there are no preferential adsorption sites, so the highest loading is achieved 
byy the molecule that packs most easily along a line. 22DMB is the most compact 
moleculee of the three, hence has the highest maximum loading. Figure 3.3 shows a 
molecularr picture of this length entropy effect. 

3.22 Mult i component isotherms 

Thee configurational effects discussed in the previous section play an important role in 
adsorptionn behavior of mixtures. Figure 3.4 shows the adsorption isotherms of 50-50 
mixturee of n-hexane and 22DMB in MFI and AFI at T = 403 K. At low loadings both 
componentss adsorb according to their Henry coefficient, but at high loadings one of 
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Figuree 3.2: Typical snapshot showing the location of a 50-50 mixture of nC6-3MP at 362K and 
1000 Pa. Preferential siting of 3MP alkanes at the intersections between the straight and the 
zigzagg channels is evident. The linear alkane can be located at any position within the silicalite 
structure. . 

Figuree 3.3: Right: The snapshot shows some typical conformations of linear and branched 
hexanee isomers in AFI. Left: The projected end-to-end distance distribution of n-hexane and 
22DMB,, the arrows indicate the effective size of the molecules. 
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Figuree 3.4: Simulated adsorption isotherm of an equimolar mixture of 22DMB and n-Ce in 
MFI-- (left) and AFI-type (right) silica, T=403 K. 

thee components is expelled from the zeolite. In MFI the linear molecule wins because 
itt is not restricted to adsorption at the intersections, like 22DMB is (see Figure 3.2). 
Energetically,, it is more efficient to obtain higher mixture loadings by replacing the 
22DMBB with n-hexane; this configurational entropy effect is the reason behind the 
maximumm in the 22DMB loading in the mixture. In AFI the selectivity is reversed 
inn favor of 22DMB because of the length entropy effect; A higher mixture loading 
cann be obtained by absorbing the most compact molecules. The reader is referred to 
ref.. [27,66,77] for a more extensive review of the entropy effects during sorption of 
alkaness in zeolites. 

Inn the next section these entropy effects are used to rationalize Silicalite mebrane 
permeationn data from Funke et al. [60] and Gump et al. [63] 

3.33 Separation of alkarte isomers by exploiting entropy effects 

Thee separation of isomers of alkanes is a problem that is growing in industrial im-
portance.. New reformulated gasoline specifications are forcing petroleum refiners 
too reduce the amount of olefins and aromatics in gasoline and, consequently, there 
iss a greater need in the refining industry for catalytic isomerization for converting 
straightt chain hydrocarbons to branched hydrocarbons. Branched hydrocarbons are 
preferredd to straight-chain hydrocarbons as ingredients in petrol because branched 
hydrocarbonss burn more efficiently and have a higher octane number. Consider, for 
example,, the isomers of hexane; n-hexane has a RON (Research Octane Number) 
== 30 whereas the corresponding RON values for its isomers are: 2-methylpentane 
(2MP)) = 74.5; 3-methylpentane (3MP) = 75.5; 2,2-dimethylbutane (22DMB) = 94; 2,3-
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dimethylbutanee (23DMB) = 105. In the catalytic isomerization process, straight-chain 
hydrocarbonss are converted to their mono- or di-branched structures. However, the 
productt of catalytic isomerization is a mixture of linear and branched hydrocarbons 
thatt are in thermodynamic equilibrium and the separation of linear hydrocarbons 
fromm their branched isomers becomes necessary. The separation of the hydrocarbon 
isomerss is usually carried out using adsorption in a bed of zeolite 5A particles [78,79] 
inn which the principle of separation is that of molecular sieving. Only the linear 
paraffinn is capable of entering the pores of 5A zeolite and the branched isomers are 
excluded.. One important disadvantage of sorption separation using 5A zeolite is that 
thee diffusivities, and hence the fluxes are very low. Therefore equipment sizes are 
large.. Our research focus is the separation of alkane isomers by exploiting subtle en-
tropyy effects. A careful examination of the physical properties of linear and branched 
alkaness [80], shows that the largest difference between the properties of alkanes iso-
merss is with respect to the freezing point. When a mixture of say n-C6 and 2MP is 
cooledd the first crystals to form wil l be that of the linear isomer. The reason is that 
thee linear paraffin molecules "stack" more easily. Branching destroys the symmetry 
requiredd for crystal formation. In other words the differences in the freezing points 
iss due to differences in "ordering" or "packing" efficiencies. The major drawback in 
applyingg this principle to separate linear and branched alkanes in the gasoline boil-
ingg range is that the temperatures to which the mixtures must be cooled is very low, 
off  the order of 120-180 K. Therefore freeze crystallisation is not a viable technological 
solutionn for separation of isomers in the 4-7 carbon atom range. Ideally we would like 
too be able to exploit packing efficiency, or configurational entropy, differences with-
outt the need to cool to such low temperatures required for crystallisation. To achieve 
thiss goal we consider adsorption of the alkane isomers inside the matrix of an or-
deredd structure, such as that of silicalite-1. Silicalite consists of straight channels and 
zig-zagg channels, which cross each other at intersections. The length of the normal 
hexanee molecule, for example, is commensurate with the length of the zig-zag chan-
nel,, between two intersections [76]. That the linear molecules pack more efficiently 
withinn the silicalite structure is also evidenced by the differences in the saturation 
loadings,, expressed in molecules per unit cell, between linear and branched alkanes 
inn silicalite; see Figure 3.5. We aim to demonstrate in this section that for mixtures of 
linearr and branched alkanes, such differences in "packing" efficiencies could cause an 
almostt total exclusion of the branched isomer. In order to demonstrate our entropy-
drivenn sorption separation of alkane isomers using medium pore-size silicalite, we 
needd to be able to estimate the sorption characteristics of various mixtures of linear 
andd branched alkanes in the 5-7 carbon atom range, of interest as components in gaso-
line.. While there is a considerable amount of published experimental data on pure 
componentt isotherms for various alkanes and iso-alkanes [38,39,75,81,82], there is lit -
tlee or no experimental data on mixture isotherms. This lack of mixture isotherm data 
iss most probably due to the difficulty of experimentation. In this section we discuss 
aa strategy for generating the required mixture isotherms using Configurational-Bias 
Montee Carlo (CBMC) simulations. The study reported here is not only of technologi-
call  importance in the context of isomer separation but emphasises some new scientific 
principless governing sorption of molecules in confined environments such as zeolites 
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Figuree 3.5: Saturation loadings (molecules/unit cell) of alkanes in silicalite-1 obtained from 
CBMCC simulations at T = 300 K. 

andd other nanoporous materials. 
Itt is worthwhile describing the overall structure and strategy to be adopted in this 

sectionn to give some perspective to the individual subsections. Firstly, the entropy-
drivenn separation principle is demonstrated by carrying out mixture simulations for 
isomers.. We seek verification of the entropy separation principle by analysing pub-
lishedd silicalite membrane permeation data of Funke et al. [60] andd Gump et al. [63]. 
Subsequently,, we examine mixtures of linear and branched alkanes where the con-
stituentss have different number of carbon atoms. It is important to remark here that 
wee had first introduced the entropy-driven separation concept in an earlier short 
communicationn [83]; the current communication represents a fuller account of this 
conceptt and demonstrates its generic character. Furthermore, since the publication of 
ourr short communication, new experimental data on permeation of alkane isomers 
acrosss a silicalite membrane have been published by Gump et al. [63]. To rationalise 
theirr experimental data, we performed many more simulations with various mix-
turess under a variety of temperature, pressures and compositions. Our simulations 
offerr a fundamental explanation of their experimental results which is different to 
thatt presented by Gump et al. themselves. 

3.3.11 CBMC simulation results for  pure components and mixtures 

Puree component isotherms of hexane isomers. We first consider the isomers n-
hexanee (n-Cö), 2-methylpentane (2MP), 3-methylpentane (3MP) and 2,2-dimethyl-
butanee (22DMB). The pure component isotherms at various temperatures are shown 
inn Figures 3.6 (a), (b), (c) and (d). A good description of the pure component isotherms 
cann be obtained with the Dual-site Langmuir (DSL) model [84]. Details on the fitting 
proceduree as well as the fitted parameters can be found in ref. [27]. The fitted DSL 

OO linear alkanes 
DD 2-methyl alkanes 
AA 22DMB 
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Figuree 3.6: Pure component isotherms of hexane isomers obtained at various temperatures 
usingg CBMC simulations. 

modell  is also shown in Figure 3.6. It is to be observed that n-C6 shows a slight inflec-
tionn at 0 = 4 due to commensurate freezing [76]. The branched isomers 2MP and 3MP 
alsoo show an inflection at 6 = 4 for some temperatures because these molecules prefer 
thee intersections between the straight and zig-zag channels of silicalite; to push them 
intoo the channel interiors requires an extra "push", leading to inflection behaviour. 
Thee isomer 22DMB is so bulky that it can be located only at the intersections; there is 
noo inflection for this component for the range of temperatures and pressures studied. 

Puree component permeation selectivities across Silicalite membrane Further 
verificationn of the pure component CBMC simulations given in chapter 2 wil l now 
bee obtained by examining experimental results on permeation of pure components 
acrosss a silicalite membrane. Funke et al. [60] have presented data on the ratio of 
permeationn fluxes of (1) n-C6 and (2) 3MP at 362 K and 405 K, keeping the upstream 
hydrocarbonn pressures at 15 kPa; see Table 3 of their paper. They observed the n-
C6/3MPP permeation selectivities to be 1.3 and 1.9 respectively. Let us first try to 
rationalisee these experimental findings. The permeation flux of component 1, say is 
expectedd to be proportional to the Fick diffusivity D\, inside the zeolite matrix and 
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thee driving force for transport across the membrane/ A 9 i , which is the difference 
betweenn the molecular loadings in the upstream and downstream faces of the mem-
brane.. In their membrane experiments the downstream membrane compartment is 
purgedd with inert gas, keeping the partial pressures to near zero values. Therefore 
thee driving force A0i can be taken to be the loading corresponding to the upstream 
pressuree conditions, i.e. ,A9i = ©i corresponding to pi. The flux of any compo-
nentt is therefore proportional to the diffusivity of that component and its molecular 
loadingg at the upstream pressure conditions. The sorption isotherm is therefore an 
importantt determinant in the permeation behaviour across a membrane. From the 
experimentall  data on the pure component permeations in two separate experiments, 
thee permeation selectivity Sp can be calculated as follows: 

DD22 ©2 P\ 

Inn Figure 3.7 (a) the measured values of Sp are compared with the sorption selec-
tivit yy S: 

S=%*S=%* (3.2) 
Ö2P1 1 

determinedd from CBMC simulations. The values of Sp and S are quite close to one an-
other,, suggesting that the ratio of Fick diffusivities Di/D2oi the linear and branched 
isomers,, n-C6 and 3MP, is close to unity. It is noteworthy that the ratio of pure Fick 
diffusivitiess measured by Cavalcante and Ruthven [38] for n-C6 and 3MP is much 
higherr than unity. The precise reasons behind this discrepancy are not known. It ap-
pearss that to interpret membrane permeation data one must measure the pure com-
ponentt Fick diffusivities using the same membrane and not rely on single crystal or 
chromatographicc studies for this information. 

Gumpp et al. [63] have presented experimental results for the permeation fluxes 
off  pure components n-Cg and 22DMB across a silicalite membrane at 353 K and at 
variouss upstream pressures; see Figure 4 of their paper. We calculated the perme-
ationn selectivities Sp for these experiments and compared them with the sorption 
selectivitiess S using the pure component CBMC simulations at 353 K; the compari-
sonn between Sp and S is shown in Figure 3.7 (b). We again note the close agreement 
betweenn the permeation and sorption selectivities. The values of Sp are consistently 
higherr than that of S suggesting that the ratio of Fick diffusivities D] ID2 of the linear 
andd branched isomers, n-Ce and 22DMB, is only slightly higher than unity. It is again 
too be noted that the ratio of pure Fick diffusivities of n-Ce and 22DMB measured by 
Boulicautt et al. [81] is a few orders of magnitude higher than unity and the reasons 
behindd this discrepancy remain unclear. 

Funkee et al. [60] also published experimental results for the permeation fluxes of 
puree components 3MP and 22DMB across a silicalite membrane at 362 K keeping 
thee upstream hydrocarbon pressure at 12 kPa; see Table 5 of their paper. We calcu-
latedd the permeation selectivities Sp for this experiment and compared them with 
thee sorption selectivities S using the pure component CBMC simulations at 362 K; 
thee comparison between Sp and S is shown in Figure 3.7 (c). Once again we note 
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Figuree 3.7: Comparison of experimental data with CBMC simulations for sorption selectivities 
basedd on pure component data. 
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Figuree 3.8: CBMC simulations for 50-50 mixture isotherms for nC6-3MP at 362 and 443 K 

thee close agreement between the permeation and sorption selectivities. The results 
off  Figure 3.7 allow us to conclude that the CBMC simulations can be used with con-
fidencee to estimate the pure component permeation selectivities of hexane isomers 
acrosss a silicalite membrane. 

Sorptionn of n-hexane - 3-methylpentane mixtures Let us now consider sorption 
off  a 50-50 mixture of n-C6 and 3MP at temperatures of 362 K and 443 K. CBMC simu-
lationss for the loadings in the mixture as shown in Figures 3.8 (a) and (b) for a range 
off  pressures. It is interesting to note the maximum in the loading of 3MP at about 
100100 Pa for 362 K and at about 10000 Pa at 443 K. When the pressure is raised above 
thesee pressures the loading of 3MP reduces virtually to zero. The n-C6 molecules 
fi tt nicely into both straight and zigzag channels [33] whereas the 3MP molecules are 
preferentiallyy located at the intersections between the straight channels and the zig-
zagg channels; see Figure 3.2. The n-C6 have a higher packing efficiency within the 
silicalitee matrix than the 3MP molecules. It is more efficient to obtain higher loading 
byy "replacing" the 3MP with n-C6; this configurational entropy effect is the reason 
behindd the curious maxima in the 3MP loading in the mixture. 

Beforee seeking experimental verification of the curious mixture behaviour, let us 
tryy to estimate the mixture loadings from the pure component isotherms using the 
Ideall  Adsorbed Solution theory (IAST) of Myers and Prausnitz [85]. We have cho-
senn the IAST in view of the recent success obtained with the description of mixture 
isothermss of light alkanes in silicalite [83,84]. Details on IAST as well as the fitting 
proceduree can be found in ref. [27]. We see in Figures 3.8 (a) and (b) that the IAST pre-
dictionss are in reasonably good agreement with the CBMC mixture loadings. Some 
deviationss are observed, especially at high loadings. These deviations are caused by 
mixturee non-ideality effects. Funke et al. [60] measured the permeation selectivities 
forr 50-50 mixtures of n-C6 and 3MP at various temperatures, keeping the upstream 
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hydrocarbonss pressure at 15 kPa; see Table 3 of their paper. What is remarkable is that 
thee permeation selectivity for a 50-50 mixture Sp = 24 whereas Sp = 1.3 for the pure 
components.. This high mixture selectivity can be explained by examination of Figure 
3.88 (a), where the upstream pressure (15 kPa) condition of the Funke experiment is 
indicatedd by a vertical line. The upstream pressure corresponds to a situation well 
beyondd the pressure at which the 3MP loading exhibits a maximum and the sorption 
selectivityy is very high. In another experiment at 443 K, the upstream pressure of 15 
kPaa corresponds closely to the pressure at which the loading of 3MP is at its max-
imumm and therefore the selectivity of n-Cö is at its lowest. The CBMC simulations 
alsoo show that in order to obtain high selectivities at 443 K, the upstream pressure 
shouldd be maintained at 1000 kPa. Since at such high pressures, the hydrocarbon 
mixturee would be in the liquid phase, one technological solution would be to operate 
inn the pervaporation mode (upstream compartment in the liquid phase; downstream 
compartmentt in the vapour phase). Matsufuji et al. [86] have shown that high se-
lectivitiess for the separation of hexane isomers can be obtained by operating in the 
pervaporationn mode, underlining these arguments. From the mixture isotherms pre-
sentedd in Figure 3.8 (a) and (b) it becomes clear that configurational entropy effects 
wouldd manifest only at higher pressures, i.e. at high mixture loadings. In order to 
stresss this point, we have calculated the sorption selectivity, S, as a function of the 
totall  mixture loading; the results are presented in Figures 3.9 (a) and (b). The sorp-
tionn selectivity increases sharply beyond a total loading of 4 molecules per unit cell, 
correspondingg to the situation in which all the intersections are occupied. The ex-
perimentall  permeation selectivities Sp, measured by Funke et al. [60], are compared 
withh the sorption selectivities S in Figure 3.9 (c) for a range of temperature condi-
tionss keeping the pressure at 15 kPa. The close agreement between the two sets of 
resultss confirm the configurational entropy effects are the reasons behind the high 
selectivitiess observed at lower temperatures. Such effects diminish with increasing 
temperatures,, when the pressure is maintained constant at 15 kPa. 

n-hexanee - 2,2dimethylbutane mixtures CBMC simulations carried out for a 50-
500 mixture of (1) n-C6 and (2) 22DMB at 398 K, also show that the double-branched 
iss virtually excluded at higher pressures due to configurational entropy effects; see 
Figuree 3.10 (a). From Figure 3.10 (b) we see that the sorption selectivity increases 
dramaticallyy beyond a total mixture loading of 4 molecules per unit cell. Gump et 
al.. [63] have reported the permeation fluxes of 50-50 mixtures of n-C6 and 22DMB 
acrosss a silicalite membrane at 398 K for various upstream hydrocarbon pressures; 
seee Figures 5 and 6 of their paper. Since the flux of any component is proportional to 
thee loading at the upstream face, we would expect the flux of 22DMB to go through a 
maximumm as the upstream compartment pressure is increased, in steps, from say 100 
Paa to 100 kPa. This is precisely what Gump et al. [63] have observed in their exper-
iments.. The experimental fluxes of 22DMB are compared in Figure 3.10 (c) with the 
22DMBB loadings obtained from CBMC simulations. It is heartening to note that the 
experimentallyy observed maximum flux of 22DMB is obtained at the same pressure 
att which the 22DMB exhibits a maximum in its loading. 

Gumpp et al. [63] have also reported the permeation fluxes of mixtures of n-C6 

andd 22DMB across a silicalite membrane at 373 K for various mixture compositions; 
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Figur ee 3.9: Sorption and permeation selectivities for a 50-50 mixture of nC6-3MP at 362 and 
4433 K 
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Figuree 3.10: (a) CBMC simulations of a 50-50 mixture isotherm for nC6-22DMB at 398 K. (b) 
Sorptionn selectivity from CBMC simulations, (c) Comparison of loading of 22DMB with fluxes 
measuredd by Gump et al. [63] 
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seee Figures 1 and 2 of their paper. The most intriguing results are the permeation 
fluxess for 22DMB which show a maximum for a set of vapour compositions yi = 
0.2,, 0.3 and 0.4; see Figure 2 of their paper. In order to understand these permeation 
results,, the molecular loadings of n-Cö and 22DMB were determined for the same 
sett of conditions as in the experiments. Our CBMC simulation results for 22DMB 
loadingss are compared with the 22DMB fluxes in Figures 3.11 (a-c). For yi = 0.2,0.3 
andd 0.4 the 22DMB loading exhibits a maximum at the same upstream pressure at 
whichh the flux maximum is observed. For all three mixtures, the sorption selectivities 
aree shown in Figure 3.12; we see the sharp increase in the selectivity for total mixture 
loadingss in excess of 4 molecules per unit cell. 

Fromm the results presented in Figures 3.9, 3.10 and 3.11 we confirm that configu-
rationall  entropy effects cause the exclusion of the branched isomer from the silicalite 
structure.. Our explanation of the membrane permeation experiments is essentially 
differentt from that proposed by Funke et al. [60] and Gump et al. [63], who consider 
thee n-hexane to effectively "block" the permeation of branched isomers. These au-
thorss do not offer an explanation of their membrane permeation experimental results 
inn terms of the entropy effects explained here. 

Forr a more extensive analysis with mixtures in the 5-7 carbon range the reader is 
referredd to ref. [27]. 

3.44 Conclusions 

Wee have examined the sorption characteristics of various mixtures of hexane iso-
mers.. The following major conclusions can be drawn: (1) CBMC simulations provide 
aa powerful technique for determining the pure component and mixture isotherms 
off  alkanes. The simulated pure component isotherms are in good agreement with 
experiment.. There are no published experimental mixture isotherms and therefore 
CBMCC simulations come into their own. (2) For mixtures of linear and branched 
alkaness with the same number of carbon atoms, the sorption selectivity increases in 
favourr of the isomer with the highest packing efficiency. This is a configurational en-
tropyy effect which is so strong that the branched alkanes are virtually excluded from 
thee silicalite matrix and high separation factors are achievable. In AFI the selectivity 
att high loading is towards 22DMB. (3) The mixture isotherm characteristics are cap-
turedd in essence by the IAS theory. (4) A characteristic feature of the configurational 
entropyy effects for alkanes isomers in MFI is that for mixture loadings above 4, the 
loadingg of the branched alkane decreases when the system pressure increases. This 
hass implications when a mixture of linear and branched alkanes permeate across a 
silicalitee membrane. At high mixture loadings, the flux of the branched alkane must 
decreasee while the upstream partial pressure increases; this curious behaviour has 
indeedd been observed experimentally by Gump et al. [63]. Their experimental results 
cann be rationalised on the basis of our CBMC mixture simulations. 
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(b)) 22DMB flux and loading for y, = 0.3 
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Figuree 3.11: Comparison of CBMC simulations of loading with experimentally determined 
fluxesfluxes of 22DMB for mixtures of nC6-22DMB at 373 K with various vapor phase compositions. 
Experimentall  data are from Gump et al. [63] 
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Figur ee 3.12: CBMC simulations of sorption selectivity for mixtures of nC6-22DMB at 373 K 
withh various vapor phase compositions. 


