
Clays and etay Minerals, Val. 23, pp. 458-461. Pergamon Press 1975. Printed in Great Britain 

ADSORPTION OF XYLENE BY ORGANOCLAYS 
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Abstract~Based on X-ray powder diffraction measurements of swelling, thermodynamic analysis of 
adsorption and kinetics, a mechanism of interaction between xylene isomers and two organoclay com
plexes was derived. The work is intended to resolve the factors which make possible the chromato
graphie separation of the xylene isomers with organoclays. Significant differences between the behavior 
of fresh organoclays and xylene vapor-conditioned organoclays were noted. Only small dilferences 
were apparent between the montmorillonite and the hectorite organoclays. Force constants, enthalpy 
changes, entropy changes, free energy changes and two specific rate constants were derived from the 
information obtained from this study. 

INTRODUCTION 

Hughes, White and Roberts (1959) are eredited with 
ehromatographieally separating the three xylene 
isomers with an organo-c1ay material, Bentone 34. 
The present study adds to the efforts of others, sueh 
as Barrer and Kelsey (1960), White (1964) and Tara
masso and Timidei (1970), to understand the 
meehanism of this separation. 

This study is limited to two organoc1ays in whieh 
the identieal organic group, dimethyldioetadeeylam
monium, is attaehed to montmorillonite and to hec
torite. These two materials, Bentone 34 and Bentone 
38, respectively, were used as supplied by the Baroid 
Division of N.L. Industries, Ine. Adsorption charae
teristies were examined in terms of basal expansion, 
thermodynamies, and kineties. 

MATERIALS AND METHODS 

Early in this work, it was diseovered that the 
organoc1ays exhibited eharaeteristics that are in
ftuenced by their history. Fresh sampies and xylene 
vapor conditioned sampIes, for instanee, showed 
appreciable differences that are described in later sec
tions of this report. Sampies for the X-ray powder 
diffraction analysis were prepared by troweling a 
toluene slurry onto a glass slide, then removing the 
toluene in a vaeuum oven at 40°C overnight. 

Measurements of the expansion or swelling of the 
organoc1ays were made with a General Electrie 
XRD-5F diffractometer eoncurrently with gravimetrie 
adsorption measurements. Adsorption and desorption 
behavior, as noted in Fig. 1, revealed a substantial 
inerease of about 2A for Bentone 38 and lA for Ben-
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tone 34. This inerease in c-spacing as the result of 
undergoing adsorption and desorption of xylene 
vapor is attributed to the re-orientation of the organie 
groups in the organoc1ay. Onee this re-orientation is 
aehieved, usually after only one or two adsorption
desorption eyc1es, it appeared to remain unehanged 
in successive adsorption-desorption runs. Complete 
removal of adsorbed xylene after an adsorption-de
sorption run was substantiated by coneurrent gravi
metrie measurements. 

Onee the organoc1ays were eonditioned with xylene 
vapor, the expension oeeurred more gradually than 
with the fresh, untreated sampIes. Both Bentone 34 
and Bentone 38 expanded from about 28 to 45A in 
adsorbing 0·80 relative vapor pressure of xylene, with 
Bentone 34 absorbing slightly more xylene vapor at 
this vapor press ure. 

By means of Cornet's thermodynamic model of 
swelling (1950), force constants were derived for the 
expansion of the organoclays. The free energy of 
xylene adsorption, dG, is related to the relative vapor 
pressure of xylene, PIPo, whieh in turn is related to 
the interplanar force (f) acting against the work of 
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Fig. 1. X-ray powder diffraction measurements of the 
expansion and compaction of Bentone 34 by ortho-xylene 

at 25°C. 
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Fig. 2. Free energy change as a function of c-spacing dur
ing the intercalation of ortho-xylene by Bentone 34 at 

25°C. 

separation and the actual distance of separation, dx: 

~G = RT In (P/Po) ;: - f dx 

values of ~G derived in this way are shown in Fig. 
2. It is noted from this figure that the force constants 
define two distinctly different steps in both the expan
sion (adsorption) and compaction (desorption) pro
cesses. That is, a transition occurs where fl gives way 
to f2 on adsorption and f 3 changes to f4 on desorp
tion. There are significant changes in the magnitude 
of these force constant changes although they occur 
at alm ost identical c-spacings · and in a small range 
of the amount of adsorbedxylene. Table 1 summar
izes these values for Bentone 34. Similar data were 
found for Bentone 38. 

For adsorption isotherms at 18·0 ± O'I°C and 
32·0 ± O'I°C the isosteric heats of adsorption were 
calculated by means of the integrated Clausius-'cla
peyron equation. These vaJues of ti.Hi, aJong with ti.G 
values derived above, gave entropy data · ~s as SUffi-

Table 1. Expansion andcompaction of Bentone 34 

f, J, Amount 
cal/mole q-sPÄcing absorbed 

Adsorbate cal/moleA mgfg P/Po 

Q~xylene -245 -73 300 34 
m.xylene - 258 - 79 31'3 44 
p-xylene -335 -62 308 45 

at transition fJ --/4-
J, f. A 

o-xylene + 86 + 165 )JU 47 0·13 
m-xylene +90 .+ 160 33-9 53 0·18 
p-xyl'ene +76 +180 33·0 63 0·16 
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Fig. 3. Enthropy and enthalpy changes in the adsorption 
of meta-xylene by Bentone 38 at 25°C. 

marized in Fig. 3. Again, appreciable differences 
between fresh sampIes and xylene vapor-conditioned 
sampies were found. 

Upon comparing the Wb ~s, and ~G for the 
adsorption of xylene on Bentone 34 and Bentone 38 
it is reasonably valid to extrapolate these nearly linear 
differences to zero adsorption (Fig. 4). Bentone 38, 
for instance, sbowed a W, of about 2·3 kcal/mole 
more exothermic than did Bentone 34 at zero cover
age. Tbe entropy change for Bentone 38 was about 
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Fig. 4. Difference between the free energy changes for (he 
adsorption of xylenes by Bentone 38 and Bentone 34 at 

25°C. 
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2-3 e.u. greater than that of Bentone 34. The values 
of LiG (Fig. 4) showed that less work is required to 
penetrate and be adsorbed by Bentone 38. Further 
comparison of thermodynamic values for fresh vs 
vapor-conditioned sampies were made. 

These thermodynamic measurements showed that 
the intensity of the xylene-organoc1ay interaction was 
in the order ortho > meta > para. The dipole 
moments of the three xylene isomers are in the same 
order and it is believed that the intensity of xylene 
interaction with the hydrocarbon chains in the 
organoclay is essentiaHy influenced by the ability of 
the xylene to penetrate the micelle and to solvate the 
hydrocarbon chains. Entropy measurements indicate 
that steric factors mayaiso playa role in distinguish
ing or separating the xylene isomers by adsorption. 

Kinetic measurements were conducted gravimetri
cally by exposing sam pies to a fixed vapor pressure 
of xylene vapor and observing the rate of adsorption. 
Two observed rate constants for the xylene adsorp
tion were found by applying the rate law 
dS/dt = -kS, where S is the amount of xylene 
remaining to be adsorbed at a given press ure P. That 
is, two adsorption components, kl and kz, are shown 
in Fig. 5. 

Further analysis was made of these two rate con
stants in terms of the relative vapor pressure (P/Po) 
and the extent of adsorption at the transitions 
between k l and kz. S is defined as A e, the amount 
of xylene adsorbed at equilibrium, minus At, the 
amount of xylene adsorbed at time t. When values 
of k1 and k2 were plotted as a function of (1 - P/P 0), 
transitions between these two rate constants occurred 
at identical relative pressures (P/Po = 0,32) as noted 
in Fig. 6. Furthermore, this transition occurs at the 
same point in the expansion of the organoc1ay 
micelle, at 31A c-spacing, where the force eonstant 
fl changes to f2' 

The amount of xylene adsorbed at the k l --> kz 
transition varies even though the c-spacing is always 
31A. By plotting the amount of xylene adsorbed at 
the k l --> kz transition vs P/Po, a linear re1ationship 
that permits extrapolation to P/Po = 1 is possible. 
At saturation of the organoclay with xylene vapor, 
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Fig. 5. Rates of aasorption of xylenes by vapor-condi
tioned Bentone 38 at PIPo = 0'15 and 2SOC. 
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Fig. 6. The relationship of the rate constant k l for the 
adsorption of xylenes by vapor-conditioned Bentone 38 at 

25°C vs time at PIPo == 0.32. 

130 mg/g of adsorption should occur. At a c-spacing 
of 31A, where the size of the exchangeable cation and 
the number of cations/unit cell are accounted for 
(Barrer et a/. , 1960), the free volume capable of 
accommodating xylene vapor would be 36sA 3 per 
unit ceIl. If liquid xylene completely occupied this free 
volume, then there would be 134 mg/g of xylene 
adsorbed. Rather than a trivial coincidence that these 
two amounts are nearly identical (130 and 134 mg/g), 
it is probable that at the 31A c-spacing the organic 
groups in the clay eomplex have become ordered or 
activated to the extent that asecond mechanism 
begins at this transition point. 

RESULTS AND DlSCUSSION 

In chromatographie separation of the xylene 
isomers by organoclays, the order of retention is 
meta> ortho> para (Taramasso et al., 1970). In the 
thermodynamic analysis, the free energy of adsorption 
and intercalation gives the same order, and the same 
order is shown in the kinetie study. The relative 
extent of interaction between xylene vapor and 
organocJay is in the order ortho> meta> para. 
However, because chromatographie separations in
volve the overall adsorption-desorption cycle, it is 
apparent that the free energy and the kinetic factors 
take precedenee over other factors. 

The differencesbetween Bentone 34 and Bentone 
38 are largely attributed 10 the number ofplatelets 
per average aggregate. Barren and Millington (1967) 
have found an average of 9 platelets/particle for hec
torite and 26 platelets/particIe for montmorillonite. 
The method of preparation is alsoa factor in these 
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differences as are the factor of conditioning to the 
adsorbate. 
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