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Abstract. A generalized method for prediction of multicomponent adsorption is suggested based on representing
that adsorbent volume as energetically inhomogeneous. The method depends on extending the Polanyi potential
theory to mixture adsorption. The main feature of the method is that, at constant partial pressure and temperature the
composition of an adsorbed phase is not uniform over its volume. Results of applying this theory to non-porous
adsorbents have been considered. The prediction ability of the theory is confirmed for the strongly non-ideal system
acetone—chloroform—graphitized carbon black. It was shown that the departure from ideal behavior of adsorbed
phase is quite close to that for the liquid mixture. Another system considered was oxygen—nitrogen—anatase at 78 K.
Although this mixture is ideal, it has been found that there is significant variation in composition over the adsorbed
layer due to the difference in the interactions of the quadrupojandlecule and nonpolar molecule with the

anatase surface.

Keywords: activated carbon, adsorbent surface, equilibrium theory, mixture adsorption, gases phase, adsorbed
solution

Introduction properties and activity coefficients of vacancy solution
give various partition equations for isotherms.
The prediction of mixture adsorption is important to The second direction is independent of the partic-
modeling and design of adsorption processes for pu- ular form of the pure component isotherms. One of
rification and separation. In previous attempts to de- representatives of this group of theories is the widely
velop representations of mixture adsorption several di- used Ideal Adsorbed Solution Theory (IAST) (Myers
rections have been followed. One of these is based onand Prausnitz, 1965). In accordance with this the-
theoretical constructions that allow both the isotherms ory it is postulated that Raoult's law should hold
of the pure components and their mixtures to be ob- along lines of fixed spreading pressure. This postu-
tained. In particular, the Langmuir model (1918) was late allows prediction of mixture adsorption based
extended to mixtures by Markham and Benton (1931). only on information on the pure component adsorption
Another example is the vacancy solution model (Bering isotherms.
et al., 1977; Jakubov et al., 1977; Suwanayuen and These two groups of approaches are macroscopic
Danner, 1980). It is supposed that, even in the caseand use phenomenological thermodynamics. In con-
of pure component adsorption, the adsorbed phase istrast, the third direction is based on a statistical thermo-
a binary mixture, with one of the components being dynamic model (Ruthven et al., 1973; Ruthven, 1976).
the vacancies. In the case of binary mixture adsorp- This method is developed for zeolites and uses some
tion the adsorbed phase is considered as a ternary sosimplifications such as analogy with van der Waals gas
lution. Additional assumptions concerning vacancy for molecules in a cavity.
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In all cases mentioned itis actually supposed that the two states being possible for each element—empty or
adsorbent volume is energetically uniform, so the vari- completely saturated. For each adsorbent there is a
ation of mixture composition over an adsorbed phase is distribution function of EAV adsorption potential, and
not essential. In particular, in the IAST the mole frac- with increasing pressure in the gaseous phase, the ele-
tion of each component is determined as an averagements fill sequentially in the direction of increasing of
value over the whole adsorbed phase, independentlyadsorption potential. The last element filled with lig-
of spreading pressure. Most further attempts to take uid is on the border of the polymolecular liquid layer
into account energetic heterogeneity have been basedand gaseous phase where the pressure is equal to the
on polysite models, with adsorption on an individual saturated vapor pressure. This picture is very clear in
site obeying to the Langmuir equation. Partition forms the case of equilibrium adsorption on non-porous ad-
of the isotherm equation depend on choice of a distri- sorbent surfaces, however it may be easily applied to
bution of energy sites. For example, a two-site model microporous adsorbents such as activated carbon. In
was described by Myers (1983) and a polysite model this case a separate micropore may be considered as
was investigated by Valenzuela et al. (1988). The main an element of adsorption volume. Usually, there is a
disadvantage of approaches like these is that inter- definite distribution function of micropores size and,
molecular interactions are ignored. The theory ofinho- consequently, of their adsorption potentials. So, the
mogeneous adsorption volume (Ustinov, 1987, 1988, micropores may be divided into separate groups with
1997) has been developed by taking into account a dis- the same value of adsorption potential, some of them
tribution function of adsorption volume elements. This being empty or completely filled. Certainly, the border
approach can be considered as a logical extention of theof empty and filled micropores cannot be imagined as
Polanyi potential theory to mixtures. In this context easily as if adsorption occurred on nonporous adsor-
it should be noticed that the attempt at such a gener- bent surface in the form of a liquid layer, but formally
alization made by Grant and Manes (1966) is not the the mechanism of successive filling of EAV remains the
direct consequence of the potential theory. The method same. It should be noted that after a separate element
of Grant and Manes applies Raoult’s law along lines has been filled, the pressure within it rises sharply up to
of constant adsorbed phase volume and involves the several hundred atmospheres, with increasing pressure
implicit assumption that both the pressure and compo- in gaseous phase. This circumstance does not matter
sition are the same over the volume of liquid mixture for the calculation procedure in the case of pure com-
adsorbed (other conditions being equal). However, this ponent adsorption. However, it becomes important for
is not thermodynamically consistent. binary and multicomponent equilibrium adsorption be-

In this paper a method of analysis and prediction cause, inthe general case, the mixture composition de-
of mixture adsorption is developed on the basis of a pends onthe pressure within the liquid adsorbed phase.
strict extension of the Polanyi potential theory. From Following the Polanyi model, let us consider the
this perspective the explanation of peculiarities in be- equilibrium adsorption of a vapor mixture afcom-
havior of ideal and non-ideal systems,(M,—anatase  ponents on a flat surface. Under the influence of a
and acetone—chloroform—graphitized carbon black) are potential field, the layer of liquid mixture of volume
represented. The possibility of applying this method WS appears near the solid surface. Along the normal

to activated carbon is also discussed. to the surface such characteristics as hydrostatic pres-
sure, Gibbs free energy, adsorption potential and com-
Theory position vary with distance from the surface. Let us

consider a thin layer between two neighboring equipo-
In the Polanyi potential theory it is supposed that the tential surfaces within the condensed film. The vol-
whole adsorption volume may be divided into a large ume of liquid between the adsorbent surface and the
number of elements differing one from another by their thin layer isW(W < WS). The thin layer thus distin-
adsorption potential. In the case of adsorption on non- guished may be characterized by a three-dimensional
porous adsorbents, such elements of adsorption vol- hydrostatic pressurél, values of chemical potential
ume (EAV) are thin layers between two neighboring i, potential energy; of i-th component interaction
equipotential surfaces. It is also implied that the EAV  with the adsorption field and pressysgfor each pure
are filled up with the liquid adsorbed phase in strict component corresponding with the volume adsorbed
succession with increasing of pressure, with the only W(i = 1..n). The main idea that readily leads to the
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final equations is the equivalence of chemical potential component(x; = 1, 34 = 1) for the surface of liquid
for each component in any point of equilibrium sys- layer(IT = ITS ~ 0) Eq. (3) can be reduced to:
tem. The chemical potential of componeéin gaseous

phase (considered as ideal for simplification) on infinite RTIn<&> +u =0 (4)
removal from the solid surface of adsorbent is

i
wi =u(T)+RTInp (1) As it is easily seen this equation closely corresponds
with mathematical formulation of the original potential

In the layer under consideration the chemical potential theory. Combining Egs. (3) and (4), we obtain
of component may be written as

prXivi . .
wi = 1 (T)+ RTIn pP+ RTIN(G %) + Ui RTI”( Ipi ) +yI=0 i=1n (5
I
+/ v dIl (2 The values of mole fractior; are related through the
HS

obvious condition:

The sum of firstand second termsin the right side of this n

equation is the chemical potential of pure component Z X =1 (6)
i in the state of saturated liquid at its normal boiling i=1

point (p? is the vapor pressure of saturated liquid for
the pure componeritat the same temperature). The
third term in the right side of the equation is associated
with the entropy of mixing and describes the change in
chemical potential of-th component in the presence
of other components. If a liquid mixture takes place
under the influence of an adsorption filed, the chem-
ical potential ofi-th component changes in value of
its interaction potential energy with the adsorbent N s s e

Partial molar volumey* is commonly imagined to be doxS=1  xyT=p/pWS), i=1.n (7)
incompressible. The latter as well as independence of ' =1

partial molar volumey; on IT may be assumed in or-  The dependence of pure component presgfien the
der to simplify further transformations. As previously adsorbed phase voluriéis easily determined fromin-
mentioned, the pressure in the liquid layer rises sharply dividual isotherms, because for pure compongWt is
towards the solid surface due to the potential gradient. equal to the produat*a’. Consequently, if the depen-
So, the value of pressure averaged over the liquid layer dence of activity coefficients on composition is known,
is significantly greater than the val@&® on the layer  the root of Eq. (7) is the volume of adsorbed phase

surface that allows th&l® to be replaced by zero in  The amount of componenin the adsorbed layer may
the lower integration limit. Consequently, the integral pe then determined as follows:

is approximately equal toT1. The sum of the five WS
terms in the right side of Eq. (2) is the chemical po- a = / _ Xi Ndw, i=1.n @
0 D ket XV

The system oh+1 Egs. (5) and (6) contains+ 1
variables [T and n values ofx;) and can be solved
if the dependence of activity coefficiengs on mix-
ture composition is known. The Eq. (5) may be also
written for the boundary of the layer wheii@ =0,

X = x5y = y°. Itleads to the following system
of equations:

tential ofi-th component of the liquid mixture which

is affected by the adsorption field and the hydrostatic ) )

pressure induced by the potential energy gradient. _Consequently, given partial pressures, the algo-
The equivalence of chemical potentials in gaseous "thm for the calculation of the amounts adsorbed

and liquid phases means that the right sides of the M@y be roughly divided into four steps. (&) Individ-

Egs. (1) and (2) must be equal one another. Conse-ual isotherms should be determined in coordinates
quently: W — p?, whereW =va”. (b) The mixture adsorbed

volume WS should be found by solving of Eq. (7).
p i (c) Within the region 0< W < WS the number of
RTIn (H) +RTING4y) +ui +v7 =0 (3)  yalues ofw must be chosen, say, with a constant step
AW. For each valueV the values ofP° must be
The potential energy; may be expressed from the determined from the corresponding pure component
pure-component isotherm. Being applied to the single isotherms. Further, the solution of systems (5) and (6)
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gives the compositiox, Xz, .. ., Xp) Of the adsorbed  In the general case this relationship is possible only if

mixture that corresponds to the volurié between each term is equal to zero. This means that the mole
adsorbent’s surface and current equipotential surfacefraction of each componentis not a function of distance
within the condensed layer. (d) The amount of each from the surface of the adsorbent.

component adsorbed may be finally calculated by inte-  The system (11) leads to the following expression

grating over the entire layer volume in accordance with for any pure component

formula (8).

It is important to note that the values of vapor pres- W =& = f(e), &= RT ' In(p;/B),
sure of saturated liquids for pure componegjtare not = v_|* (13)
present in the final system of Eqgs. (5)—(8). This leads T,

to the conclusion that the result obtained is probably ) o ) o

more general than the Polanyi physical image used for Herep is the coefficient of adsorption similarityg—
mathematical formulation of the model of inhomoge- 'S molarvolu_me of any standard Ilqmd. The_|ntegrat|0n
neous adsorption volume. In particular the identifica- constants;, in the general case, is a function of tem-
tion of the adsorbed phase as a normal liquid mixture Perature. In particular it may be equal to the saturated

seems to be unnecessary in the general case. vapor pressurg?’. Consequently, Eq. (13) is equivalent
to the requirement that the individual isotherms may

be reflected by the single characteristic curve in coor-
dinatesW versuse. In order to provide the same com-
position over the adsorbed phase the coeffighemiust
be proportional to molar volume for each component.
As the composition of the adsorbed phase is uniform
D VI over its volume, the set of mole fraction can be de-
X = <—) <—ﬁ> ) termined by solving Eq. (7) for the boundary between
the liquid layer and vapor phase. Consequently:
V:

(R >In PyXj V]
i UT P;

n o " = (WS (14)
()l ) oo

i=1 If the adsorbed solution is ideal this equation will com-
pletely coincide with the Grant and Manes model. Itis
evidentthatthe IAST is also valid under the restrictions

The Case of Ideal Adsorbed Solution

In this case the activity coefficients are to be equal to
unity, and the Eq. (5) may be rewritten as follows

i
Summing over all components, taking account of the .
condition (6), leads to the equation containifigs the ( RT) in[ PXY
only unknown variable: -

The value of pressurH having been found as a root
of this equation at given value &Y, the mixture com- introduced.

position may be easily determined from Egs. (9). The 5, the whole, in the framework of potential theory,

caIcuIation_ of the amounts adsorbed can be reachedi,o rant and Manes model and the IAST are correct

also by using Eq. (8). only if the pure component isotherms are similar, with
affinity coefficientsg being proportional to the mole

The Case of Homogeneous Composition volume of the respective liquids. This is the only con-
dition that provides composition uniformity within the

Consider the situation that the following equality is liquid layer.

held for anyi andj:

RT/dInp° RT /dInpj
N ) =) =¢ (1D
v; oW J v ow J;

Binary Mixture Adsorption

In this case Eq. (5) may be simplified by excluding the
effect of pressurél:

(vI)fl |n< p1X1V1> _ (v;)fz In( p2X2V2>7
P1 P2

0<W<WS (15)

Combining Egs. (5) and (11) gives the following
expression:

RT aIn(x RT aIn(X;y;j I1
RTaInooy) _ RTaIn0Gy) _om o

v OW v} oW ow




The volume of the adsorbed mixture is given by the
root of following equation:

P1
Xls Vls = E
1

Amounts adsorbed may then be calculated by integrat-

ing the mixture composition over the whole volume
adsorbed:

WS
-
0

Discussion

p2
—(
pO

2

(WS),  Xyy=-—=(WS  (16)

Xi .
_ i=1.2 17
lei + szg (47

’

To analyze the main features of the model two binary

systems have been chosen. They are related to non-

porous adsorbents.

Acetone—Chloroform—Graphitized Carbon Black

This system was described by Bering et al. (1969). The
authors obtained isotherms for pure components and
their mixtures at 30 and 5C€ by combination of volu-
metric and gravimetric technique. In the case of mix-
tures there were separate series of measurements fo
constant amounts of acetone or chloroform in the mea-
suring cell. This cell contained dead volume of 126cm
and sample of about 10 g. The carbon black was pre-
pared by heat treatment at 28@or 26 hours. Before

Multicomponent Equilibrium 199

W, volume adsorbed (Cm3/kg)
o

0,1
0

RTIn(p*/p) (kJ/mol)

Figure 1 Isotherms of acetone (b, x) and chloroform (23, +)
on graphitized carbon black. Temperatie@; (o, 0)—30,(x, +)—
50.

agreement is unlikely to be fortuitous and probably
points to close similarity of adsorbed and liquid phases.
r However, the temperature expansion coefficients of
the adsorbed phase.{3-10-3 K~ for acetone and
1.7-10°2 K1 for chloroform) proved to be much
greater than those for corresponding liquids5gL:
103 K~' and 13- 102 K~ for acetone and chlo-

each series of experiments the sample had been treatedoform, respectively). Most likely, this difference sug-

at 420-450C at vacuum of 1107° torr for 7-8 hours.
The monolayer volume determined by the BET equa-
tion at 30C corresponded to 0.0595 mmol/g for ace-
tone and 0.0582 mmol/g for chloroform. Figure 1
shows the individual isotherms for acetone and chloro-
form in the form of characteristic curves in coordinates
W — RTIn(p?/p?), whereW = aPv}* (i = 1 for ace-
tone andi = 2 for chloroform). Dashed and dotted
lines sign monolayer volume for acetone and chloro-
form, respectively. For the temperature’@0wve have
accepted thap?® andv;* are equal to the vapor pressure
and molar volume of the saturated liquid, respectively.
However for the temperature 80 the values ofy’ and

v’ have been found by least squares fitting to ensure
the best coincidence the isotherms of each component.
In particular, the calculated value @f is appears to

be equal to 81017 Pa, while the real valuepjfis
equal to 81342 Pa. Similarly, for chloroform it has been
obtained by least squares thait = 66996 Pa, while
the real value for 50C is 68180 Pa. Such excellent

gests a more friable structure for the adsorbed phase as
compared with the liquid phase due to the influence of
the adsorbent surface that has another structure. How-
ever all points for each component are situated on the
corresponding characteristic curves, and, hence, the
main Polanyi postulate is satisfied. It is extremely in-
teresting to note that the temperature invariance is valid
not only inthe region of a polymolecular adsorption but
also within the first monolayer loading (below dashed
and dotted lines). This allows us to conclude that the
surface of carbon black is highly energetically inhomo-
geneous, so the loading of the first monolayer occurs
strictly consecutively in the direction of increasing of
potential of surface parts.

Experimental data for mixed vapor adsorption at
50°C are represented in Figs. 2 and 3. Figure 2 shows
the dependencies of chloroform partial pressure on
acetone partial pressure along lines of fixed total
amount of chloroform in the measuring cell (horizon-
tal curves) and acetone (vertical curves). Analogous
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Figure 2 Interdependence of partial pressures along lines of con-
stant amount of acetone (vertical curves) and chloroform (horizontal

curves) in measuring cell at 50.
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Figure 3 Interdependence of amounts adsorbed along lines of con-
stant amount of acetone (vertical curves) and chloroform (horizontal
curves) in measuring cell at 50. Dashed lines are calculated by

suggested model.
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becomes competitive. For example, the addition of ace-
tone depresses the adsorption of chloroform icd
versa (3) Inthe case of high and commensurable com-
ponent loading the adsorption of each component is
increased by the presence of the other component.
The experimental data were processed according
to Egs. (15)—(17). Specific volume§ and v} were
set equal to the values for liquid acetone and chloro-
format 50C (79.19 and 83.95 cffmole, respectively).
Activity coefficients were correlated by the Margules
equation:

y2 = exp(ax?) (18)

It was found by least squares that the coefficiens
equal to—0.72, indicating negative deviations from
Raoult’s law. For the liquid solutiomis equal to-0.81.
This value was found by treating the dependence of
¥2X2 0N ¥1X1. The nearness of these valuesxahdi-
cates the similarity of liquid and adsorbed phases.

Some of the results that follow from the suggested
model are presented in Fig. 3 where the dashed lines
are calculated from Egs. (15)—(17). It should be noted
that very small divergences in predicted and calculated
points are caused mainly by slight thermodynamic in-
consistency of the experimental data (which is quite
natural because of the difficulty of achieving proper
equilibrium), while the suggested model includes the
Gibbs equation as the one of its elements.

One more piece of information may be extracted by
using of Eq. (16): Given partial pressuggsandp, and
the mixture adsorbed volunW S(W= = via; + viap),
one can calculate values @f and p5 from the pure
component isotherms and, consequently, the magni-
tudes of the products of activity coefficients and mole
fractions y1x; and y»x, on the surface of the con-
densed film. The quantitative dependence/of, on
y1X1 shows deviations from Raoult’s law. In the case
of an ideal adsorbed solution this dependence becomes
linear. Concave curve would point to negative devia-
tions from Raoult’s law. The real dependence is repre-
sented in Fig. 4. Itis remarkable that all points lie very
closed to the single concave curve that is plotted for
the binary liquid mixture data. This coincidence may
be considered as a conclusive evidence of the similarity

Y1 = exp(ax3),

dependencies for the adsorbed phase are representeih behavior of liquid and adsorbed phases.

in Fig. 3. One may see that there are three situations.
(1) In the range of low total amount of mixture ad-

The change of composition over the thickness of
the condensed film is represented in Fig. 5. There are

sorbed, addition of one component leads to an increasetwo curves calculated for two different values of mole
of the other component. (2) If the adsorption of one fraction in gaseous phase (0.2 and 0.4) at total pressure
component greatly exceeds the other, the adsorption50 kPa. It is seen that the concentration of chloroform
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Figure 4 Activity interdependence for mixture layer surface at
50°C. (+)—experiment, (solid linep)—data for the liquid mixture
of acetone and chloroform for the same temperature.
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Figure 5 Variation of composition over adsorbed layer thickness.
Total pressure in gaseous phase is equal to 50 kPa. Mole fraction
of acetone in gaseous phase: (1)—02, (2)—0.4. Band3 andC

sign the first, second and third monolayer, respectivelyC30

in the first monolayer is higher than in the third one.
This may be considered as one of the main results that
shows the necessity of taking into account variation of
composition over the adsorbed phase.
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Nitrogen—Oxygen—Anatase

Equilibrium adsorption of B0, mixtures on anatase

at 78.2 K was investigated by Arnold (1949). Mea-
surements in different series were carried out at fixed
molar fractions in gaseous phase. In each case the de-
pendence of lland Q adsorption on total pressure was
obtained. The specific surface area of the sample was
13.81 nt/g. Being almost ideal, this system is of great
interest because of essential difference in interaction of
oxygen and quadrupolar nitrogen with anatase surface.
The feature of experiment was that mixture adsorp-
tion was measured in separate series of experiments
at different total pressure with constant composition
in gaseous phase. Individual isotherms of oxygen and
nitrogen are presented in Fig. 6 in logarithmic coordi-
nates. Itwas supposed that the molar volumes,Gfitd

N, at 78.2 K are equal to 26.54 and 34.84%mol, re-
spectively. Inthe case of mixture adsorption the volume
WS at given values of partial pressures was determined
as a root of Eq. (16), where activity coefficients are
equal to unity. Onthe other hand, itis known that the ex-
perimental value of the adsorbed phase volume as sum
of via; andvja,. The correlation between experimen-
tal and predicted values of adsorbed volume is shown
in Fig. 7. One may conclude that the proposal theory
works quite well, especially when it is considered that
the experimental information from the original paper

o
(=]

W, volume adsorbed (cm3/kg)

0,0001 0,001 0,01 0,1

p/p,°

Figure 6 Isotherms of oxygend) and nitrogen((J) on anatase at
78.2K.
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Figure 7. Correlation between calculated and experimental values Figure 8 Dependence of oxygero} and nitrogen [{1) amounts
of O'2_N2 miXFUre volume adsorbed on anatase at 78.2Mole adsorbed on total pressum? in gaseous phase at2®10|e frac-
fraction of G, in gaseous phase:of—0.149, (0)—0.298, A)— tion is equal to 0.149. (78K). p$, is the saturation pressure for
0.502, ¢+)—0.702, (<)—0.853. liquid—vapor equilibrium at the same temperature and gaseous phase
composition.

were presented in graphical form and, consequently,
could not be extracted with high precision. However,
there are some difficulties in the prediction of amounts
adsorbed, which are caused by the lack of accurate pure
component isotherms at low pressures. Such errors are
evidently associated with the need to integrate mole
fractions over the adsorbed volume starting from zero
coverage, although the exact composition at low cov-
erage is unknown. A similar difficulty is typical of the
IAST. To overcome this problem the appropriate ratio
of Henry constants was selected to provide the best fit-
ting of experimental points. Figure 8 displays variation
of amounts of @ and N, in adsorbed phase with to-
tal pressure at constant composition of the gas phase

0.5

04 -

03

02

amount adsorbed (mol/kg)

449/"-‘/6’
(y1 = 0.149. Analogous curves are presented in Fig. 9 L s
at 0.298 mole fraction of @and Fig. 10 at a relatively I .
higher value of molar fraction of oxygen; = 0.702). /
In this case the nitrogen adsorption is significantly de- 003 o3 o o8 pye 0
pressed, and one more feature has appeared. It is in- pop s
12°F12

teresting that amount of Nadsorbed remains nearly

constant with increase of total pressure over a wide Figure 9. Equilibrium adsorption of @-N, mixture on anatase for
range, while the @loading increases monotonically. It  0.298 mole fraction of @in gaseous phase.

seems likely that in the first monolayer the adsorption

of N, predominates as a result of the Nuadrupole or even exceed one thousand atmospheres. For this
moment interactions with surface charges. Neverthe- reason the amount of nitrogen, which is concentrated
less, being smaller, molecules of oxygen become more mainly in the first monolayer, decreases with total pres-
competitive at high pressure. In the adsorbed phasesure in gaseous phase (at constant composition), while
the hydrostatic pressure may attain several hundredsin the other monolayers the amount of Mcreases.
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Figure 10 Equilibrium adsorption of @-N, mixture on anatase Figure 11 Variation of @—N, mixture composition over the ad-
for 0.702 mole fraction of @in gaseous phase. sorbed layer thickness at relative total presgueg p;, = 0.8. Mole
fraction of &: (1)—0.149, (2)—0.502, (3)—0.853.

These tendencies may compensate one another, Ieadinq_ ] ) )

to the behavior shown in Fig. 10. Such behavior of the 'NiS may be because, at this point surface charges
ideal binary mixture is especially difficult to describe are fully saturated so no further solid—quadrupole
by approaches, which do not account for the fact that type interactions are possible for the addltlonal ad-
composition of an adsorbed solution varies over its vol- S0rbed M molecules. Consequently, the simultaneous
ume. At the same time the approach suggested here re-2n2lysis of pure—component and multicomponent ad-
sults in excellent agreement between predicted curvesSCrption may provide some information concerning
(solid lines) and experimental points (as well as at the Surface structure.

others values of molar fraction of oxygen in gaseous

phase). Figure 11 shows distributions of the molar frac- Conclusion

tion of oxygen over the liquid mixture volume con-

densed near to the anatase surface, which are calcu-The Polanyi theory was extended to multicomponent
lated at different compositions in gaseous phase andadsorption equilibrium. The theory may be used both
the same value of relative pressum./p;, = 0.8). to predict mixture behavior and for analysis of ad-
Solid lines are for the region where we have experi- sorption solution and adsorbent surface structures.
mental data for the pure component adsorption both Information of mixture adsorption may afford the op-
for oxygen and nitrogen. Dashed lines are extrapola- portunity to reconstruct pure component isotherms in
tions, which are, evidently, not very reliable. A dotted the region of very small pressures, where experimen-
line indicates the monolayer volume in the case of pure tal measurements become problematic. The system of
N, adsorption. To the right of this line the abscissa may equations obtained does not contain such character-
be considered as approximately proportional to surface istics of liquid phase equilibrium as saturated vapor
distance. To the left of the dotted liW is equal to a pressures and does not require the pure component
part of the first monolayer volume filled by an adsorbed isotherms to be similar. We may conclude that the
mixture that corresponds to definite composition and model is more general and may be applied to adsorp-
total pressure in the gas phase. The abscissa of thetion on microporous adsorbents such as activated car-
end of each curve is the total volume of liquid film. bons. The approach depends on the assumption that
One can see from Fig. 11 that when approximately half molecules in the adsorbed phase are incompressible.
of the first monolayer volume is filled, the concentra- Thus, the main restriction of this approach is that the
tion of nitrogen in the adsorbed phase drops sharply. adsorbed components must be vapors or liquids. In
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this case adsorption occurs as a consecutive filling References
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