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Abstract

Various problems in estimating the surface area of
adsorbents from binary liquid adsorption isotherms are
discussed. Knowledge of adsorbate selectivity and
adsorbent heterogeneity are required for the surface

E

area measurement.

Estimation of surface areas of solid
adsorbents from the equilibrium isotherms for
adsorption of binary liquid mixtures has
attracted considerable attention [1,2]. The
principle is based on the assumption that the
adsorption from the binary liquid mixture is
confined to a monolayer and the specific amounts
of each component adsorbed (ny,n3) can
be estimated from the experimentally megsured
binary Gibbs surface excess isotherm (n]) of
component 1 [4].

e
Ny = MX, - RyX (1)

where x4 is the mole fraction of the ith
species in the equilibrium bulk 1iquid phase.
The specific surface area (A) can then be
calculated by A = § n;a .where aj is the
molar surface area of tAe ith species.

Schay and Nagy {1] proposed a technique to
obtain ny by observing that many *U* shaped
surface excess isotherms, where one component
(say #1) of the binary ligquid mixture is
selectively adsorbed at all compositions,
exhibit an apparent iinear section in the region
of x1 » 1 as shown by Figure 1. The isotherm
in that region can be expressed by

n§ = bx, (2)

where negative b is the limiting slope of the
isotherm at x, » 1. These authors assumed

by comparing Eqs. 1 and 2 that n, = b and

n, = o in the linear region. Thus A can

bg estimated. Although this procedure has been
used [1-3] with some success, the method is
strictly correct only when the selectivity of
adsorption for component 1 (S = n.x,/n,x,) is
infinitesin the linear region. Olhgru?sl. a
sefitus error can be made in the estimation of A
as discussed in the following.

We will restrict our study to the simple
case of equal adsorbate sizes (a; = a) and jdeal
bulk 1iquid mixtures. The expression for " for
this case is [4]:

n? - mx1x2(s-l) (3)
Sx1 + Xy

m is the monolayer capacity. A is then equal to
ma. Component 1 is selectively adsorbed when
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S > 1. Adsorption thermodynamics gives (4]:

S = exp a7 (o3 - o})] (4)

where R is the gas constant and T is the system

temperature. o; is the surface tension of pure

1iquid 1 at the liquid-solid interface. Thermo-
dynamics also gives [4]

1 n®
A (o5-00) = [ L (5)
RT (9279 xx, 9%
]

Eqn. (5) sgows that o) can be estimated
from the n (x,) data Thug lhere is only one
adjustable palameter m, in Eqn. (3). The limit-
ing slope of the isotherm given by Eqn. (3) is

b = - (6)

Eqn. (6) clearly demonstrates that b = m only
when S » =, Otherwise, m > b and the Schay

and Nagy procedure will give an A lower than the
real surface area of the adsorbent. The error
can be very large if S is small,

This is demonstrated by the data for
adsorption of bromobenzene (1) + chlorobenzene
(2) on graphon at 0°C (5], shown in Figure 1.
Bromobenzene is selectively adsorbed by the
graphon. The adsorbates have nearly equal sizes
(ay = 202.4, ap = 200.5 m¢/mmole) and the
1iquid mixture is ideal. Eqn. (3)-(5) describe
the data very well (curve a). The parameters
fgr the system are: m = 0.42 mmoles/q,

T (o5 -9y ?) = 0.089 mmoles/g, S = 1.24 and

375 mmoles/g. The limiting slope is about

5 3 times smaller than the real m value due to

the low selectivity for component 1.

Consequently, A calculated by the Schay and Nagy

method is much smaller (15.6 m /g) than the

BET area (84 m /g) for the graphon [5] while

the area obtained by using the monolayer

capacity extracted from Equation (3) is

identical (84 mz/g) to the BET area.

Eqn. (3) is, however, derived for an
energetically homogeneous adsorbent and it can
give a wrong value for m when applied to a
heterogeneous adsorbent. This is shown by the
data (Figure 1) for adsorption of the same
binary 1iquid mixture on silica gel at 20°C
[6]. Chlorobenzene (component 1) is selectively
adsorbed on the gel. Eqns. (3)-(5) can describe
tge data adequately (curve b) with m = 0.22 mmols/g,
T (az—u°) = 0.233 mmoles/qg and S = 3.0. The

corresponding A is only 43.7 ml/g while the
real BET area for the gel is 420 mé/g (6].

The Schay and Nagy method yields a still lower
(b = 0.13 mmoles/g) value (26.7 m /g) of A.

The reason for this is that the gel surface
is energetically heterogeneous. The
heterogeneity can be described by a simplified
model [7] which assumes that the adsorbent
surface consists of a distribution of
homogeneous patches and the overall surface
excess isotherm can be obtained by the
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integration of the surface excess contributions
of each patch. Each patch is defined by a
characteristic selectivity parameter, Eqn. (4),
and the local homogeneous isotherm, Eqn. (3).
The selectivity probability density function
[»(S)] is given by a gamma function in :

S INS) = a"*l.s“.e'°5]. « and n (integer)
n!

are constants. The model gives the following

expression for n?(x])

e e
n] = mix, - e e®E . (0)] )
o - o X2 (8)
S* X
exp [ 1 - 0.577]
= n (9)
S* is the overall selectivity for the
adsorbent which is defined by Eqn. (4). There

are two parameters in the model vizmand n. n
determines the degree of heterogeneity which
decreases as n increases. n > = corresponds

to a homogeneous adsorbent.

Eqns. (7)-(9) can describe the isotherm
data on the gel very well (curve c) withm =
2.08 mmoles/g, n =9, and S* = 1.12. The
corresponding A is 420 mz/g which is identical
with the BET area for the gel. The analysis
shows the importance of adsorbent heterogeneity

in evaluating A. The limiting slope for Eqn. (7)
is X
b = m(1-g8] (10) ‘

8 is equal to unity for a homogeneous
adsorbent (n » ») and its value increases as n
decreases. Thus Eqn. (10) shows that the
difference between b and m increases as the
surface heterogeneity increases. The Schay and
Nagy method will give a lower value of A for a
heterogeneous adsorbent than that for a
homogeneous solid unless S* is infinity or very
large. It may be concluded that no simple
method exists for estimating A from liquid
adsorption isotherm data. The entire isotherm
should be fitted by a model which takes into
account of the adsorbent heterogeneity in order
to obtain m or A.
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