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Correlation between parameters obtained from the signle-solute and bi-
solute adsorption data by means of the Langmuir- Freundlich equation has been
studied.
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Die Langmuir- Freundlich-Qleichung in der Adsorption von verdiimnten Lisungen
an Festkorpern

Die Korrelation zwischen den bei Anwendung der Langmuir-Freundlich-
Gleichung erhaltenen Adsorptionsparametern fir Einzel- und Bindrkomponen-
tenlosungen wurde untersucht.

Introduction

Theoretical studies of multi-solute adsorption from dilute solutions
on energetically heterogeneous solids have been presented in the earlier
papersl=9. It follows from these studies that the isotherm equations
corresponding to quasi-Gaussian energy distribution give the best
agreement with the experimental datal.5.6. One of these equations,
frequently used in gas10.11 and liquid adsorption!?-13, may be written as
follows$:
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where 07 and ¢; are the relative single-solute adsorption and con-
centration of the i-th solute, respectively, K; is the Langmuir-type
constant determining position of the energy distribution on the energy
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axis, and m, is the heterogeneity parameter connected with the width of
this distribution. Equation (1), called the Langmuir-Freundlich iso-
therm, deseribes the monolayer single-solute adsorption from dilute
solutions on heterogeneous solid surfaces showing quasi-Gaussian
distribution of adsorption energies. This equation has been extended to
multi-solute adsorption®é by using two different approximations,
analogous to those used in adsorption of gasl4.15 and liquid mix-
tures'6.17. The extended forms of Eq. (1), describing the multi-solute
adsorption, may be expressed as followsS:

INgE

(Kyci)m
b= =L — (2)
1+ Y (Kye)m
i=1

I

and
(Kyy)™
= _X‘Lm 3)
L+ (Kyy)™
where
13
y=c+ ) (Ki/Ki)e (4)
j=2

In the above § is the total relative adsorption of » solutes from a dilute
solution, and m is the heterogeneity parameter characteristic for a
given adsorption system.

Results and Discussion

In this communication, we will discuss the correlation between
values of m; obtained from the single-solute and bi-solute adsorption
data by means of Eqgs. (1), (2) and (3). The experimental data for single-
solute and bi-solute adsorption from dilute aqueous solutions on
activated carbon, measured by Fritz18 and discussed by Digiano et al.3,
were used to study this correlation. The parameters a,,;, £; and m; for
single-solute adsorption data, where a,,; is the maximum adsorption of
the solute in the monolayer and 6? is defined as the ratio of the solute
adsorbed amount to a,,;, were evaluated by using the linear form of Eq.

(1):
In[0%(1—6%] = m;In K; + m;Inc, (5)



The Langmuir-Freundlich Equation 395

These parameters are summarized in Table 1. Next, the bi-solute
adsorption data were approximated by the linear forms of Egs. (2) and

(3) forn=2:
In (8,/6;) =mIn K15 + mln (¢/cy) (6)
In[6/(1 —6)] =m; In K + m;In (¢; + Ky ¢5) (7)
where '
K1y =K, [Ky; Koy = (Kpp)™? (8)
0= i 8 9)

1
and 0; is the partial relative adsorption of the i-th solute. The bi-solute
adsorption data of Fritz!® were analysed by means of the linear
relationship (6) by Derylo and Jaroniecs. However, the parameters a,,,
K, K9 and m, of Eq. (7) obtained for these data, are summarized in
Table 2. Fig. 1 presents the linear plots In [6/(1 —6)] vs. In (¢; + Ko ¢5)

1

Table 1. Parameters a,,;, K; and m; of Eq. (5), characterizing the single-soluie
adsorption from dilute agueous solutions on activated carbon at 293 K

Solute Qi K'L .My
[mmol/g]

phenol 7.0 0.12 0.38

p-nitrophenol 5.9 2.26 0.28

p-chlorophenol 5.3 2.74 0.34

benzoic acid 6.0 1.17 0.41

Table 2. The parameters of Eqs. (§), (6) and (7) characterizing the single-solute
and bi-solute adsorption from dilute aqueous solutions on activated carbon at 293 K

Solute “1” Solute “2” Qo Koy K, K m; my m
[mmol/g] [Eq. 7] [Eq. 5] [Eq. 7] [Eq. 5] [Eq. 6]
phenola p-nitrophenol 6.45 18.8 0.15 0.12 0.33 0.38 0.70
phenol® p-nitrophenol 6.45 18.8 0.08 0.12 0.29 0.38 0.76
p-nitrophenol  p-chlorophenol 5.6 1.2 2.42 2.26 0.34 0.28 0.90
p-nitrophenol  benzoic acid 5.95 052 2.6 2.26 0.35 0.28 0.90

a Parameters characterizing adsorption from low concentration range.
b Parameters characterizing adsorption from high concentration range.
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Fig. 1. The linear dependence In[6;(1 —8)] vs. In (¢; + Ky ¢3) for adsorption of:

phenol(1) + p-nitrophenol(2) (low concentration range) (O); phenol(1) + p-

nitrophenol(2} (high concentration range) (@); p-nitrophenol(1) + p-chloro-

phenol(2) (A); p-nitrophenol(1) + benzoic acid (2) (A) from dilute aqueous
solutions on activated carbon at 293 K

for bi-solute adsorption systems. It follows from Fig. 1 that Eq. (7),
similarly as the relationship (6), gives a good representation of the
experimental data. Moreover, the parameters K, obtained from single-
solute data by means of Eq. (5) and from bi-solute data by means of Eq.
(7) are similar. The values of m obtained by means of Eqgs. (5), (6) and
(7) are also compared in Table 2. It follows from this comparison that
the values of m obtained by means of Eqs. (5) and (7) are similar. It
means that the bi-solute adsorption data may be predicted by means of
Eq. (7) using the single-solute adsorption parameters of Eq. (3). The
other important conclusion concerns the theoretical dependence be-
tween Eqs. (5), (6) and (7). A good correlation between the parameters
of Egs. (5) and (7) means that only Eq. (7) may be considered as an
extension of Eq. (5). However, the similarity between Eqs. (5) and (6)
has a formal character only; the single-solute adsorption parameters of
Eq. (5) are not suitable for predicting the bi-solute adsorption data by
means of Eq. (6).
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