
troplating treatment on ACFs is a useful technique for

the removal of noxious gases from the aspect of highly

functional metallic catalytic systems.
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Adsorption has been an effective separation process

for a wide variety of applications. The most widely used

adsorbent for industrial applications is activated carbon.

The analysis of the isotherm data is important to de-
velop an equation which accurately represents the re-

sults and which could be used for design purposes. The

most common isotherms applied in solid/liquid system

are the theoretical equilibrium isotherm, Langmuir [1],

the best known and most often used isotherm for the

sorption of a solute from a liquid solution; the Fre-

undlich [2], the earliest known relationship describing

the adsorption equation and the Redlich–Peterson [3],
the earlier presented, containing three parameters iso-

therm.

Linear regression was frequently used to determine the

most fitted model throughout the years and the method

of least squares has been frequently used for finding the

parameters of the models. However, transformations of

non-linear isotherm equations to linear forms implicitly

alter their error structure and may also violate the error
variance and normality assumptions of standard least

squares [4]. In recent years, several error analysis meth-

ods, such as the coefficient of determination, the sum of

the errors squared, a hybrid error function, Marquardt’s

percent standard deviation, the average relative error and

the sum of absolute errors, have been used to determine

the best-fitting isotherm [5,6].

In this study, a comparison of linear regression and
Chi-square analysis of three isotherms, Langmuir, Fre-

undlich and Redlich–Peterson, have been applied to the

experiment of cadmium sorption on tree fern.

Linear regression analysis: The isotherms and their

respective linear forms were shown in Table 1 where the

linear form of Langmuir-1 was more common. The

correlation coefficient (r) and the coefficient of deter-

mination (r2) were shown in Table 2 where the latter has
been used to determine the relationship between the

experimental data and the isotherms in most studies. In

this case, both r and r2 for both linear forms of Lang-

muir isotherm were significantly different. If just using

the linear form of Langmuir-1 for comparison, Redlich–

Peterson isotherm was most suitable for the data fol-

lowed by Langmuir-1 and then Freundlich isotherm. In

contrast, if using the linear form of Langmuir-2, Red-
lich–Peterson isotherm was still most suitable, but was

followed by Freundlich and then Langmuir isotherm.

Even though the most suitable isotherm for the dataset

was Redlich–Peterson isotherm, the differences between

the two linear forms of Langmuir isotherms have sig-

nificantly affected the result. Three linear equations had

different axial settings individually so that would alter

the result of a linear regression and influence the
determination process.
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Chi-square analysis: The advantage of using Chi-

square test was comparing all isotherms on the same

abscissa and ordinate. The equivalent mathematical
statement was

v2 ¼
X ðqe � qe;mÞ2

qe;m
ð1Þ

where qe;m equilibrium capacity obtained by calculated

from model (mg/g) and qe was the equilibrium capacity

(mg/g) from the experimental data. If data from model
were similar to the experimental data, v2 would be a small

number and vice versa. The values of v2 of each model

were shown in Table 1. In this study, v2 of the two

Langmuir isotherms were similar where the Redlich–

Peterson and Freundlich isotherm exhibited identical and

lower v2 values than Langmuir and the latter ones were

considered to be a better match. The Redlich–Peterson

and Freundlich isotherms almost overlapped and seemed

to be the best-fitting models for the experiment results

from Fig. 1.

Correspondingly, the v2 test also showed similar re-

sults. Inversely, linear regression has denoted very dif-

ferent outcomes. Consequently, the Redlich–Peterson

and Freundlich isotherms were the most suitable models

for this sorption system. Unlike the linear analysis,

different forms of equation would effect r and r2 signif-
icantly and impact the final determination where non-

linear Chi-square analysis would be a method of

avoiding such errors.

In this study, we would like to point out that it is not

appropriate to use the correlation coefficient (r) or the

coefficient of determination (r2) of linear regression

analysis for comparing the best-fitting of Freundlich and

both linear Langmuir isotherms. Non-linear Chi-square
analysis could be a better method. Freundlich is a spe-

cial case of Redlich–Peterson isotherm when constants A
and B were much bigger than 1. It was clear that both

two-parameter Freundlich and three-parameter Red-

lich–Peterson isotherms were the best-fitting models

for the experiment results.
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Table 1

Isotherms and their linear forms

Isotherm Linear form

Langmuir-1
qe ¼ qmKaCe

1þKaCe

Ce

qe
¼ 1

qm
Ce þ 1

Kaqm

Langmuir-2 1
qe
¼ 1

Kaqm

� �
1
Ce
þ 1

qm

Freundlich qe ¼ KFC1=n
e

logðqeÞ ¼ logðKFÞ þ 1=n logðCeÞ

Redlich–Peterson qe ¼ ACe

1þBCg
e

ln A Ce

qe
� 1

� �
¼ g lnðCeÞ þ lnðBÞ

Table 2

Comparison of linear regression correlation coefficient, r, and coefficient of determination, r2 and non-linear Chi-square test analysis, v2

Isotherm v2 r2 r

Langmuir-1 0.477 0.992 0.996

Langmuir-2 0.398 0.916 0.957

Freundlich 0.0878 0.980 0.990

Redlich–Peterson 0.0878 0.997 0.999
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Fig. 1. Theoretical isotherms and experimental data.
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