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Abstract

The present communication reports a short history on the pseudo second order kinetic models previously reported for sorption systems. This

present paper presents the information citing the original presentation of pseudo second order kinetic expression.

q 2006 Published by Elsevier Ltd.
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In reaction to the comments by Dr Y.S. Ho [1] on the work

of Justi et al. [2], we would like to address the following topics:

Our work was mainly commented asking to cite the correct

reference for pseudo second order kinetic expression. We would

like to point out that in 1984, Blanchard et al. proposed [3] a

second order rate equation for the exchange reaction of divalent

metallic ions onto NHC
4 ions fixed zeolite particles. The

linearized form of Blanchard et al’s second order kinetics was

given by:

1

qeKq
KaZ kt (1)

where qe and represents the amount of dye adsorbed at

equilibrium and at any time t and represented in terms of

milligram/gram, k is the second order rate constant. The rate

constant can be obtained from the slope of plot between 1/(qeK
q) versus time t. Applying boundary conditions qZ0 for tZ0, it

follows that aZ1/qe. Thus this model has an advantage to

predict the equilibrium uptake capacity without the support of

experimental data. The non-linearized form of Eq. (1) can be
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given by:
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Applying the value of a in Eq. (1) and rearranging, the non-

linearized form of pseudo second order expression can be

obtained as follows:
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q2
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Eq. (3) can be linearized to different types as shown in

Table 1. From Table 1, it was observed that the Eq. (3) can

be linearized to atleast four different types: type 1, type 2,

type 3 and type 4, respectively. Table also shows the way

to obtain the kinetic parameters from these linearized

pseudo second order expressions. Out of the four linearized

form of pseudo second order expression shown in Table 1,

type 1 was reported by Ho and McKay [4] in 1998 for the

sorption of dye ions onto peat particles. Thus it is evident

that pseudo second order model for solid/liquid adsorption

systems was originally proposed by Blanachard et al. [3]. In

the adsorption field, Langmuir isotherm [5] have been the

most widely used isotherm to represent the adsorption

process at equilibrium conditions. In literatures four

linearized types of Langmuir isotherm have been reported

[6–9]. Irrespective of the linearized expressions reported, it

have been widely called as the Langmuir isotherm.
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Table 1

Different linearized form of pseudo second order expression

Type Linear form Plot Parameters

Type-1 1
q
Z 1

kq2
e
C 1

qe
t t/qt vs. t qeZ1/slope

K2Zslope2/intercept

hZ1/intercept

Type-2 1
q
Z 1

kq2
e

� �
1
t
C 1

qe

1/qt vs. 1/t qeZ1/intercept

K2Zintercept2/slope

RZ1/slope

Type-3 1
t
Z K2q

2
e

q
KK2q

2
e

qe

1/t vs. 1/q qeZKslope/intercept

K2Zintercept2/slope

RZslope

Type-4 q
t
ZK2q

2
eK

K2q
2
eq

qe

q/t vs. q qeZKintercept/slope

K2Zslope2/intercept

RZintercept
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Irrespective of the linearized type of pseudo second order

expression, it will be more appropriate to cite the original

paper of Blanachard et al. [3] for pseudo second order

kinetics thus the paper of Blanachard et al. [3] would be

read for the pseudo second order model we had used in our

paper.
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