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This study presents a literature review concerning the preciseness of over 170 publications
citing the original Lagergren’s paper in kinetics equation for solute adsorption on various
adsorbents. This equation applies to a range of solid-liquid systems such as metal ions, dyestuffs
and several organic substances in aqueous systems onto various adsorbents. The main objectives
are to manifest different forms of citations presented and offers a correct reference style for citing
the original Lagergren’s paper published in 1898.

Introduction

Adsorption kinetics depends on the adsorbate-adsorbent interaction and system
condition and has been investigated for their suitability for application in water
pollution control. Two vital evaluation elements for an adsorption process operation
unit are the mechanism and the reaction rate. Solute uptake rate determines the
residence time required for completing the adsorption reaction and can be enumerated
from kinetic analysis. Numerous attempts were made in formulating a general
expression to describe the kinetics of adsorption on solid surfaces for the liquid-solid
adsorption system. In 1898, Lagergren presented the first order rate equation for the
adsorption of ocalic acid and malonic acid onto charcoal (LAGERGREN, 1898).
Lagergren’s kinetics equation may have been the first one in describing the adsorption
of liquid-solid systems based on solid capacity.

In order to distinguish kinetics equation based on concentration of solution and
adsorption capacity of solid, Lagergren’s first order rate equation has been called
pseudo-first order (HO & MCKAY, 1998a, 1998b, 1998c, 1998d). Earlier known
application of Lagergren’s kinetics equation to the adsorption was undertaken by
TRIVEDI et al. (1973) for the adsorption of cellulose triacetate from chloroform onto
calcium silicate. During the last three decades, the kinetics equation has also been
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reported for the adsorption of pollutants, such as metals, dyes and organims from
aqueous solution.

This study presented a literature review of approximately 170 published papers
citing Lagergren’s pseudo-first order kinetics equation in various styles.

Discussion

Lagergren’s kinetics equation has been most widely used for the adsorption of an
adsorbate from an aqueous solution. Vast majority of the adsolutes in the adsorption
systems from the articles studied were aqueous phase pollutants such as metal inos,
dysstuffs, and contaminating organic compounds. At large, the adsorbents were
activated carbon (ONGANER & TEMUR, 1998; KADIRVELU & NAMASIVAYAM, 2000;
DAI, 1994), materials of biological organic compounds (YAMUNA & NAMASIVAYAM,
1993; KANDAH, 2001), agricultural by-products such as banana pith (NAMASIVAYAM &
KANCHANA, 1992), palm-fruit bunch (NASSAR, 1997), coir pith (NAMASIVAYAM et al.,
2001), cow dung (DAS et al., 2000), sago (QUEK et al., 1998), coconut husk (MANJU et
al., 1998), and orange peel (NAMASIVAYAM et al., 1996) and inorganic adsorbents such
as fly ash (VIRARAGHAVAN & RAMAKRISHNA, 1999; PANDAY et al., 1985),
polyacrylamide grafted hydrous tin(IV) oxide gel (SHUBHA et al., 2001), Fe(III)/Cr(III)
hydroxide (NAMASIVAYAM et al., 1994), chrome sludge (LEE et al., 1996), magnetite
(ORTIZ et al., 2001), kaolinite (ATUN & SISMANOGLU, 1996), and bituminous shale
(TÜTEM et al., 1998).

Lagergren’s original paper expressed the pseudo-first order rate equation for the
liquid-solid adsorption system in 1898 and was summarised as follows:

)( xXkdt
dx −= (1)

X and x (mg g-1) are the adsorption capacities at equilibrium and at time t, respectively.
k (min-1) is the rate constant of pseudo-first order adsorption.
Equation (1) was intergrated with boundary conditions t = 0 to t = t and
x = 0 to x = x:

ktxX
X =− )ln( (2)

and
( )kteXx −−= 1  . (3)
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Equation (2) may be rearranged to the linear form:

( ) ( ) tkXxX 303.2loglog −=−  . (4)

The most popular form used is:

( ) ( ) tkqqq mtm 303.2loglog −=−  , (5)

qm and qt (mg g-1) are the adsorption capacities at equilibrium and at time t respectively.
k (min-1) is the rate constant of pseudo-first order adsorption.

Figure 1 indicates how the equation was cited. However, all direct citations except
from HO et al. have made numerous mistakes in representing the author, journal title,
year, volume or page number. It is recommended to cite directly from the original
article but vast majority of the authors used so called second-handed references due to
the difficulty of maintaining the original information. Therefore, they cited the desired
references without realizing the citation mistakes.

Figure 1. Tree graph of citing the original paper from LAGERGREN, 1898
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The correct reference style citing the original Lagergren’s paper was first presented
by HO and MCKAY in 1998 (HO & MCKAY, 1998a, 1998b, 1998c, 1998d). That was
‘Lagergren, S. (1898), Zur theorie der sogenannten adsorption gelöster stoffe. Kungliga
Svenska Vetenskapsakademiens. Handlingar, Band 24, No. 4, 1-39.’ Its English
translation was ‘Lagergren, S. (1898), About the theory of so-called adsorption of
soluble substances. Kungliga Svenska Vetenskapsakademiens. Handlingar, Band 24,
No. 4, 1-39.’ and the abbreviated version ‘Lagergren, S. (1898), Zur theorie der
sogenannten adsorption gelöster stoffe. K. Sven. Vetenskapsakad. Handl., Band 24, No.
4, 1-39.’ This correct citing style, presented in Ho’s 13 papers since 1998, has been
widely used by more than 20 other authors.

The paper published by TRIVEDI et al. (1973) has been the most applied style. In
their paper, the authors cited Lagergren’s original paper as follows, ‘S. Lagergren,
Bil.K. Svenska Vetenskapsakad Handl. 24, (2), No. 4 (1898)’. Mistakes occurred in
authors, journal name and the page number of the article was also missing. More than
20 papers cited Lagergren’s paper via TRIVEDI et al. reference style (PANDAY et al.,
1985; GUPTA et al., 1990; ONGANER & TEMUR, 1998; VIRARAGHAVAN &
RAMAKRISHNA, 1999; KADIRVELU & NAMASIVAYAM, 2000).

KHARE et al. (1987) has also been widely referred. KHARE et al. (1987) reported that
the adsorption of Victoria Blue by fly ash was diffusion controlled and the process
followed the pseudo-first order adsorption rate expression of Lagergren. From their
paper, the KHARE et al. cited Lagergren’s original paper as follows, ‘Lagergren. (1898)
Bil. K. Svenska Ventenskapakad. Handl. 24’. Mistakes again occurred in authors,
journal name and the page number of the article was also missing. Seven papers cited
Lagergren’s paper were from KHARE et al. (1987), such as NAMASIVAYAM &
KANCHANA (1992); YAMUNA & NAMASIVAYAM (1993); NAMASIVAYAM et al. (1994);
and LEE et al. (1996).

SINGH et al. (1988b) reported that the sorption of As(III) by haematite followed the
pseudo-first order sorption rate expression of Lagergren. From the paper, SINGH et al.
cited Lagergren’s paper from TRIVEDI et al. (1973). However, there were seven papers
cited Lagergren’s paper from SINGH et al. (1988b), for instance, PERIASAMY &
NAMASIVAYAM (1994); NASSAR, (1997); ZHANG et al. (1998); and KANDAH (2001).

The pseudo-first order rate equation of Lagergren has also been widely discussed in
many sorption systems by India researcher Namasivayam. Namasivayam’s style of
reference has been utilized by more than 20 papers citing Lagergren’s paper, for
example NAMASIVAYAM et al. (1996); ORTIZ et al. (2001); NAMASIVAYAM et al.
(2001); SHUBHA et al. (2001); HAMADI et al. (2001); and GALIATSATOU et al. (2002).
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More than 20 papers (DAI, 1994; ATUN & SISMANOGLU, 1996; QUEK et al., 1998;
TÜTEM et al., 1998; MANJU et al., 1998; DAS et al., 2000) showed other citing styles for
referring the pseudo-first order rate equation of Lagergren, but the citation of these
papers is not as frequent as compared to the papers mentioned above. In addition, more
than 20 papers have discussed the pseudo-first order rate equation of Lagergren in their
publications without citing Lagergren’s paper.

Besides the discussion made above, there was another false phenomenum that can
be found in some papers. Researchers who cited the reference without actual discussion
on pseudo-first order equation of Lagergren such as: SINGH et al. (1988a); MARTIN &
HOLDICH (1986); and SANKAR et al. (1999).

Conclusion

All of the examined references from the literature review in this study were
incorrect for referencing Lagergren’s equation. Research papers conventionally include
an introduction, a description of the objectives and procedures of the study, an account
of the results and a discussion of the results and their implications. These sections were
thought as the core of a paper and always the focus of an author while writing.
However, a paper’s contribution existed not only in its originality and creativity, but
also in its continuity and development for the following researches. The reference
section can play a key role to researchers that were interested in the paper’s statement
and would like to follow the study or find useful information from the paper. Although
this section was as important as the core of a paper, it was easily to be ignored by the
author.

This paper offered a correct reference style for citing the original Lagergren’s paper.
It also suggested an important idea that author must not only be creative but also careful
while writing, in order to publish more valuable and worth of reading papers.

Nomenclature

X adsorption capacity at equilibrium (mg g–1);
x adsorption capacity at time t (mg g–1);
k rate constant of pseudo-first order adsorption (min–1);
t reaction time (min);
qm adsorption capacity at equilibrium (mg g–1);
qt adsorption capacity at time t (mg g–1).
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