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Abstract

The kinetics of cadmium sorption on to tree fern has been investigated based on the assumption of a pseudo-second order rate law.
The batch sorption model has been applied to predict the rate constant of sorption and the equilibrium capacity with the effect of initial
cadmium concentration. The experimental results have been analysed by pseudo-Langmuir, pseudo-Freundlich and pseudo-Redlich—Peterso
isotherms based on pseudo-second order kinetic expression constant. Both pseudo-Langmuir and pseudo-Redlich—Peterson isotherms wer
found to represent the measured sorption data well. According to the evaluation using the pseudo-Langmuir equation, the monolayer sorption
capacity was obtained to he 16.3 mg/g. In additighanalysis was also used to determine the most suitable model. Pseudo-Langmuir and
pseudo-Redlich—Peterson were also the best models for the experiment dajd &oatysis.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction by certain constants whose values express the surface prop-
erties and affinity of the sorbent. In many cases, the equilib-

Kinetics describe the solute uptake rate which in turn rium sorption capacity is unknown and when chemisorption
controls the residence time of sorbate uptake at the solid—tends to become immeasurably slow and the amount sorbed
solution interface. Therefore, it is important to be able to is still significantly smaller than the equilibrium amount
predict the rate at which pollutant is removed from aqueous [12]. On the other hand, equilibrium takes long time to ob-
solutions in order to design appropriate sorption treatment tain in some sorption systems. For instance, sorption of acid
plants. The rate law is determined by experimentation and dyes onto activated carbon, such as Acid Red 114, Polar Yel-
it cannot be inferred by more examination of the overall low and Blue RAWL takes 21 days to achieve equilibrium
chemical reaction equation. Numerous kinetic models have [13]. Sorption of propisochlor on soil takes more than 250
described the reaction order of sorption systems. Tradition- days to reach equilibriurfi4]. However, the pseudo-second
ally, the kinetics have been described by the first order equa-order equation has the following advantages: it allowed an
tion typical of that derived by Lagergrgh]. In recent years,  effective sorption capacity; the sorption capacity and rate
pseudo-second order rate law has been considerable as oneonstant of pseudo-second order and initial sorption rate all
of the most appropriate moddR]. An earlier yet important ~ can be determined from the equation without knowing any
discussion of the use of this model in bi-metal/solutions was parameter beforehand.

done by Ho et al.3]. Several applications to me{d-6], dye This investigation studies the kinetics of the sorption
[7,8] and organic pollutari®,10] sorption systems have also of cadmium(ll) using tree fern under various initial cad-
been reported. More recently, Ho and Chight] have pub- mium(ll) concentrations. A batch sorption pseudo-isotherms

lished extensively on the use of the model in mixed sorbents. were also developed by applying sorption capacity which
Equilibrium studies in sorption give the capacity of the obtained from Ho’s pseudo-second order kinetic rate law
sorbent. It is described by a sorption isotherm characterizedand was used to predict the monolayer sorption capacities
and sorption constants. A comparison of linear regression
mspondmg author. Tel:886-2-2736-1661x6514: and 2 aqalysis of three isotherms: Langmuir; Freundli_ch;
fax: +886-2-2738-4831. and Redlich—Peterson have been applied to the experiment
E-mail address: ysho@tmu.edu.tw (Y.S. Ho). of cadmium sorption on tree fern.
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2. Materials and methods the concentration of the sorbd15]:

The raw tree fern was dried in an oven at 106 for 24 dan = k(ge — q1)%, 1)
h. The sorbent was screened to obtain a geometrical size of
53-61 um. Stock cadmium solutions were prepared with Integrated pseudo-second order rate law can be obtained
distilled water and Cd(Ng),-4H,0. All working solutions ~ fromEq. (1)for the boundary conditiorts-0-t andg,=0-q,
were prepared by diluting the stock solution with distilled gives:
water. 1 1

A range of cadmium(ll) concentrations from 65.8 to 280 m = ; 2)
mg/dn? were used as simulated wastewater. 6.8 g sample of
tree fern (53—6Jum) was added to each 1.7 dwf cadmium  EQ. (2)can be rearranged to obtain a linear form:
solution b a 2 dn? sorber vessel. They were agitated with a  ; 1 1
speed of 300 rpm and a constant water bath at@%or 120 +—1 3)

. . . . . g ka2 qe
min. 2.5 ml of the mixed mixture were withdrawn at suitable
time intervals and filtered through a 0.46n membrane  wheregg is the amount of sorbate sorbed at equilibrium,
filter. These were analysed by an inductively coupled plasma(mg/g); t is the reaction time, (min)g, is the amount of
atomic emission spectroscopy analyser (ICP-AES) for the sorbate sorbed at time (mg/g); K is the equilibrium rate
concentration of cadmium. constant of pseudo-second order sorption, (g/mg min).
Ho’s pseudo-second order rate law shows how the sorp-
tion capacity of sorbate depends on time. If the equilib-
3. Kinetics model rium sorption capacity of sorbate and the rate condtame
known, then the sorption capacity of sorbate at any time can
The reaction rate of a chemical reaction is defined as the be calculated. Using the linear form equati&iu. (3) plot-
change in concentration of a reactant or product per unit ting t/q;, versust will give a straight line with slope &,
time. The concentrations of the products do not appear inand intercept qug.
the rate law because the reaction rate is being studied under
conditions where the reverse reactions do not contribute to
the overall rate. The reaction order and rate constant must bet. Results and discussions
determined by experiment. In 1995, Ho presented a sorption
pseudo-second order rate law expression showed how the Fig. 1shows a plot oEq. (3)for the sorption of cadmium
rate depends on the sorption capacity on solid phase but nousing tree fern. The results demonstrate a highly significant

14
® C, =65.8 mg/dm3
¢ C, =92.7 mg/dm3
12 -
A C; =109 mg/dm3
® C; =137 mg/dm3
%1 @ ¢, =171 mgidm3
5 ¢ C, =188 mg/dm3
%’ 81 a Cy =231 mg/dm3
E —— Pseudo 2nd order
= 61
=4
4 1
2 4
0 T T T T T T
0 20 40 60 80 100 120 140

t, (min)

Fig. 1. Pseudo-second order sorption kinetics of cadmium on tree fern at various initial concentrations.
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Table 1
Kinetic parameters for sorption of cadmium on tree fern

Co (mg/dn?)  Cep (Mg/dn?)  ge (Mg/g)  k (g/mg min)  r?

65.8 27.6 9.53 0.0824 1.000
92.7 46.0 11.7 0.0851 1.000
109 59.8 12.2 0.0342 1.000
137 84.7 13.2 0.0594 1.000
171 117 13.6 0.122 1.000
188 131 14.2 0.0206 1.000
231 174 14.3 0.0305 1.000
280 219 15.2 0.0505 1.000

linear relationship between cadmium sorbéfd,, andt.
Kinetic parameters for sorption of cadmium on tree fern
at various concentrations are shownTiable 1 The sorp-
tion capacity at equilibriumge, increases from 9.53-15.2
mg/g while the concentration increased from 65.8 to 280
mg/dn? with a tree fern dose of 4 g/dinTable 1 lists
the pseudo-second order rate consténtthe equilibrium
sorption capacityge, and the coefficient of determination,
r2, at various initial concentration of sorbat€p. These

761

Table 3
Comparison of linear regression coefficient of determinatic, and
non-lineary? test analysis

Isotherm r X
Pseudo-Langmuir-1 0.999 0.0242
Pseudo-Langmuir-2 0.993 0.0198
Pseudo-Redlich—Peterson 0.999 0.0198
Pseudo-Freundlich 0.944 0.0999

lower x2 value. The comparison of these two isotherms
with experimental data is shown ifFig. 2 The co-
efficient of determination for pseudo-Langmuir-1 was
0.999 and was higher than pseudo-Langmuir-2 (0.993).
It was clear that pseudo-Langmuir-2 might be a better
fitting model because of its loweg? value. Using the
linear form of pseudo-Langmuir-1 for comparison, the
pseudo-Redlich—Peterson isotherm was the most suitable
isotherm for the data followed by pseudo-Langmuir-1 then
pseudo-Freundlich isotherm. In contrast, if using the linear
form of pseudo-Langmuir, pseudo-Redlich—Peterson and

data were calculated from the intercept and the slope of apseudo-Langrrnur-2 isotherms were overlapped but was

straight line according t&q. (3) The data illustrate good

followed by pseudo-Langmuir-1 then pseudo-Freundlich

compliance with the pseudo-second order rate law based onisotherm Fig. 2). The most suitable isotherm for the dataset
sorption capacity because the coefficients of determinationwas pseudo-Redlich—Peterson isotherm, but the difference

were all extremely high=£1.000).

The amount of sorbate sorbed at equilibrium can be ob-
tained from pseudo-second order equation and the equilib-

between the two linear forms of pseudo-Langmuir isotherms
were significant. Three linear equations had different ax-
ial settings and denoted that the axial difference would

rium liquid phase sorbate concentration can be calculatedalter the result of linear regression and hence influence

from the equation below:

dems
, 4
- @

Cep is the equilibrium liquid phase sorbate concentration,
mg/dn¥; Cy is the initial liquid phase sorbate concentration,
mg/dn?; ge is the equilibrium sorption capacity obtained
form pseudo-second order rate law, mg/gs solution vol-
ume, dn3; andms is mass of mixed sorbert,

The isotherms and their respective linear forms were
shown inTable 2where the linear form of Langmuir-1 was
more common. The coefficient of determinatiof,has been

Cep: CO -

used to determine the relationship between the experimen-

tal data and the isotherms in most studiésble 3showed
that
isotherm had the same? (0.999) but pseudo-Redlich—

Peterson might be better fitting model because of its

Table 2
Isotherms and their linear forms

Isotherm Linear form
Langmuir-1 ge = (qmKaCe)/  Ce/ge = (1/qm)Ce + 1/(Kagm)
(1+ KaCe)
Langmuir-2 Yge = (1/(Kagm)) (1/Ce) + (1/gm)
Freundlich ge = KeC2/" log(ge) = 10g(Ke) + 1/n10g(Ce)
Redlich-  ge = ACe/ IN(A(Ce/ge) — 1) = gIn(Ce) + In(B)
Peterson (1 + BC§)

pseudo-Langmuir-1 and pseudo-Redlich—Peterson

the determination process. On the other haxtl,analy-

sis avoided this error and also indicated not only that the
pseudo-Redlich—Peterson isotherm was best fitting, but so
as Langmuir-2 which corresponded to the result figig 2
Different linear forms would conduct to different Langmuir
isotherm variables. Hencg? analysis might be an alterna-
tive method of determination due to its unified axial setting.

The sorption behaviour of cadmium on tree fern was
examined using the least squares linear regression analysis.
The values of the pseudo-Langmuir isotherm constants were
obtained from the slope and intercept of the straight line:
the saturated monolayer sorption capaciy, and sorp-
tion equilibrium constantk,, were 16.3 mg/g and 0.0499
dm®/mg from Langmuir-1 linear equation; as well as 16.1
mg/g and 0.531 diimg from Langmuir-2 linear equa-
tion. The pseudo-Freundlich sorption isotherm conskant
was 5.13 and ©was 0.205; the pseudo-Redlich—Peterson
isotherm constanf is 0.855,B was 0.0530 andy was
1.000. Under the basic condition of this sorption system,
it was estimated to be more likely to be approaching the
Langmuir form where it can be seen from the data where
the values ofy approached to 1.

The effect of isotherm shape can be used to predict
whether a sorption system is ‘favourable’ or ‘unfavourable’.
According to Hall et al.[16], the essential features of
the Langmuir isotherm can be expressed in terms of a
dimensionless constant separation factor or equilibrium pa-
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Fig. 2. Pseudo-isotherms of sorption cadmium on tree fern.

rameterKg, which is defined by the following relationship:  of cadmium on tree fern. From Linear regression, the results

1 from the study showed high coefficients of determination
Kr=7——F7—, (5) for pseudo-Langmuir and pseudo-Redlich—Peterson. The
1+ KaCo . . )
_ _ . . o results showed an excellent fit with the experimental data
whereKg is a dimensionless separation fact@y is ini- for both pseudo-Langmuir and pseudo-Redlich—Peterson.

tial concentration (mg/df) and K is Langmuir constant  Based on the shape of Langmuir isotherm, tree fern is an ef-
(dm*mg). The parameteKr indicates the shape of the fective sorbent. In additiory? analysis has also agreed to it
isotherm and nature of the sorption process as given below:yhere it may be consider being an alternative determination
method than linear regression.
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increased from 0.0668 to 0.233 while the concentration in- [2] Ho YS. Adsorption of heavy metals from waste streams by peat.
creased from 65.8 to 280 mg/dmThe sorption process Ph.D. Thesis. Birmingham, UK, University of Birmingham, 1995.
. [3] Ho YS, Wase DAJ, Forster CF. Kinetic studies of competitive heavy
was favourable for all systems. THg values indicated that metal adsorption by sphagnum moss peat. Environmental Technology
sorption was more favourable for the lower initial metal ion 1996:17:71-7.
concentrations than for the higher ones. Tree fern has previ- [4] Low KS, Lee CK, Liew SC. Sorption of cadmium and lead from
ously been used effectively on the removal of divalent metal aqueous solutions by spent grain. Process Biochemistry 2000;36:59—

ions such as zn(ll), Cu(ll) and Pb(ll) from aqueous solu- 64.
(n (n () d [5] Aksu Z. Equilibrium and kinetic modelling of cadmium(ll) biosorp-

tions [17]. Apcordmg to this classification, removal ability tion by C. Vulgaris in a batch system: effect of temperature. Sepa-
tends to be in the order Pb>Cu>Zn>Cd. ration and Purification Technology 2001;21:285-94.
[6] Basso MC, Cerrella EG, Cukierman AL. Activated carbons devel-
oped from a rapidly renewable biosource for removal of cadmium(ll)
5. Conclusion and nickel(ll) ions from dilute aqueous solutions. Industrial & En-
gineering Chemistry Research 2002;41:180-9.

L. . . . [7] Namasivayam C, Kavitha D. Removal of Congo Red from water
This investigation was based on the assumption of a by adsorption onto activated carbon prepared from coir pith, an

pseudo-second order mechanism in relation to the sorption  agricultural solid waste. Dyes and Pigments 2002;54:47-58.



Y.S. Ho, C.C. Wang/ Process Biochemistry 39 (2004) 759-763 763

[8] Fu Y, Viraraghavan T. Removal of Congo Red from an aqueous [13] Choy KKH, McKay G, Porter JF. Sorption of acid dyes from ef-

solution by fungusAspergillus niger. Advances in Environmental fluents using activated carbon. Resour Conserv Recycl 1999;27:57—
Research 2002;7:239-47. 71.

[9] Ho YS, McKay G. Comparative sorption kinetic studies of dye and [14] Czinkota T, Foldényi R, Lengyel Z, Marton A. Adsorption of
aromatic compounds onto fly ash. Journal of Environmental Science propisochlor on soils and soil components equation for multi-step
and Health Part A-Toxic/Hazardous Substances & Environmental isotherms. Chemosphere 2002;48:725-31.

Engineering 1999;34:1179-204. [15] Ho YS, McKay G. The kinetics of sorption of divalent metal
[10] Kelleher BP, Doyle AM, O’Dwyer TF, Hodnett BK. Preparation and ions onto sphagnum moss peat. Water Research 2000;34:735-

use of a mesoporous silicate material for the removal of tetramethyl 42.

ammonium hydroxide (TMAH) from aqueous solution. Journal of [16] Hall KR, Eagleton LC, Acrivos A, Vermeulen T. Pore- and

Chemical Technology and Biotechnology 2001;76:1216—22. solid-diffusion kinetics in fixed-bed adsorption under constant-pattern

[11] Ho YS, Chiang CC. Sorption studies of acid dye by mixed sor- conditions. Industrial and Engineering Chemistry Fundamentals
bents. Adsorption-Journal of the International Adsorption Society 1966;5:212-23.
2001;7:139-47. [17] Ho YS, Huang CT, Huang HW. Equilibrium sorption isotherm

[12] Ungarish M, Aharoni C. Kinetics of chemisorption: deducing ki- for metal ions on tree fern. Process Biochemistry 2002;37:1421—
netic laws from experimental data. Journal of the Chemical Society, 30.

Faraday Transactions 1981;77:975-85.



	Pseudo-isotherms for the sorption of cadmium ion onto tree fern
	Introduction
	Materials and methods
	Kinetics model
	Results and discussions
	Conclusion
	References


