
30-31 Ma~ 2.006
s· iss Gar~en Resort

Kuantan/ pahal18



\". - - j

Sg!gSS MEGAT AI/MAD KAMAL MEGAT HANAflAl-J ET IlL.

Kinetics Models for the Adsorption Process of Cd (II) Ions onto Rubber
(Hevea Brasiliensis) Leaf Particles

Megat Ahmad Kamal Megat Hrznajiah
Haslizaidi Zakaria

Suzila Shajiei

ABSTRACT

The kinetics oj Cd!+ adsorption Olltl) lIevea Brasiliensis (HB) lealparticles were investigated at different pH using a
batch adsorption technique at 30°C. Rate coefficients obtained from pseudo-second order plots were determined to
range between 3.99 to 6.2/ x 101 glmg./Ilin. The theoretical values 01 equilibrium adsorption capacities (q.) also
agree very wei: with the experimental olles. The kinetic analyses suggested that the rate limiting adsorption step was
chemisorption .!tid adsorption rates were best described by the pseudo-second order model.
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Introduction

Among many hcavy mctals, cadmiurn is one of the well-known toxic heavy metals, and is attracting wide attention of
environmcntali.;ts. According to the Malaysian standard of effluent, the permissible levels for cadmium discharges in
wastewater are 0.0 I mg/l (Standard A) and 0.02 mgll (Standard B) (Anon 2000). Adverse health effects due to
cadmium arc well documented and it has been reported to cause renal disturbances, lung insufficiency, bone lesions,
cancer and hyp.~rtension in humans (Sharma 1995). With a better awareness of the problem associated with cadmium
came increase in rescarch studies related to methods of removing cadmium from wastewater. Conventional methods,
such as chemical precipitation, chemical oxidation or reduction, filtra~ion, electrochemical treatment, application of
membranc technology, evaporation rccovery, solvent extraction and ion exchange processes, have been traditionally
cmploycd for heavy metal removal from industrial wastewater. However', these methods have significant
disadvantages, which include incomplete meta) removal, requirements for expensive equipment and monitoring
systems, high-energy requirement and generation of toxic sludge or other waste products that require disposal. This
has initialed research in new, low-cost materials for possible use as adsorbents. In general, an adsorbent can be
assumed as lov, cost if it requires little processing, is abundant in nature, or is a byproduct or waste materials from
another induslr~1 (Low et al. 2000).

atural materials that are available in large quantities or certain waste products from industrial or agricultural
operations may have potential as inexpensive adsorbents. A previous study conducted by Hanafiah et al. (2005)
revealed that 11;3 leaf particles were capable of removing cadmium fi-om aqueous sblution 'at a fast reaction time and
the maximum adsorption capacity determined from Langmuir plot Wz.s 3.68 mg for each grarn of the adsorbent.
However, a detailed study on the kinetics of adsorption of cadmium at different pH has not been conducted. The
study of adsorption kinetics in wastewater treatment is vital as it provides valuable insights into the reaction
pathways and into the mechanism of adsorption reactions. Furthermore, the kinetics describes the solute uptake rate
which in turn (ontrols the residence time of adsorbate uptake at the solution-solid interface. [n order to develop
adsorption kine-ics, the knowledge on rate law is required. The rate law however cannot be inferred by the overall
chemical equation, but must be determined by experimentation. This paper presents the study of adsorption kinetics
of HB leaf par:icles for removing cadmium fi'om aqueous solutions at different pH. The kinetics of adsorption
particularly the Intraparticle diffusion, Lagergen pseudo-first order and pseudo-second order models were discussed.

Materials and Methods

Adsorbent

Plant biomass, v/hich had been harvested in Jengka 8 was washed with ciistilled water, dried in an oven at 105°C for a
period of 24 h, :hen ground and screened to obtain particle sizes ranging from 78 - 71 0 ~lm. The HB leaf particles
were preserved in glass bottles for usc as adsorbent.

Batch Adsorption Experiments

Analytical grade cadmium (II) nitrare was used as the metal source and stock solutions of this metal ion were
prepared in double distilled water. Adsorption tests were carried out by agitating I g of the adsorbent with SO ml of
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the aqueous Cd2+ solution in Erlenmeyer flasks (100 ml) using a water bath shaker in a constant room temperature
(311 "C) The initial pH of the solutions was adjusted by adding drops of 0.1 M HN03 or 0.1 M NaOH solution. The
inilialmelal concentration was 2 mgll and the agitation time ranged from 5 1090 min. After adsorption, the mixture
wa,; filtered through Whatman filtcr paper (No. 40). The concentrations of cadmium in the solutions before and after
equilibrium were determined by atomic absorption spectrophotometer (Hitachi Model Z-8100 Polarized Zeeman)
using air acetylene flame. Control experiments were performed to measure any adsorption of Cd([J) ions onto the
wall of glassware. Neither precipitation nor adsorption onto the wall of the flasks was observed. All experiments
were performed in duplicates.

MII'tal Uptake

The: amount of Cd2+ adsorbed per unit weight of the adsorbent (q in mg/g) was computed by using the following
expression:

q=
m v (I)

wh'~re Co and C, are Cd2+ concentrations in mgll before and after adsorption for time I, V is thc volume of adsorbate
in I iter and m (g) is the mass of the adsorbcnt.

Results and Discussion

B: sic Adsorption

The adsorption data at different initial pH of the solutions is shown in Figure 1. The curves indicate that the rate of
ad;orption is high in the first few minutes and decreases until equilibrium is reached. It is noticed that adsorption
inc:reased with the decrease in acidity. The maximum equilibrium adsorption capacities are found to be 0.048, 0.099,
0. 998,0.099 and 0.099 111glg at pH 2,3,4,5 and 6, respectively. A rapid adsorption of cadmium is also seen at pH 3
an::1 abovc. In a highly acidic solution (pH 2), lowcr adsorption of cadmium occurred. According to Meena et al.
(21105), the increase in metal removal as pH increases can be explained on the basis of a decrease in competition
between proton (H+) and metal cations for the same functional groups. At low pH, the surface of the adsorbent would
be surrounded by hydronium ions, which dccrease the cadmium interaction with the adsorption sites of the dried HB
!e;.If particles by greater repulsive forces. At pH 2, most of the potential adsorption sites are protonated and prevent
Cd,:II) ions to be adsorbcd. When pH increases, adsorption capacities are improved due to lower competition between
thl' protons and Cd(lI) ions.
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Kinetics of AlIsO/'ption

If the movem~nt of the adsorbate or olute from the bulk liquid film surrounding the adsorbent is ignored, the
adsorpt ion process for porous sol ids can be separated into tl1l"ee stages;

i) Mas:; transfer (Boundary layer diffusion)
ii) Adsorption of ions onto adsorption sites
iii) Intraparticle diffusion

External l1ass transfer is characterized by the initial rate of solute adsorption. This can be obtained from the
initial slope of the C/Co-time curves, as shown in Fig. 2. The slopes can be derived by assuming that the relationship
was linear over the first 5 - 10 min (Forster et al. 1985). This gave initial rates of 0.031, 0.095, 0.095, 0.096 and
0.097 for cadnlium at pH 2, 3, 4, 5 and 6, respectively,
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In the model developed by Weber and Morris (1963), the rate of intraparticle diffusion is a function of t l
/2 and

can be defined as follows:

(2)

I where q (mg/g I is the amount of the metal adsorbed at time t, /<-p is the intraparticle rate constant (mg/g min 1/2). If
intraparticle diffusion occurs, then q versus t1

/2 will be linear and if the plot of q versus t1/2 passes through origin, then
the rate-limiting process is only due to the intraparticle diffusion. Otherwise, some other mechanism along with
intraparticle diffusion is also involved. Figure 3 shows the relationship for the HB leaf particles and cadmium system
is not linear over the entire time range, indicating more than one process is affecting the adsorption.
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Fig.3: Intraparticle Diffusion Plots at Different pH

This type of non-linearity has been reported previously by Ho et al. (1996) and has been interpreted as showing
th,d both boundary layer diffusion (the initial curved portion) and intraparticle diffusion (the final linear portion) are
oC1:urring. II is possible to derive an initial ratc parameter, kp by linear regression between t = 0 and tlim which is the
fir:;! breakpoint in the relationship (Ho et ai., 1996). Values of kp at different pH are given in Table I. These rate
pal'1meters have units ofmg/g min l

/
2 and as such are not a direct quantification of the rate. They can be interpreted in

relnive terms.

Table I: Intraparticle Rate Constants at Different pH

pH

2

3

4

5

6

Reaction rate parameters kp (mg/g min"2
)

0007

0.035

0.036

0.036

0037

In order to further investigate the controlling mechanisms of adsorption processes, the pseudo-first-order
La!:,ergren and pseudo-second-order rate equations were used to test the experimental data. The pseudo-first-order
kin'~tic model is given as (Lagergren 1894):

kllli

2.303
log (q" - qt) = log q" - (3)

where qt and q" are the amount adsorbed at time 1 and at equilibrium, and kad is the rate constant of the pseudo-first­
ord~r adsorption process (min'I). Straight line plots of log (qc - qt) against 1 were used to determine the rate constant,
knJ lnd correlation coefficients, R! for different cadmium concentrations. The pseudo-second-order equation (Ho and
M,:Kay 1999) is exprcssed as:
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where h = kq,2 can be regarded as the initial sorption rate as I -~ 0, and Ie is the rate constant of second-order
biosorptioll (g/mg.min). The plot Ilqt versus I should give a straight line if second-order kinetics is applicable and q.,
Ie and II can be determined from the slope and intercept of the plot, respectively. The plots of the linearized form of
the pseudo-fir~t-order and pseudo-second-order model at different pH by HB leaf particles are shown in Figs. 4 and
5, respectively.

The pseudo-fIrst-order rate constant (k",/) and q. determined from the model are presented in Table 2 along with
the corresponding correlation coefficients. The rate constants, calculated from the slopes of the best-fit lines were in
the mnge of 460 x 10-2 to 1.28 x 10- 1 min-I for pseudo-first order model. The dependence of the first-order rate
constant with concentration and the coefficients of correlation were lower than those found for the pseudo-second­
order model. It was observed in the present work that q. values computed from the experiment did not agree with q.
values obtained from pseudo-fIrst-order Lagergren plots. This indicates that pseudo-fIrst-order kinetics might not be
sufficient to describe the mechanism ofCd2+--HB interactions.
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Fig. 4: Lagergren Pseudo-First-Order Kkinetic Model at Different pH

The plot )f Ilql versus I for second-order model (Figure 5) yields very good straight lines (correlation
coefficient, If > 0.99). The second-or-der rate constants were in the range of 3.99 to 6.21 x 101 g/mg.min. The
theoretical values of qe also agr'ee very well with the experimental ones. Both facts suggest that the adsorption of
Cd 2

+ ions by HB leaf particles follows the second-order kinetic model, which relies on the assumption that
chemisorption may be the rate-limiting step. The values of the initial sorption rates (h) were determined by using the
values of the intercept of the straight lines plotted in Figure 5. It was found that the initial sorption rate increases with
an increase in the pH of the solution.
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Fig. 5: Pseudo-Second-Order Kinetic Modcl for Cd)+ ions Uptake by HB Leaf Particles at Different pH

Table 2 Comparison between Adsorption Rute Constants, qc Estimated and Coefficients of Correlation Associated to
the Lagergren Pseudo-First-Order and to the Pseudo-Second-Order Kinetic Models.

pH Pseudo-Iirst- Pseudo- q, (mg/g)
order kinetic second-order

mouel kinetic model

kWI fie R' k q,. (mgl R2 h experiment
(min") (mg/g) (gl g) (mg/g.min)

mg.min)

2 0078 0.042 0.975 3991 0.051 0994 1.00 x 10.2 0.048

0128 0.027 0849 23.127 0.100 0.999 2.31 x 10" 0.099

4 0064 0.007 0506 62.12 0.098 1.000 5.97 x 10" 0.098

5 0046 0.008 0386 39.899 0.098 0.999 3.83 x 10" 0.099

6 0.077 0.010 0.658 44.447 0.099 1.000 4.35 x 10' 0.099

Co elusion

FrUl1 the experiment, it can be concluded that the best pH range for cadmium adsorption is from 3 - 6. The order of
the reaction for the adsorption of cadmium onto HB leaf particles followed a pseudo-second-order rate expression
and intrapanicle diffusion might not be the only rate-limiting step in the adsorption process.
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