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bstract

The adsorption of cationic dye (i.e., methylene blue) onto acid-activated andesite in aqueous solution was studied in a batch system with respect
o its kinetics as a function of agitation speed, initial adsorbate concentration, pH, and adsorbent mass. It was found that the resulting acid-activated
dsorbent possessed a mesoporous structure with BET surface areas at around 60 m2/g. The surface characterization of acid-activated andesite
as also performed using the zeta-potential measurements, indicating that the charge sign on the surface of the andesite should be negative in a

ide pH range (i.e., 3–11). Furthermore, a simplified kinetic model, pseudo-second-order, was tested to investigate the adsorption behaviors of
ethylene blue onto the clay samples treated under different process conditions. It was found that the adsorption process could be well described
ith the model. The adsorption capacity parameter of the model obtained in the present work was significantly in line with the process parameters.
2007 Elsevier B.V. All rights reserved.
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. Introduction

Synthetic organic dyes have been widely used for dyeing
f textile fibers such as cotton and polyester. However, these
hemical materials often pose certain health hazards and envi-
onmental pollution. Colored dye effluents with the appearance
f color may interfere with light penetration in the receiv-
ng water bodies thereby disturbing the biological processes.
urther, the effluents, which may be discharged in industrial
ffluents from dyestuff manufacturing and textile industries,
ay exhibit toxic effects toward microbial populations and can

e toxic and/or carcinogenic to mammalian animal [1]. There-
ore, environmental legislation has imposed stringent effluent

imits on the concentrations of dye pollutants as chemical oxy-
en demand (COD), biochemical oxygen demand (BOD) and/or
olor. For example, the limits of BOD, COD and true color in the
ndustrial effluents from dyeing/textile industries have been set
t 30 mg/L, 100–160 mg/L and 550, respectively, according to

∗ Corresponding author. Tel.: +886 8 7703202; fax: +886 8 7740134.
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he Effluent Standard in Taiwan [2]. Removal methods of dyes
n industrial effluents may be traditionally divided into three
ain categories: physical, chemical, and biological processes

3,4]. Among them, physical adsorption is generally considered
o be the most efficient method for quickly lowering the con-
entration of dissolved dyes in an effluent [5]. In this regard,
ctivated carbon is the most widely used adsorbent for removal
f dyes from the aqueous solution. Despite the prolific use of this
dsorbent throughout the water/wastewater treatment and other
ndustrial applications, the removal of organic pollutants by acti-
ated carbon adsorption remains an expensive process because
he adsorbent is still expensive and has high regeneration cost
hile exhausted. For these reasons, there is growing interest in
sing low-cost alternatives to carbon adsorbent [6–8]. By con-
rast with activated carbon, clay is relatively inexpensive due
o its accessibility and abundance. In recent years, clay miner-
ls (e.g. bentonite [9], diatomite [10], fuller’s earth [11], kaolite

12], montmorillonite [13], perlite [14], palygorskite [15], pyro-
hyllite [16], sepiolite [15,17], zeolite [18,19]) possessing the
nique surface and pore properties were extensively evaluated
or decoloring liquids.

mailto:wttsai@mail.npust.edu.tw
dx.doi.org/10.1016/j.jhazmat.2007.01.141
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Andesite, commercially known as wheat-rice-stone, has
ecome more popular with the commercial advertisement via
ass media in recent years because it was claimed to pos-

ess some cation-exchange capacity (CEC), suggesting that
t can be used in environmental protection and health-related
pplications such as drinking water purification/softening and
dor/tasty absorbing [20]. In Eastern Taiwan, the Coastal Range
s abundant in this natural mineral, which was characterized by
ts distinct large light-colored feldspar phenocrysts embedded
n the dark-colored groundmass [21]. By examining its min-
ralogical compositions regarding X-ray diffraction (XRD), it
as further found that the clay mineral was rich in the pres-

nce of the expandable vermiculite, or highly charged smectite
20], which should be Fe-rich saponite [21]. Based on its 2:1
ype aluminosilicate and cation-exchangeable properties in the
mectite/saponite-class clay mineral, these characteristics of
ndesite make it a potential and powerful adsorbent for adsorp-
ion or removal of metal cations [20], and organic cations from
queous solutions [22]. However, the specific surface area of the
lay sample was preliminarily obtained according to the mea-
urement of N2 adsorption–desorption in the authors’ laboratory,
howing that its BET surface area was below 5 m2/g.

For the purpose of serving it as an effective decolorizing
dsorbent, the clay precursor was processed to increase its
orosity by acid activation in the present study because the
cid-andesite used for the adsorption of cationic dye in aqueous
olutions has been scarcely reported in the literature. A basic
ye, methylene blue, was selected as a model compound in this
ork mainly due to its adsorption as a means of determining the

dsorption characterization of porous adsorbent with a potential
pplication in the removal of pollutants from aqueous solution
23]. Also, the water-soluble dye has some industrial applica-
ions, which may include the dyeing of silk, leather, paper, wool
nd cotton, and the production of ink and copying paper [24],
s well as the quality control test of concrete and mortar [25].
lthough methylene blue is not highly toxic to human being,

t can cause eye/skin irritation, and human systemic effects
ncluding cyanosis and blood changes [26]. With respect to the
dsorption equilibrium and kinetics of methylene blue onto acid-
ctivated andesite, the published information is also limited. The
resent study aimed at providing one option for utilizing the local
lay in the water treatment applications. Thus, the dual objec-
ives of this work were to characterize the chemical/physical
roperties of acid-activated andesite under the specified condi-
ions, and also to examine the fitness to pseudo-second-order

odel of the data for analyzing the adsorption kinetics at differ-
nt agitation rates, initial methylene blue concentrations, clay
dsorbent masses and initial pH in aqueous solutions.

. Methods

.1. Materials
The cationic dye used as target adsorbate in the present
tudy is methylene blue (i.e., Basic Blue 9, or C.I. 52015) with
95% purity, which was purchased from Katayama Chemical
o. (Japan). Its CAS identification information, chemical for-
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ula and molecular weight are 61-73-4, C16H18N3SCl·4H2O
nd 319.89 g/mol, respectively. The andesite sample, which was
riginally from the Coast Ridge of eastern Taiwan (Taitung, Tai-
an), has been crushed and ground by a local stone processor. It
as preliminarily tested by the examination of particle size dis-

ribution using Mastersizer S (dry type module) laser diffraction
article size analyzer (Malvern Instruments Co., UK), show-
ng that the powder sample possessed an appreciable proportion
f fine powder with volume median diameter of about 4.2 �m.
he sample was first dried in the oven (105 ◦C) at least 2 h, and

hen cooled to room temperature for further activation treat-
ent. Sulfuric acid (H2SO4, 96 wt%), which was purchased

rom Merck Co. (Germany), was selected as acid activator in
his study to activate the dried sample for the purpose of creat-
ng more fine pores. H2SO4 and NaOH were used for adjusting
nitial pH value in aqueous solutions to obtain the extent of the
dsorption capacity of methylene blue onto the acid-activated
ndesite.

.2. Preparation of acid-activated andesite

The apparatus and chemical activation method with H2SO4
mployed in the present work were similar to those for chem-
cal activation of spent diatomite as reported previously [27].
he acid treatment was carried out using a Pyrex glass reac-

or with boiler-reflux condenser and a magnetic stirrer/hot plate
Model No.: PC-420; Corning Co., USA). The andesite sam-
le (about 10 g) was slowly added to 100 cm3 solutions with
2SO4 concentration of 2.0N, stirred and maintained at the solu-

ion temperature of 90 ◦C during the activation period of 0.5 h.
fterward, the sample solution was first cooled to room temper-

ture, then filtered off using centrifugal separator and washed
equentially with de-ionized water three times to remove the ions
nd other residues. The resulting products were finally dried at
05 ◦C for 24 h, and stored in the desiccator prior to the physical
nd chemical characterizations.

.3. Characterization of acid-activated andesite

The physical properties (incl. BET, external and micropore
urface areas, total pore volume and micropore volume, as well
s average pore size distribution) of acid-activated andesite were
btained by measuring their nitrogen adsorption–desorption
sotherms at −196 ◦C in a surface area and porosity analyzer
Model No.: ASAP 2020; Micromeritics Co., USA). The mea-
urement of the resulting clay adsorbent was replicated four
imes for the purpose of determining the accuracy of the analyt-
cal method.

The cation-exchanging capacity and zeta-potential of acid-
ctivated andesite were measured to characterize its chemical
roperties. The former was obtained by using the sodium acetate
ethod (Taiwan EPA, NIEM Method S202.60A). The latter was

etermined by a Zeta Meter System 3.0 (ZETA-METER Inc.,

SA) to indicate the charges at the surface of the mineral parti-

le. The data on the zeta-potential versus pH was thus applied to
lucidate the effect of pH on adsorption of methylene blue onto
he clay adsorbent.
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.4. Adsorption studies

All the experiments of adsorption kinetics were carried out
n a ca. 3-dm3 stirred batch adsorption apparatus with four
affles as similarly described in our previous studies [27–29].
ll the dye solutions were prepared with de-ionized water.
he adsorption uptake of the clay adsorbent has been investi-
ated at 25 ◦C under the controlled process parameters including
gitation speed (i.e., 200, 400, and 600 rpm), initial dye con-
entration (i.e., 10, 20, 30, and 60 mg dm−3), clay mass (i.e.,
.5, 1.0, and 1.5 g), and initial pH (i.e., 3.0, 7.0 and 11.0).
he solution sample (about 10 cm3) was taken at specified time
p to 1 h and then filtrated with fiber membrane (Cat. No.:
045A025A; ADVANTEC MFS, Inc.). The analysis of dye

oncentration in the filtrate solution was immediately measured
ith UV/Visible spectrophotometer (Model: U-2001; Hitachi
o., Japan) at a 661 nm wavelength, at which the maximum
bsorbency occurred. The amount (qt, mg g−1) of adsorbed dye
n the activated andesite was directly determined by the differ-
nce between the initial dye and filtrate dye concentrations at
ny sampling time (t, min), not corrected with the dye purity. In
rder to evaluate the statistical significance of data in the kinetic
xperiments, each experiment point was an average of at least
wo independent tests under identical adsorption conditions.

. Results and discussion

.1. Characterizations of acid-activated andesite

.1.1. Pore properties of acid-activated andesite
It is well known that the acid activation is a common method

or replacing exchangeable K+, Na+ and Ca2+ by H+ in the inter-
amellar space of clay minerals (e.g. montmorillonite) and also

3+ 3+ 2+
eaching out a part of the Al , Fe and Mg from the lat-
ice structure, thus making the clay physically more porous. The
ata in Table 1 indicate the surface areas, pore volumes and aver-
ge pore diameter of the acid-activated clay. In order to acquire

able 1
ain physical properties of the acid-activated andesite

hysical property Valuea

urface area
Single point surface area at P/P0 = 0.3 61.04 ± 1.01 m2/g
BET surface area 61.81 ± 1.00 m2/g
Langmuir surface area 95.90 ± 1.86 m2/g
t-Plot micropore area 15.44 ± 1.19 m2/g
t-Plot external surface area 46.51 ± 1.82 m2/g

ore volume
Single point adsorption total pore

volume of pores less
than120–190 nm diameter at
P/P0 = 0.99

0.0498 ± 0.0021 cm3/g

t-Plot micropore volume 0.00820 ± 0.00058 cm3/g

ore size
Adsorption average pore width

(4V/A by BET)
3.221 ± 0.102 nm

a Mean ± standard deviation for four determinations.
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Fig. 1. Plot of pore size distribution of the acid-activated andesite.

he analytical precision and experimental accuracy, these pore
roperties were obtained from four determinations at a duplicate
cid-activated clay, which was carried out under two indepen-
ent experiments at the same acid activation conditions. From
he data in Table 1, it was found that BET surface area and total
ore volume of the acid-activated clay adsorbent were mediate,
nly about 61 m2/g and 0.05 cm3/g (seen in Table 1), respec-
ively. From the nitrogen adsorption/desorption isotherm (not
hown), it showed that the clay adsorbent was mainly meso-
orous, and was thus characterized by Type IV according to the
runauer, Deming, Deming and Teller (BDDT) classification

30], which was very similar to those obtained from activated
leaching clay [28]. The mesorosity was consistent with the data
n the values of average pore width and the ratio of micropore
urface area (or micropore volume) to BET surface area (or total
ore volume) in Table 1 and the plot of pore size distribution in
ig. 1. It was also seen in Table 1 that the acid activation exper-

ments conducted in duplicate had high repeatability based on
heir four pore measurements (i.e., two-pore measurements for
ach acid-activated sample). On the other hand, the main prop-
rties of fresh (untreated) andesite were also determined by the
ame instrument, giving that its BET surface area and total pore
olume are 2.7 m2/g and 0.01 cm3/g, respectively.

.1.2. Chemical characterization of acid-activated andesite
The surface charges of clay mineral may arise from unequal

onization and dissolution and specific adsorption interactions
t the surface because of the presence of ionizable silanol
roups (Si–OH) [10,31,32]. Therefore, the hydroxyl group
resent on the surface of the clay mineral can gain or lose a
roton, resulting in a surface charge that is dependent on its
H value in the aqueous solution. Fig. 2 preliminarily showed
he zeta-potential of the acid-activated andesite as a function
f pH. It was obvious that the surface of acid-activated clay at
he experimental conditions (i.e., pH > 3.0) exhibited negative
harges mainly due to the variable charge from pH dependent

urface hydroxyl sites. These negative charges increase with
he increase of the pH while the surface hydroxides lose their
rotons, and the surface becomes more anionic. This implies
hat the clay adsorbent may be liable to adsorb molecules
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Fig. 3. Plots of adsorbed methylene blue amount vs. time onto the acid-
activated andesite at various agitation rates (adsorption conditions: initial
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to 40 mg dm−3, the adsorption capacity (i.e., qe) of methylene
blue onto the acid-activated andesite increased from 16.0 to
20.0 mg/g, indicating that the initial concentration provided a
powerful driving force to overcome the mass transfer resistance

Table 2
Pseudo-second-order parameters for the adsorption of methylene blue onto the
acid-activated andesite at various agitation rates

Agitation rate (rpm) k (g mg−1 min−1) qe (mg g−1) R2

200 4.40 × 10−2 14.3 0.9986
Fig. 2. Plot of ξ-potential vs. pH of the acid-activated andesite.

f cationic dye based on the coulomb interaction. On the
ther hand, the CEC value of acid-activated andesite was
etermined by the sodium acetate method (Taiwan EPA, NIEM
ethod S202.60A) to be about 46.4 meq/100 g. This result was

elatively higher as compared to those of common clay minerals
uch as illite (CEC = 15–40 meq/100 g) [31]. It was also
oted that the acid-activated clay on its surface often become
egatively charged and was weakly held together by attached
xchangeable cations [33], resulting in relatively high in CEC.

.2. Adsorption kinetics of methylene blue onto
cid-activated andesite

The removal of methylene blue (denoted as MB) from the
queous solution onto the andesite adsorbent was found to be
apid at the initial period of contact time, and then to become
low and even stagnate with the adsorption in progress, implying
hat an ion-exchange or coulombic interaction between the neg-
tively charged particle surface and methylene blue cation (i.e.,
B+), a simple kinetic analysis of adsorption, pseudo-second-

rder equation, was thus used to fit experimental data in the
resent work [18,34]. Its linear form was commonly expressed
s follows:

t

qt

= 1

(kq2
e)

+
(

1

qe

)
t (1)

here k is the rate constant of pseudo-second-order adsorption
g mg−1 min−1) and qe and qt are the amount (mg g−1) of dye
dsorbed at equilibrium and time t, respectively. Rate parame-
ers, k and qe, can be directly obtained from the intercept and
lope of the plot of (t/qt) against t.

.2.1. Effect of agitation speed
The effect of agitation speed (i.e., 200, 400, and 600 rpm)

n the cationic dye adsorption at the adsorbent mass of 1.0 g,
H of 7.0, and initial dye concentration of 10 mg dm−3 was
hown in Fig. 3 and also listed in Table 2. Clearly, the corre-
ation between the experimental data and calculated values with
he pseudo-second-order model was excellent with the correla-

ion coefficients of higher than 0.99. The results indicated that
he residual dye concentration (Ct) or the ratio of residual dye
oncentration to initial dye concentration (Ct/C0) was on the
radual decrease as the adsorption time (t) increased. On the

4
6

A
1

ethylene blue concentration = 10 mg dm−3, adsorbent mass = 1.0 g, pH 7.0,
nd temperature = 25 ◦C; symbols: experimental data, full lines: calculated from
seudo-second-order kinetics model).

ther hand, the adsorption capacity (i.e., qe) was on the increase
ith agitation speed from 200 to 400 rpm (i.e., 14.3 mg/g versus
5.9 mg/g), but it approached to a plateau as the agitation speed
ncreased from 400 to 600 rpm. This effect can be attributed to
he strong turbulence and the very small thickness around the
dsorbent particles in the boundary layer as a result of a reduction
n the boundary layer resistance and an induction in the mobil-
ty of system. For a comparative purpose, with the same dye at
he initial concentration of 10 mg dm−3, adsorbent mass of 1.0 g,
H of 7.0, agitation speed of 400 rpm, and temperature of 25 ◦C,
he fitting results indicated that the adsorption capacity (i.e., qe)
as only 5.3 mg/g with correlation coefficients (R2) of over 0.99,
hich was significantly smaller than that (i.e., 15.9 mg/g) of acti-
ated andesite. This is consistent with the measured BET values
f 61.0 and 2.7 m2/g for activated andesite and fresh andesite,
espectively, described above.

.2.2. Effect of initial concentration
The effect of initial methylene blue concentration on the

dsorption rate of the cationic dye at the adsorbent mass of
.0 g, pH of 7.0, and agitation speed of 400 rpm was presented
n Table 3. As the initial dye concentration increased from 10
00 4.27 × 10−2 15.9 0.9988
00 4.68 × 10−2 15.9 0.9992

dsorption conditions: initial concentration = 10 mg dm−3, adsorbent mass =
.0 g, pH 7.0, and temperature = 25 ◦C.
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Table 3
Pseudo-second-order parameters for the adsorption of methylene blue onto the
acid-activated andesite at various initial concentrations

Initial concentration
(mg dm−3)

k (g mg−1 min−1) qe (mg g−1) R2

10 4.27 × 10−2 16.0 0.9988
20 3.54 × 10−2 16.4 0.9977
30 4.62 × 10−2 18.9 0.9990
40 4.80 × 10−2 20.0 0.9988
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Fig. 5. Plots of adsorbed methylene blue amount vs. time onto the acid-activated
andesite at various pH (adsorption conditions: initial methylene blue con-
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dsorption conditions: adsorbent mass = 1.0 g, agitation rate = 400 rpm, pH 7.0,
nd temperature = 25 ◦C.

etween the aqueous and solid phases. It was further noted from
ig. 4 that the curves of dimensionless dye concentration ver-
us time were smooth and continuous to saturation adsorption at
arious initial concentrations of methylene blue on the andesite
articles. Again, the kinetic modeling of the dye adsorption onto
he andesite adsorbent well followed the pseudo-second-order
ate model with the correlation coefficients of higher than 0.998
or all the system in the present work.

.2.3. Effect of initial pH
The pH is also one of the determining parameters of con-

rolling the adsorption behavior of cationic molecule onto
uspended clay particles [28]. In this work, the effect of the
hree initial pH (i.e., 3.0, 7.0, and 11.0) on the intake rate of
ethylene blue by the acid-activated andesite was investigated

t the adsorbent mass of 1.0 g, agitation spped of 400 rpm, and
nitial dye concentration of 10 mg dm−3. Fig. 5 showed that the
atio (Ct/C0) of residual dye concentration to initial dye concen-
ration at the pH of 3.0, 7.0, and 11.0 was on the decrease as the
dsorption time (t) increased. From the fitting data in Table 4, it

as seen that the adsorption capacity (i.e., qe) of methylene blue
nto the acid-activated andesite significantly increased when the
H of dye solution was changed from 3.0 to 7.0. It meant that
he charge sign on the surface of the andesite should be negative

ig. 4. Plots of adsorbed methylene blue amount vs. time onto the acid-activated
ndesite at various initial concentrations (adsorption conditions: adsorbent
ass = 1.0 g, agitation rate = 400 rpm, pH 7.0, and temperature = 25 ◦C; sym-

ols: experimental data, full lines: calculated from pseudo-second-order kinetics
odel).
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entration = 10 mg dm−3, adsorbent mass = 1.0 g, agitation rate = 400 rpm, and
emperature = 25 ◦C; symbols: experimental data, full lines: calculated from
seudo-second-order kinetics model).

n a wide pH range (i.e., 3–11), which can also be seen from
he data on the zeta-potential (Fig. 2). Therefore, the extent of
ethylene blue adsorbed on the andesite tended to increase with

he increase of pH values, which can be attributed to the electro-
tatic repulsion between the positively charged surface and the
ositively charged dye molecule for pH below 7. Also, lower
dsorption of MB at acidic pH is due to the presence of excess H+

ons competing with dye cations for the adsorption sites. These
bservations were similar to earlier findings by other workers
or adsorption of methylene blue (i.e., basic blue 9) on kaolinite
12] and perlite [14].

.2.4. Effect of adsorbent mass
The effect of varying the andesite mass on methylene blue

dsorption at the initial concentration of 10 mg dm−3, pH of 7.0,
nd agitation rate of 400 rpm has been carried out. The values of
seudo-second-order rate parameters for the adsorption system
ere listed in Table 5. Also shown in Fig. 6, the correlation
etween the experimental and theoretical results was still good.
t was further found that the ratio (Ct/C0) of residual dye
oncentration to initial dye concentration gradually decreased
s the adsorbent mass increased. This implied that the number

f adsorption sites (or total surface area) increased in parallel
ith the increase of adsorbent mass. However, the adsorption

apacity (i.e., qe) of acid-activated andesite decreased as its
ass increased. Such a phenomenon was similar to those of Ho

able 4
seudo-second-order parameters for the adsorption of methylene blue onto the
cid-activated andesite at various initial pH

nitial pH Final pH k (g mg−1 min−1) qe (mg g−1) R2

3.0 2.9 1.66 × 10−1 5.17 0.9979
7.0 6.7 4.27 × 10−2 15.95 0.9988
1.0 10.9 6.25 × 10−2 16.10 0.9992

dsorption conditions: adsorbent mass = 1.0 g, initial concentration =
0 mg dm−3, agitation rate = 400 rpm, and temperature = 25 ◦C.
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Table 5
Pseudo-second-order parameters for the adsorption of methylene blue onto the
acid-activated andesite at various adsorbent masses

Adsorbent mass (g dm−3) k (g mg−1 min−1) qe (mg g−1) R2

0.5 4.32 × 10−2 17.57 0.9993
1.0 4.27 × 10−2 15.95 0.9988
1.5 6.98 × 10−2 12.94 0.9997

Adsorption conditions: initial concentration = 10 mg dm−3, pH 7.0, agitation
rate = 400 rpm, and temperature = 25 ◦C.

Fig. 6. Plots of adsorbed methylene blue amount vs. time onto the acid-activated
andesite at various adsorbent masses (adsorption conditions: initial methy-
lene blue concentration = 10 mg dm−3, agitation rate = 400 rpm, pH 7.0, and
t
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[
Australian natural zeolite for basic dye removal from aqueous solution, J.
emperature = 25 ◦C; symbols: experimental data, full lines: calculated from
seudo-second-order kinetics model).

nd Chiang [34] and Hsu et al. [35] for the adsorption of dye
nto activated clay. This was to be reasonably expected because
he monolayer coverage of methylene blue on the outer interface
f andesite dominated the adsorption system at a fixed dye
mount from the time-rate adsorption curves (Figs. 3–6) even if
ncreasing the clay adsorbent mass provided a more surface area
nd therefore the total number of adsorption sites increased.
his would further lead to making a suggestion that higher initial
ye concentrations should be tested in conjunction with appro-
riate adsorbent mass in order to obtain the optimal adsorbent
ass.

. Conclusions

Andesite has proven to be a promising material for the
emoval of contaminants from aqueous phase. In this work,
he BET surface area of resulting acid-activated andesite thus
btained using H2SO4 activation method was about 60 m2/g,
ndicating that the porous clay adsorbent was Type IV with hys-
eresis loop corresponding to the mesoporous structure from
itrogen isotherm measurements. With respect to the suitabil-

ty of using acid-activated andesite as a mesoporous adsorbent
or the adsorption of methylene blue from aqueous solution,
he time-adsorption uptake has been examined under various
rocess parameters. The results showed that the adsorption sys-

[
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em could be explained by the electrostatic repulsion between
he positively charged surface and the positively charged dye

olecule in the acidic medium, and also attributed to the com-
etitive adsorption of dye cations on the adsorption sites in the
resence of excess H+ ions. Furthermore, the adsorption kinet-
cs of cationic dye onto the clay adsorbent can be well described
y pseudo-second-order reaction model. The kinetic parameters
hus obtained from the fittings of the model were dependent on
gitation speed, initial adsorbate concentration, pH, and adsor-
ent mass.
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