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Abstract

The adsorption of basic dye (i.e., ethyl violet or basic violet 4) from aqueous solution onto the regenerated spent bleaching ear
was carried out by varying the process parameters such as initial concentration, pH, and temperature. As analytical comparison
bleaching earth (ABE) was also used as adsorbent for the adsorption of the basic dye at various initial concentrations. The ex
results showed that the adsorption process can be well described with the pseudo-second-order reaction model and less fitted
particle diffusion model. The kinetic parameters of both models obtained in the present work are in line with pore properties o
adsorbents. According to the equilibrium adsorption capacity from the fitting of pseudo-second-order reaction model, it was furth
that the both models of Langmuir and Freundlich appeared to fit well the isotherm data. In addition, the thermodynamic parame
evaluated based on the pseudo-second-order rate constants, showing that the adsorption of ethyl violet onto the RSBE is end
nature.
 2005 Elsevier Inc. All rights reserved.
Keywords: Spent bleaching earth; Adsorption; Ethyl violet; Kinetic modeling; Isotherm
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1. Introduction

Activated bleaching earth (ABE), which is industrial
activated by acid, has a significant capacity to adsorb
oring matters and undesirable residues from oils, mainly
plied in the bleaching of edible oils[1]. However, its waste
or spent bleaching earth (SBE) is inevitably generated f
edible oil processing. It is noted that SBE not only prese
a fire hazard (i.e., spontaneous ignition), but also has an
pleasant odor. In the past, the waste was mostly dispos
to landfills, and partly composted in farms in Taiwan. In
der to conservatively utilize this natural resource, Taiwa
Environmental Protection Administration (EPA), in coop
ation with the Ministry of Economic Affairs (MOEA), ha
mandated a regulatory system for its reuse/recycling u
the authorization of the newly revised Waste Disposal
* Corresponding author. Fax: +886 6 2669090.
E-mail address: wwtsai@mail.chna.edu.tw(W.T. Tsai).
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since 2002[2]. In our previous studies[3–6], SBE was re-
generated by the thermal, chemical, and physical activa
methods. The maximum total pore volume of the rege
ated SBE (RSBE) obtained by the chemical method
close to 120 m2 g−1, which is equivalent to over 60% o
ABE’s property based on its total pore volume. The result
clay adsorbents containing mesopores were further ap
for the effective removal of herbicide paraquat from aq
ous solution because of the electrostatic attraction betw
the negatively charged clay particle and the cationic po
tant[4].

Dye effluents, which are often discharged in aqueous
fluents from the dyestuff manufacturing, dyeing, and t
tile industries, may contain chemicals that exhibit toxic
fects toward microbial populations and can be toxic and
carcinogenic to mammalian animal[7]. In Taiwan, the ef-
fluent standards have imposed stringent limits on the c

centrations of pollutants, chemical oxygen demand (COD)
of 100 mg dm−3, biochemical oxygen demand (BOD) of
30 mg dm−3, and true color of 550 in the industrial dis-

http://www.elsevier.com/locate/jcis
mailto:wwtsai@mail.chna.edu.tw


nd In

s in
ys-

s
kly

ent.
xten
nt
ben
still

e us
of

g
ted
of
tha
ot
s in

xane
bent
uch
(i.e.,
tive

rcity
dye
dy

ad-
4)
ies
de
e

itial
e of
do-

lyz-
hes
ely

(i.e.,
rp-

rder

pu-
vi-
o.

le-

sent

) and
dy

ated
on-

re

sly,
tures,
pore

res

olu-

out
af-

fect
tion
neg-
of

the
334 W.T. Tsai et al. / Journal of Colloid a

chargers. Conventional methods for the removal of dye
effluents may be divided into three main categories: ph
ical, chemical, and biological[8,9]. Physical adsorption i
generally considered to be an effective method for quic
lowering the concentration of dissolved dyes in an efflu
In this regard, activated carbon has been evaluated e
sively for the removal of color resulting from the differe
classes of dyes and is now the most widely used adsor
for dyes. However, adsorption using carbon adsorbent
remains an expensive process due to the high cost in th
of activated carbon and the difficulty in the regeneration
spent activated carbon[10]. For this reason, there is growin
interest in utilizing low-cost wastes/alternatives to activa
carbon as adsorbent[10–12]. However, the unique surface
activated carbon, in contrast to the other adsorbents, is
its surface is nonpolar or only slightly polar, which is n
preferable to adsorb or remove polar organic molecule
the fluid streams[13]. Low et al.[14] and Lee et al.[15,16]
pointed out that SBE regenerated by carbonization, he
extraction, and acid treatment could be used as adsor
for the removal of toxic chemicals in aqueous solution s
as basic dye (i.e., basic blue 3, basic blue 9), acid dye
acid blue 25, acid blue 29) and reactive dye (i.e., reac
blue 2, reactive yellow 2).

Based on the unique properties of RSBE and the sca
of its utilization as an adsorbent for the removal of basic
in the literature, the main objectives of this work are to stu
the feasibility and difference of using ABE and RSBE as
sorbents for the removal of ethyl violet (i.e., basic violet
from aqueous solution. RSBE with the optimal propert
has been obtained by using the chemical activation as
scribed before[5]. Thus, this work aims at determining th
extent of the effects of determining factors such as in
concentration, pH, and temperature on adsorption rat
ethyl violet, and further evaluating the usefulness of pseu
second-order and intraparticle diffusion models for ana
ing the adsorption system between the cationic dye and t
clay adsorbents. In addition, this paper was to tentativ
evaluate the usefulness of common isotherm models
Langmuir and Freundlich) based on the equilibrium adso
tion capacities from the fittings of the pseudo-second-o
model at 25◦C.

2. Methods and methods

2.1. Materials

The basic dye used as adsorbate without any further
rification in the present study is ethyl violet (i.e., basic
olet 4), which was purchased from Aldrich Chemical C
(St. Louis, U.S.A.). The identification information and mo
cular formula of the dye are C.I. 42600 and C31H42N3Cl,

respectively. The molecular structure of this dye is shown
in Fig. 1. The waste (i.e., SBE) sample was obtained from
the Hsiaokang By-products Factory of Taiwan Sugar Co.
terface Science 289 (2005) 333–338
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Fig. 1. Molecular structure of ethyl violet used as adsorbate in the pre
study.

Table 1
Main physical properties of regenerated spent bleaching earth (RSBE
activated bleaching earth (ABE) used as adsorbents in the present stua

Sample SBET
b

(m2 g−1)

V t
c

(cm3 g−1)
ρs

d

(g cm−3)

ρp
e

(g cm−3)
εp

f

(–)

ABE 268 0.36 2.305 1.262 0.452
RSBE 117 0.22 2.164 1.465 0.323

a Reference[5].
b BET surface area.
c Total pore volume.
d True density.
e Particle density, calculated byρp = 1/[Vt + (1/ρs)].
f Particle porosity, computed byεp = 1− (ρp/ρs).

(Kaohsiung, Taiwan). The precursor was then impregn
with potassium chloride and finally regenerated in the c
ditions of constant ramp rate of 10◦C min−1 under N2 flow
of 300 cm3 min−1, activation temperature of 600◦C, and
holding time of 1 h[5]. The main physical properties a
given inTable 1 [5]. As experimental comparisons,Table 1
also shows the main physical properties of ABE. Obviou
these adsorbents are characteristic of mesoporous struc
showing that the sample possesses a major peak of
(slit) widths at about 4.0 nm and a majority of the po
in a broad range at widths of 3.0–20.0 nm[5]. H2SO4 and
NaOH were used to adjust initial pH value of aqueous s
tion.

2.2. Batch adsorption studies

The experiments of adsorption kinetics were carried
in a 3-dm3 stirred batch adsorption apparatus with four b
fles, as similarly described before[17,18]. The basic dye
solutions were prepared with de-ionized water. The ef
of agitation speed at 200 and 400 rpm on the adsorp
uptake was first tested, showing that it seemed to be
ligible. In systems, the effect of the dye concentration
5–20 mg dm−3 on the adsorption uptake of RSBE under
mixing rate of 400 rpm, temperature of 25◦C, pH of 7.0,

−3
and dosage of 0.5 g 2.0 dm was first investigated. As
an analytical reference, the effect of the dye concentration
of 10–25 mg dm−3 on the adsorption uptake of ABE un-
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Table 2
Kinetic parameters for the adsorption of ethyl violet onto RSBE and ABE at various initial concentrationsa

Adsorbent Initial
concentration
(mg dm−3)

Pseudo-second-order Intraparticle diffusion

k

(g mg−1 min−1)

qe

(mg g−1)

R2 kdif

(mg min−1/2 g−1)

C

(mg g−1)

R2

RSBE 5 0.038 19.7 0.9998 1.005 10.8 0.7653
10 0.009 35.6 0.9967 1.967 16.1 0.9365
15 0.007 37.9 0.9962 2.311 15.0 0.9417
20 0.006 46.5 0.9958 2.681 19.8 0.9313

ABE 10 0.043 42.2 0.9996 7.240 19.4 0.8988
15 0.012 62.5 0.9990 7.466 24.1 0.8703
20 0.005 82.6 0.9978 7.989 25.6 0.9154
te= 4
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a Adsorption conditions: adsorbent dosage= 0.5 g 2.0 dm−3, agitation ra

der the same conditions was also carried out. Then the
sic dye with higher adsorption capacity onto RSBE (i
at initial concentration 20 mg dm−3) was further used to
study the variation of adsorption at various temperatu
(i.e., 15–45◦C) and pH (i.e., 3–11). The solution sample w
taken at a specified time and then filtered with fiber me
brane (Cat. No.: A045A025A; ADVANTEC MFS, Inc.
The basic dye concentration analysis of filtrate solution
immediately measured with UV/visible spectrophotome
(Model: U-2001; Hitachi Co., Japan) at 594 nm waveleng
The amount of basic dye adsorbed (qt , mg g−1) was deter-
mined as

(1)qt = (C0 − Ct)
V

m
,

whereC0 andCt are the initial and liquid-phase concentr
tions of the basic dye solution at timet (mg dm−3), respec-
tively, V is the volume (ca. 2.0 dm3) of aqueous solution
containing basic dye, andm is the mass of dry clay adso
bent used (g). In order to evaluate the statistical significa
of data in the kinetic experiments, a preliminary experim
was also repeated under identical conditions, showing
the reproducibility of the measurements was within 5%
the adsorption experiments.

3. Results and discussion

3.1. Adsorption kinetics

Due to the fast decrease in residual dye concentration
short time scale, implying the strong electrostatic interac
between the negatively charged surface and the cationic
a simple kinetic analysis of adsorption a pseudo-seco
order equation, was used to fit the experimental data a
ported before[17,18]. Its linear form can be described in th
form

(2)
t

qt

= 1

kq2
+ 1

qe
t,
e

wherek is the rate constant of pseudo-second-order adsorp-
tion (g mg−1 min−1) andqe andqt are the amounts (mg g−1)
0.9944 6.912 28.5 0.9455

00 rpm, pH 7.0, and temperature= 25◦C.

-

,

-

of the dye adsorbed at equilibrium and timet , respectively.
Rate parameters,k and qe, can be directly obtained from
the intercept and slope of the plot of(t/qt ) againstt . The
equilibrium concentration (i.e.,Ce) can be further calculate
from Eq.(1), as the value ofqe has been obtained from th
fitting of Eq.(2).

An adsorption reaction is said to be intraparticle-d
fusion-controlled if the reaction sites are internally located
the porous adsorbents and the external resistance to diff
transport process is much less than the internal resista
The intraparticle diffusion model is expressed as[19]

(3)qt = kdif t
0.5 + C,

whereqt is as defined in Eq.(2), kdif is the intraparticle diffu-
sion rate constant (mg min−1/2 g−1), andC is the intercept.
According to Eq.(3), a plot ofqt vs t0.5 should be a straigh
line with slopekdif and interceptC. The termkdif is indica-
tive of an enhancement in the rate of adsorption[20]. The
value of C gives an idea about the boundary layer thi
ness[19].

3.1.1. Effect of initial dye concentration
The rate of adsorption uptake by different initial ethyl

olet concentrations onto RSBE at adsorbent dosage of
2.0 dm−3, mixing speed of 400 rpm, pH of 7.0, and tem
perature of 25.0◦C decreased with increasing time until
gradually approached a plateau due to the continuous
crease in the concentration driving force, as reported be
[17,18]. The kinetic data obtained from batch studies h
been analyzed by using the pseudo-second-order mode
values ofk andqe for the basic dye, computed from Eq.(2),
are listed inTable 2, from which it will be seen that the ki
netic modeling of dye adsorption onto the clay adsorb
well follows this model, with correlation coefficients high
than 0.99 for the entire system. From the results inTable 2,
the equilibrium adsorption capacity (i.e.,qe) increases as th
initial dye concentration (i.e.,C0) from 5.0 to 20 mg dm−3.
Further, it was found that the variations of the rate cons

(i.e., k) seem to have a decreasing trend with increasing
initial dye concentration, which is consistent with studies re-
ported before[21,22]. In addition,Table 2also shows the
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adsorption kinetics of ethyl violet onto ABE at the nea
same conditions. It is clear that the adsorption capacitie
the basic dye onto ABE are always much larger than th
of the adsorption onto RSBE, which is in line with the po
properties (268 vs 117 m2 g−1 and 0.36 vs 0.22 cm3 g−1) of
the two adsorbents listed inTable 1. The result showed tha
the adsorption capacity of the adsorbent is dependent o
pore properties, supporting the fact ABE contains more p
space available for the adsorption of ethyl violet dye onto
The adsorption of ethyl violet onto ABE has been exac
completed at 5, 10, and 30 min under initial concentrati
of 10, 15, and 20 mg dm−3, respectively. The situation wa
very reasonable because the values of the mass transfer
ficient were lower at higher initial concentrations as a re
of the increase in equilibrium time with increasing init
concentration.

The adsorption kinetic data was further processed to
rate parameters of the intraparticle diffusion model. The
ues ofkdif at ABE are always larger than those ofkdif at
RSBE, as listed inTable 2. Clearly, it is again consisten
with the data on the pore properties (268 vs 117 m2 g−1 and
0.36 vs 0.22 cm3 g−1) andqe in Tables 1 and 2, respectively.
The result showed that thekdif value of adsorbent is als
dependent on its pore property, supporting the fact ABE p
sesses more potential for the adsorption of ethyl violet
onto it becausekdif is indicative of an enhancement in th
rate of adsorption. From the data on regression coeffici
in Table 2, it may be pointed out that the uptake of ethyl
olet slightly varies with the half-power of time (t0.5). The
adsorption kinetic modeling also indicated that the stra
line did not pass through the origin, implying that the adso
tion system is a rather complex process that involves b
boundary layer diffusion and intraparticle diffusion mech
nisms[23].

3.1.2. Effect of pH
The effect of initial pH on the rate of basic violet 4 u

take onto RSBE was investigated at an initial concentra
of 20 mg dm−3, adsorbent dosage of 0.5 g 2.0 dm−3, ag-
itation speed of 400 rpm, and adsorption temperature
25◦C. Again, the kinetics of the basic dye adsorption f
lows this model with regression coefficients of higher th
0.99, as listed inTable 3. Obviously, the adsorption capa
ity (i.e., qe) exhibits a typical “bathtub” pattern. Thus, th
maximum adsorption capacity of basic violet 4 from aq
ous solution takes place at basic condition (pH 11) or ac
condition (pH 3), while the dye adsorption shows a m
mum around pH 9. These observations were similar to ea
findings for the adsorption of methylene blue on kaoli
te [24]. It is known that the adsorbed amount of cationic d
increases with increasing pH in response to the increa
number of negatively charged sites that are available du
the loss of H+ from the surface of the clay particle[19,24].

These negative charges in the surface of the clay adsorben
were thus increased with increasing pH, which is parallel
to the increase in adsorbed amounts with increasing pH in
terface Science 289 (2005) 333–338

f-

Table 3
Kinetic parameters for the adsorption of ethyl violet onto RSBE at var
initial pHa

Initial
pH

k

(g mg−1 min−1)

qe

(mg g−1)

Correlation
coefficient

3.0 0.0051 63.7 0.9933
5.0 0.0066 46.9 0.9950
7.0 0.0063 46.5 0.9958
9.0 0.0061 44.1 0.9947

10.0 0.0071 54.6 0.9979
11.0 0.0226 80.0 0.9999

a Adsorption conditions: dosage= 0.5 g 2.0 dm−3, initial concentra-
tion = 20 mg dm−3, agitation rate= 400 rpm, and temperature= 25◦C.

Table 4
Kinetic parameters for the adsorption of ethyl violet onto RSBE at var
temperaturesa

Temperature
(◦C)

k

(g mg−1 min−1)

qe

(mg g−1)

R2

15 0.0045 36.1 0.9955
25 0.0063 46.5 0.9958
35 0.0054 48.8 0.9959
45 0.0038 56.5 0.9912

a Adsorption conditions: initial concentration= 20 mg dm−3, adsorbent
dosage= 0.5 g 2.0 dm−3, agitation rate= 400 rpm, and pH 7.0.

the adsorption system of cationic paraquat and ABE[18].
However, the tendency for increasing adsorption at pH
ues below 7.0 is difficult to explain. It could be due to t
removal of residues left in the pores of RSBE under ac
conditions, resulting in the slight increase of surface area
the adsorption.

3.1.3. Effect of temperature
The variations ofqt vs t at various temperatures of th

dye solution under the initial concentration of 20 mg dm−3

and pH of 7.0 still confirmed to fit the pseudo-second-or
model with high correlation coefficients(> 0.99). The val-
ues of model parameters (i.e.,k andqe) for different tem-
peratures have been calculated from Eq.(2) and the results
are given inTable 4, revealing that the fitted adsorptio
capacity at equilibrium (i.e.,qe) increased with increasin
temperature. For example, the values ofqe increased from
36.1 mg g−1 at 15◦C to 56.5 mg g−1 at 45◦C. Furthermore
the values ofCe decreased with increasing temperature. T
observations were in line with those observed by Low e
[14] for carbonized SBE and basic blue 3 and methyl
blue (i.e., basic blue 9), by Ghosh and Bhattacharyya[24]
for kaolinite and methylene blue, and also by Dogan
Alkan [19] for perlite and methyl violet (i.e., basic violet 1
These results imply that chemisorption mechanism may
an important role for the adsorption of basic dyes on

tbleaching earth.

The thermodynamic parameters of the adsorption process
are further obtained from the experiments at various temper-
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Fig. 2. A plot of logKd vs 1/T for the adsorption of ethyl violet onto RSBE

atures using the equations[24,25]

(4)logKd = �S0/(2.303R) − �H 0/(2.303RT ),

(5)Kd = qe/Ce,

where�H 0 and�S0 are the standard enthalpy and entro
for the adsorption process, respectively,R is the ideal gas
constant,T is the adsorption temperature, andKd is the
distribution coefficient. Equation(5) corresponds to the lin
ear part of the adsorption isotherm. Using Eq.(4), the val-
ues of �H 0 and �S0 can be determined from the slop
and intercept of the linear plot of logKd vs 1/T , respec-
tively. As shown inFig. 2, the values of�H 0 and �S0

were calculated to be 25.4 kJ mol−1 and 98.6 J mol−1 K−1,
respectively. These results reveal that the adsorption of e
violet onto the RSBE is endothermic in nature. It was
ported that the ranges of�H 0 and�S0 for adsorption of
methylene blue on kaolinites are 6.0–13.5 kJ mol−1 and
69.7–88.2 J mol−1 K−1, respectively[24]. The endothermic
nature of adsorption of methylene blue onto diatomace
clay was also obtained by Shawabkeh and Tutunji[25],
revealing that the values of enthalpy and entropy were
culated to be 6.42 kJ mol−1 and 25.2 J mol−1 K−1, respec-
tively. In the present work the results show that the ads
tion of ethyl violet onto the RSBE has a higher poten
because of the larger thermodynamic parameters when
pared to earlier findings for the adsorption of methylene b
on similar clay adsorbents[24,25].

3.2. Adsorption isotherm

Two common adsorption models have been tested in
present study, Langmuir and Freundlich models[26,27]:

(6)Langmuir: 1/qe = 1/
[
(KLqm)Ce

] + 1/qm,

(7)Freundlich: qe = KFC
1/n
e .

In Eq. (6), Ce andqe are the concentration (mg dm−3) and
−1
amount (mg g ) of ethyl violet adsorbed at equilibrium,

respectively,KL is a direct measure of the strength of ad-
sorption herein (dm3 mg−1), andqm is a constant relating
terface Science 289 (2005) 333–338 337

l

-

Fig. 3. Isothermal adsorption of ethyl crystal in aqueous solution o
RSBE at 25◦C. (Adsorption conditions: dosage= 0.5 g 2.0 dm−3, initial
concentration= 20 mg dm−3, agitation rate= 400 rpm, and pH 7.0.)

Table 5
Parameters in Langmuir and Freundlich adsorption isotherm mode
ethyl violet onto RSBE at 25◦Ca

Langmuir Freundlich

qm

(mg g−1)

KL

(dm3 mg−1)

R2 KF

(mg g−1 (dm3 mg−1)1/n)

1/n
(–)

R2

40.7 13.7 0.9671 31.7 0.164 0.943

a Adsorption conditions: initial concentration= 5–20 mg dm−3, adsor-
bent dosage= 0.5 g 2 dm−3, agitation speed= 400 rpm, and pH 7.0.

to the surface area occupied by a monolayer of adsorb
reflecting the adsorption capacity (mg g−1). Based on the
data ofqe from the fittings of the pseudo-second-order
sorption rate model,qm and KL can be determined from
its slope and intercept from a typical plot of 1/qe vs 1/Ce.
In Eq. (7), KF is a constant for the system, related to
bonding energy.KF is related to the bonding energy a
can be defined as adsorption or distribution coefficient
represents the general capacity of dye adsorbed onto
sorbents for a unit equilibrium concentration (i.e.,Ce =
1 mg dm−3). The slope 1/n, ranging between 0 and 1,
a measure for the adsorption intensity or surface het
geneity. A plot of lnqe vs lnCe enables the empirical con
stantsKF and 1/n to be determined from the intercept a
slope of the linear regression. Judging the correlation
efficients,R2, compares applicability of the isotherm equ
tions.

The results of Langmuir and Freundlich isotherms fit
by using the data of adsorption capacity from the reg
sion of Eq.(2) at 25◦C is presented inTable 5. Obviously, it
can be seen inFig. 3 that both the Langmuir and Freundlic
models seemed to describe well the adsorption behavio
ethyl violet from aqueous solution onto RSBE, as reflec
by correlation coefficients(R2) of 0.9671 and 0.9437, re
spectively. The adsorption isotherm revealed that the re
erated clay adsorbent uptakes 40.7 mg g−1 in relatively low

concentration of the basic dye in aqueous medium. As also
illustrated inTable 5, the value of 1/n is 0.164 indicating a
slight favorable adsorption system for which 0< 1/n < 1.
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In order to obtain the preliminary information on the a
sorption capacity of standard activated carbon as comp
to that of RSBE, the granular activated carbon (denote
PCB) with BET surface area of 1012 m2 g−1 [28], obtained
from Calgon Carbon Co. (Pittsburgh, USA), was studied
obtain its fitting adsorption capacities from the adsorpt
kinetic experiments at initial ethyl violet concentrations
10 and 20 mg dm−3 under the conditions of dosage= 0.5 g
2.0 dm−3, temperature= 25◦C, agitation rate= 400 rpm,
and pH 7.0. It was found that the fitting adsorption capaci
are 17.83 and 25.91 mg g−1, respectively. By compariso
with the data inTables 1 and 2, the equilibrium adsorption
capacities (i.e., 17.83 vs 35.6 mg g−1 and 25.91 vs 46.5 m
g−1) are not in accordance with the order of pore prop
ties, (i.e., 1012 vs 117 m2 g−1), implying that the basic dye
adsorbs largely and strongly on the clay mineral, somew
less on activated carbon in that its surface is generally n
polar[13].

4. Conclusions

This study showed that spent bleaching earth from ed
oil processing industry could be used as a precursor fo
preparation of an effective clay adsorbent for the remova
ethyl violet from aqueous solution. The adsorption of ba
dye is pH and temperature dependent. The maximum
sorption capacity of ethyl violet from aqueous solution to
place at basic condition (pH 11) or acidic condition (pH
while the dye adsorption showed a minimum around pH
An increase in temperature from 15 to 45◦C significantly
enhances the adsorption capacity, revealing that the ad
tion is endothermic in nature. The adsorption kinetics ca
well described by the pseudo-second-order reaction mo
Further, the both models of Langmuir and Freundlich mo
seemed to describe well the adsorption behavior of ethy
olet from aqueous solution onto RSBE. From the views
environmental protection and resource recycling, the
adsorbent prepared from spent bleaching earth is an o
for the removal of environmental organic pollutants from
aqueous medium.
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