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ABSTRACT

Rice husk ash (RHA) is a promising low-cost adsorbent. Meanwhile, the magnetic and
catalytic capabilities of ferrite nanoparticles make it efficient for water purification. In this
study, we prepared RHA and rice husk/CoFe2O4 composite (RHC) and studied their
methylene blue (MB) adsorption capacities in fixed-bed columns. The column regeneration
was also investigated. Both RHA and RHC are amorphous materials with Brunauer, Emmet
and Teller (BET) surface area of >180 m2 g−1 and mesopore volume of >0.1 cm3 g−1. The
CoFe2O4 nanoparticles are mainly located on the inner surface of RHC, which significantly
increased the mesopore volume and average pore size but decreased the BET surface area
and micropore volume. The adsorption ability of RHC was investigated in a fixed-bed
column, with RHA as control. The effects of column parameters including bed height, flow
rate, and inlet MB concentration on breakthrough curves were studied. The mathematical
models, such as bed-depth service time (BDST), Thomas, and Yoon–Nelson models were
applied to predict the breakthrough curves. It was found that BDST model fitted the break-
through curves best. Results showed that the breakthrough time of RHC is more than two
times than that of RHA, which may be attributed to the catalytic performance of CoFe2O4

nanoparticles. The exhausted RHA and RHC were retreated by three methods and eluted of
the column with ethanol caused the highest regeneration efficiency. In addition, fixed-bed
tests of RHA and RHC on real dye wastewater demonstrated that these adsorbents have
good practical value and application prospect.

Keywords: Rice hull; Methylene blue; Adsorption; Fixed-bed column; Ferrite

*Corresponding author.

1944-3994/1944-3986 � 2015 Balaban Desalination Publications. All rights reserved.

Desalination and Water Treatment 57 (2016) 12793–12803

Junewww.deswater.com

doi: 10.1080/19443994.2015.1052988

mailto:yankangkang.1989@163.com
mailto:chenxg83@gmail.com
mailto:liushuting@zju.edu.cn
mailto:1988aobo@163.com
mailto:gsyeying@zju.edu.cn
mailto:21334021@zju.edu.cn
mailto:jixiaoshen@hotmail.com
mailto:geliuqin@zju.edu.cn
http://dx.doi.org/10.1080/19443994.2015.1052988


1. Introduction

Environmental contamination caused by dyes has
gained global focus. Dyes present low toxicity to
mammals or aquatic organisms and have long been
used in the fields of dyeing, paper and pulp, textiles,
plastics, leather, cosmetics, and so on [1,2]. However, it
is a visible pollutant and the presence of even a trace
amount of coloring substance makes it undesirable [3].
There are many technologies to purify the dyeing
wastewater, such as photocatalytic degradation [4],
oxidation process [5], electrochemical technology [6],
membrane filtration [7], ion-exchange process [8], bio-
logical treatment [9], and adsorption [10]. Among these
technologies, adsorption has been proven to be an
effective process for dye removal [11]. It has advan-
tages over other techniques in terms of low initial cost,
flexibility and simplicity of design, ease of operation,
and so on [12]. Activated carbon (AC) is one of the
most widely used adsorbent in the water treatment
[13]. AC is a widely used sorbent for dyes removal;
however, the widespread use of AC is restricted by its
high cost, leading to the researches on alternative non-
conventional and low-cost adsorbents [14]. Agricul-
tural products are available in large quantities around
the world and rice husk is the byproduct during the
paddy process in rice milling industry. The generated
rice husk is in large quantities, which pose a serious
problem to environment and the applicability of rice
husk as foodstuff for cattle or as power source is lim-
ited [15,16]. Due to its abundant production, low cost,
and high contents of silica and carbon, it is a potential
low-cost biosorbent with efficient adsorption capacity
[17,18]. Many studies have investigated the use of rice
husk as biosorbent with high adsorptive capacity, such
as heavy metal removing [19], dye wastewater purifica-
tion [20,21], toxic substances removal from landfill
leachate [22], and oil compounds treatment [23].

Ferrites, with general formula of AFe2O4 (A =Mn,
Zn, Ni, Co, Fe, etc.), are magnetic materials with cubic
spinel structure. Ferrite catalysts have been employed
in various reactions, such as Knoevenagel reaction
[24], Fenton catalyst reaction [25], and so on [26].
Nano-sized ferrite particles are also potential wastewa-
ter-treating agents [27,28]. The magnetic and catalytic
abilities of ferrite make it potential to enhance the
treating efficiency and also make the adsorbents recy-
clable [29]. Dong et al. [30] found that CoFe2O4 nano-
sphere consisting of nanoparticles display high
adsorption performance on organic dyes. Ai et al. [31]
combined the AC with CoFe2O4 to create a composite
which could be used as a promising and effective
adsorbent for the removal of malachite green from
water.

In our previous work, we have studied the thermal
destruction of rice husk in air and nitrogen and the
adsorption properties of rice husk ash (RHA) [32,33].
The rice husk/ferrite composites were synthesized
and characterized. In addition, synthesized rice
husk/ferrite nanocomposites were used for methylene
blue (MB) removal in batch mode [29,34]. But there
are few studies about the MB adsorption behavior of
rice husk/CoFe2O4 composite (RHC) in fixed-bed
column method. Batch adsorption experiments are
usually used in laboratory to study the adsorption
kinetics, equilibrium, and thermodynamics, while in
industries the fixed-bed column is more commonly
used. In this study, we prepared RHA pyrolyzed from
rice husk and RHCs, and studied their MB adsorption
properties in fixed-bed column at laboratory scale. The
effects of bed height, initial MB concentration, and
flow rate on column adsorption were studied in detail.
Some common theoretical models were applied to fit
the breakthrough curves. The regenerating and reuse
of the adsorbents were studied in various adsorption–
regeneration cycles. In order to test the feasibility of
RHA and RHC for real practical use, we used
practical dye wastewater to conduct the fixed-bed
adsorption experiments.

2. Materials and methods

2.1. Materials

Rice husk was obtained from Hangzhou, Zhejiang
Province. MB, a cationic dye, was supplied by Aladdin
Industrial Corporation (Shanghai, China). HCl
(36–38%), ethanol (C2H5OH, 99.7%), Co(NO3)2·6H2O,
and Fe(NO3)3·9H2O were purchased from Sinopharm
Chemical Reagent Co. Ltd. (Shanghai, China). All
reagents were used without further purification and
deionized water was used throughout this study.

2.2. Preparation of the samples

In a typical procedure, two solutions: 100 mL
Co(NO3)2 (0.25 mol L−1) solution and 100 mL Fe(NO3)3
(0.5 mol L−1) solution were mixed with 100 g rice husk
and the mixture was vigorously stirred for 30 min.
The mixture was placed in a temperature-controlled
oven at 393 K for 2 h. Then, the mixture was trans-
ferred into a muffle furnace and heated at 1,023 K for
3 h without air. After cooling to room temperature,
RHC nanocomposite was obtained. For comparison,
rice husk was directly calcined at 1,023 K for 3 h with
the absence of air to obtain RHA. The heating rates
were 10 K min−1 for all treatments.
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2.3. Characterizations

The crystallinity and phases of RHC and RHA
were carried on a D/max 2550 X-ray diffractometer
(Rigaku, Japan) with Cu Kα radiation at scan rate of
0.02˚ s−1. The surface morphologies of the samples
were evaluated by a 650 FEG Field 108 Emission Scan-
ning Electronic Microscope (Quanta, USA) at accelerat-
ing voltage of 10–20 kV. The specific surface area and
pore characteristics of the samples were measured by
nitrogen adsorption and desorption at 77 K using an
AUTOSORB-1-C surface area and pore analyzer. The
pore volume and pore size distribution of RHA and
RHC were estimated by the Barrett–Joyner–Halenda
(BJH) method.

2.4. Adsorption studies by fixed-bed column

Fixed-bed column adsorption experiments were
conducted in glass columns with 8 mm in diameter
and 300 mm in length, MB solution was pumped in a
down flow mode through the fixed-bed with certain
amount of samples, using a multi-channel peristaltic
pump at specified flow rates. The output samples
were collected at regular interval and then were ana-
lyzed to yield the output MB concentrations (Ct). The
breakthrough time was determined as time t when
Ct/C0 = 0.05. The operation temperature for all
experiments was maintained at 293 K. The MB
concentrations were measured at 664 nm (λmax), using
a TU-2550 UV–vis spectrophotometer (Purkinje Gen-
eral Instrument Co. Ltd., Beijing).

2.5. Regeneration of the column

In order to reuse the adsorbents and regenerate the
saturated column, the exhausted adsorbents were
retreated by three methods: the exhausted adsorbents
in the column were eluted with 0.1 mol L−1 HCl solu-
tion, ethanol (99.7%), or heated in a microwave oven.
The flow rate of the eluting process was maintained at
2 min L−1 until the outlet of the column became color-
less, the microwave oven power of 700 W and the fre-
quency of 2,450 MHz were selected. The regeneration
progress was carried out after the adsorption progress
reached the breakthrough point of the curve. The cycle
of adsorption–regeneration were repeated three times
in the same way. The regeneration efficiency (RE) was
calculated using Eq. (1).

RE ¼ qr
q0

� 100 (1)

2.6. Practical wastewater treatment

The real dye wastewater was collected from a
dying industry situated at Shaoxing, China. The
wastewater contains various electrolytes such as
Na2S (355 mg kg−1), NaCO3 (420 mg kg−1), NaCl
(350 mg kg−1), and other auxiliaries. The industrial
wastewater sample was spiked with MB to reach the
concentration of 20 mg L−1 and the pH of the solution
was 8.6. The wastewater was treated in the fixed-bed
column; the flow rate and bed height were kept at
10 mL min−1 and 200 mm, respectively.

3. Results and discussion

3.1. Characterization of samples

Both RHA and RHC were characterized by X-ray
diffraction (XRD), scanning electronic microscope
(SEM), and Brunauer, Emmet and Teller (BET) to
show their physico-chemical characteristics. Fig. 1
(left) shows the XRD patterns of RHA and RHC. Both
samples exhibit a broad peak at around 2θ = 22˚,
which can be attributed to the amorphous silica pyro-
lyzed from rice husk [33]. Typical crystal faces of
CoFe2O4 (JCPDF# 22-1086) (2 2 0), (3 1 1), and (4 0 0)
can be identified from the diffraction peaks of RHC,
which proved the successful preparation of RHC.

The corresponding SEM images of RHA and RHC
are consistent with XRD analyses that both samples
are amorphous materials. The micro-morphology of
RHA shows that many protuberances from raw rice
hull and many particles distribute on the outer sur-
face, while the inner surface is relatively smooth,
which attributed to the retention of carbon that origi-
nated from organic matters in the rice husk [29,33].
The outer surface of RHC is similar to that of RHA
with many protuberances. The inner surface, however,
is filled with homogenized CoFe2O4 nanoparticles
with diameter of about 240 nm. It is suggested that
the cobalt ferrite particles will be preferentially synthe-
sized on the inner surface of rice husk, which may be
attributed to the relatively hydrophobic nature for the
outer surface of rice husk [29].

Fig. 2 and Table 1 show the derived BET surface
area, pore volumes, pore size distributions of RHC
and RHA. Both RHA and RHC show similar meso-
pore distributions with maximum mesopore volume
of about 4 nm, due to the restriction of silica frame-
work in rice husk [33]. However, because ferrite
nanoparticles grew along the silica framework and
consequently created more mesopores, the mesopore
volume and average pore size of RHC are much
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higher than that of RHA. In addition, the ferrite
nanoparticles will fill up the existing micropores, the
BET surface area and micropore volume of RHC are
significantly lower than that of RHA as a result.
Because MB molecules can only enter mesopores [32],
the mesopore volume is a key factor in determining
the MB adsorption capacity of adsorbents.

3.2. Fixed-bed adsorption of MB

3.2.1. Effect of bed heights on breakthrough curves

The effects of bed height on the adsorption perfor-
mance of RHC and RHA were investigated over a
range from 100 to 267 mm. The breakthrough times at

different bed heights are shown in Table 2. As
expected, increase in bed height will significantly
enhance the breakthrough time, because the amount
of adsorbent and binding sites are increased conse-
quently. It is observed that the slopes of the break-
through curves were roughly similar. However, with
the increasing of bed heights, the slopes decreased
slightly. At the same concentration and flow rate, the
increase of bed column length results in a broadened
mass transfer zone. The mesopore and surface area
are essential on the MB adsorption. Table 1 and Fig. 2
show that RHC presents more than 1.8 times meso-
pore volume in 3.776–3.837 nm but 40.0% surface area
than that of RHA. It is also found that the RHC col-
umn exhibits more than three times service times than

Fig. 1. (Left) XRD patterns of (A) RHC and (B) RHA; (right) SEM images of ((a) and (b)) RHA and ((c) and (d)) RHC.

Fig. 2. (a) Micropore and (b) mesopore size distributions of RHA and RHC samples.

Table 1
BET surface area and pore characteristics of RHA and RHC

Samples BET surface area (m2 g−1) Mesopore volume (cm3 g−1) Micropore volume (cm3 g−1) Average pore size (nm)

RHC 194.7 0.186 0.088 4.90
RHA 309.0 0.118 0.147 2.88
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that of RHA, which is disproportionate to the ratios of
mesopore size and surface area between RHC and
RHA. It is attributed to the fact that the CoFe2O4

nanoparticles in RHC will catalytically remove MB
molecules from aqueous system. It can be verified by
our previous work that we investigated the MB
removal by RHC for adsorption and degrading
organic compounds in the organic wastewater treat-
ment [34]. The catalytic performance of ferrites was
also studied in other works [35,36]. According to the

results of our data, the catalytic performance of
CoFe2O4 was certified and the use of rice husk/
CoFe2O4 in fixed-bed is applicable (Fig. 3).

3.2.2. Effect of volumetric flow rate

The effect of the volumetric flow rate on the MB
adsorption was studied at 2.5, 5, 7.5, 10, 15,
20 mL min−1. The breakthrough curves are showed in

Table 2
Column data and parameters obtained at different operation conditions

Operation conditions

Fixed-bed parameters

Vb (mL) tb (min) q0 (mg g−1)

RHA RHC RHA RHC RHA RHC

Bed height* (mm)
100 60.3 226.6 6.03 22.66 6.09 11.73
133 84.1 558.9 8.41 55.89 7.83 15.41
167 142.6 737.7 14.26 73.77 8.00 14.64
200 152.8 1,022 15.28 102.2 7.31 16.26
267 307.2 1,543 30.72 154.3 6.14 15.92

Flow rates (mL min−1)
2.5 1,401 1,455 560.5 581.7 13.73 14.27
5.0 853.5 1,064 170.7 212.8 10.09 12.8
7.5 555.6 493.1 74.08 98.62 10.89 11.72
10 657.4 602.0 65.74 60.20 10.75 10.67
15 255.3 315.9 17.02 21.06 5.64 6.49
20 303.2 302.4 15.16 15.12 5.80 5.75

Inlet MB concentrations (mg L−1)
10 675.5 1,784 67.55 178.4 8.62 12.98
20 657.4 602.0 65.74 60.20 10.75 10.67
50 127.0 408.3 12.70 40.83 12.95 9.18
100 58.4 214.8 5.84 21.48 2.6 10.73

*The data of different bed heights at operation conditions was obtained from the second batch of synthetized samples, which showed

some difference from others.

Fig. 3. Breakthrough curves of MB removal by (a) RHA and (b) RHC at different bed height from 100 to 267 mm (flow
rate: 10 mL min−1, initial MB concentration: 20 mg L−1).
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Fig. 4 and the breakthrough times are shown in Table 2.
It is clear that in both cases breakthrough times
increase significantly with the decrease of flow rate.
When at a low rate, MB molecules have longer time
contacting with adsorbents and higher removal effi-
ciency was achieved. In addition, higher contact time
in the fixed-bed will increase the possibility of MB
molecules diffusing through the internal boundary
layer around the adsorbent, which in turn will increase
the efficiency of MB adsorption. The results obtained
were similar to those reported by other works [37,38].
In both cases, the increase of flow rate will elevate the
slopes of the curves, which indicates a decrease in the
mass transfer resistance of the progress.

3.2.3. Effect of inlet MB concentration on breakthrough
curve

The effect of inlet MB concentration was investi-
gated at 10, 20, 50, 100 mg L−1. The breakthrough
curves are plotted in Fig. 5 and the breakthrough
times are shown in Table 2. It was illustrated from
Fig. 5 and Table 2 that in both cases, breakthrough

times decrease with increasing MB concentration. In
addition, with the increase of inlet MB concentration,
the slopes of the curves become higher, which indi-
cates a faster mass transport. With the same inlet con-
centration, the breakthrough times achieved by RHC
were longer than that of RHA. It is attributed to the
catalytic removal of CoFe2O4 for MB and the catalytic
performance of CoFe2O4 was certified.

3.3. Modeling

3.3.1. Bohart–Adams and bed-depth service time model

The Bohart–Adams model was developed by Bohart
and Adams in 1920 [39]. This model was initially
applied to a gas–solid system, nowadays it is used for
the quantitative description of other types of adsorption
systems. This model describes the relationship between
Ct/C0 and t in a fixed-bed system and it assumes that
the forces like intra-particular diffusion and external
mass transfer resistance are negligible. Therefore, the
adsorption rate is proportional to the residual capacity
of the solid and the concentration of the adsorbents.

Fig. 4. Breakthrough curves of MB removal by (a) RHA and (b) RHC on different flow rates from 2.5 to 20 mL min−1

(bed height: 200 mm, initial MB concentration: 20 mg L−1).

Fig. 5. Breakthrough curves of MB removal by (a) RHA and (b) RHC on different inlet MB concentrations (bed height:
200 mm, flow rate: 10 mL min−1).
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This model is used to describe the initial part of
the breakthrough curve. Hutchins linearized the
Bohart–Adams equation and presented the bed-depth
service time (BDST) model which made a correlation
between the service time and the fixed-bed height:

t ¼ N0

C0U
Z� 1

C0kAB
ln

C0

Cb
� 1

� �
(2)

Eq. (1) enables the service time (t) of an adsorption
bed to be determined by a specified bed depth (Z) of
adsorbent. t and Z are correlated with initial MB con-
centration (C0), solution flow rate (U), and the adsorp-
tion capacity (N0). Eq. (2) can be defined by the
following parameters:

t ¼ aZ� b (3)

a ¼ slope ¼ N0

C0U
(4)

b ¼ intercept ¼ 1

C0kAB
ln

C0

Cb
� 1

� �
(5)

The lines of t–Z at values of Ct/C0 = 0.05, 0.25, and
0.5 are shown in Fig. 6. The uncertainties of the rela-
tive parameters and BDST parameters are also listed
in Table 3.

From Table 3, all the determination coefficients
(R2) adsorbed by RHC exceed 0.99, indicating that the
BDST model might be applicable for the present sys-
tem. However, the coefficients R2 values of RHA are
not as high as RHC. The BDST model constant can be
helpful to scale up the process for other flow rates
and concentration without further experimental run.
These results indicate that the equation can be used to

predict the adsorption performance at other operating
conditions for MB adsorption by RHA and RHC.

3.3.2. Thomas model

Thomas model is another widely used model in
fixed-bed performance theory. It was developed by
Thomas [40] in 1944 which assumes a Langmuir iso-
therm for equilibrium and the adsorption is the rate
driving force which obeys a second-order reversible
reaction kinetics. This model is suitable for adsorption
processes without axial dispersion. Meanwhile, the
external and internal diffusion limitations are absent.

The expression of Thomas model is given as
follows:

Ct

C0
¼ 1

1þ expððq0m� C0vtÞkTh=vÞ (6)

The linearized expression of this model can be
transformed into the following form for ease of
calculation:

ln
C0

Ct
� 1

� �
¼ kThq0m

v
� kThC0t (7)

As shown in Table 4, a good relationship between
experimental and theoretical data (R2 < 0.8) cannot be
obtained for the MB adsorption by RHC and RHA for
all breakthrough curves, even in the region below to
50% saturation.

3.3.3. Yoon–Nelson model

Yoon–Nelson model is a simple theoretical model
which is originally used on the adsorption of vapors

Fig. 6. Linear regression of 0.05, 0.25, 0.5 breakthrough for different bed height by (a) RHA and (b) RHC.
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or gases in activated coal. It assumes that the rate of
decrease in the probability of adsorption for each
adsorbate molecule is proportional to the probability
of adsorbate adsorption and the probability of
adsorbate breakthrough on the adsorbent [41]. The
Yoon–Nelson equation can be expressed as:

ln
Ct

C0 � Ct

� �
¼ kYNt� skYN (8)

This model is not suitable for this study because
good relationship between experimental and theoretical

data (R2 < 0.6) cannot be obtained for all breakthrough
curves, even in the region below 50% saturation.

The adsorption capacity (q0) of MB on some other
low-cost adsorbents collected from literature data are
shown in Table 5. It is indicated that the capacity of
RHC column is relatively higher than some low-cost
adsorbents. However, the adsorption capacities of
many adsorbents are higher than RHC in our study.
Because the preparation is relatively simple and the
raw material comes from agricultural wastes, RHC
has a great potential for the application in wastewater
treatment.

3.4. Regeneration of the column

The regeneration efficiencies by various methods
are calculated and listed in Table 6. After regenerating
three times, the RE decreased slightly and the RHA col-
umn showed higher RE than that of RHC column. The
RE of RHA column by ethanol treatment was higher
than 87%, even after three cycles. Leechart et al. [49]
found that if the adsorptive dye can be eluted by acids
or bases, the attachment of the dye onto the adsorbent
is by ion exchange. If organic acid solvents can desorb
the dye, it can be said that the adsorption of the dye
onto the adsorbent is by chemisorption. Ethanol treat-
ment resulted in the highest RE for RHA column. The
effectiveness of ethanol treatment in the regeneration of
MB-loaded RHA and the adsorption of the MB onto the
RHA is by chemical adsorption mechanism. The
regeneration efficiencies for RHC column are lower
than RHA column, which may be due to the stronger
forces between MB molecules and RHC.

3.5. Practical wastewater treatment

In order to study the application of RHA and RHC
for the removal of dye compounds, the practical

Table 3
Calculated constants of BDST model for the adsorption of
MB using linear regression analysis (C0 = 20 mg L−1,
v = 10 mL min−1)

Ct/C0 0.05 0.25 0.50

RHA
R2 0.9257 0.8655 0.8271
N0 227.7 276.6 435.3
kAB 0.02850 0.01258 –

RHC
R2 0.9941 0.9967 0.9949
N0 1,206 1,435 1,786
kAB 0.005645 0.001958 –

Table 4
The correlation coefficient of Thomas model for the
adsorption of MB using linear regression analysis
(C0 = 20 m L−1, v = 10 mL min−1)

Bed heights (mm) 100 133 167 200 267

R2 (RHA) 0.6766 0.4457 0.5739 0.5366 0.4052
R2 (RHC) 0.7071 0.6489 0.5826 0.6967 0.6334

Table 5
Bed capacity of different adsorbents for MB adsorption

Materials

Operation condition
Adsorption capacity

ReferencesC0 (mg L−1) Q (mL min−1) Z (cm) q0 (mg g−1)

Rice husk 50 8.2 39 6.63 [42]
Zeolite 30 2.2 15 4.36 [43]
Iron oxide-coated zeolite 30 9 16 12.5 [44]
Activated carbon 100 5 – 7.00 [45]
Bamboo charcoal 200 100 12 g 29.26 [46]
Fungal biomass – – – 15.5 [47]
Chitosan-clay composite 200 5 3.6 142.31 [48]
RHA 20 10 20 5.33 This study
RHC 20 10 20 16.26 This study
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wastewater samples should be investigated. The
adsorption capacity of RHA and RHC column were
5.15 and 16.0 mg g−1, respectively, which have reached
the capacity of 96.7 and 98.4% than that of ideal condi-
tions. Other than MB molecules, the practical
wastewater contains a great quantity of auxiliaries
including various electrolytes, alkaline materials, and
other compounds. The auxiliaries in the practical dye
wastewater may have a competitive effect on the
adsorption of MB onto adsorbents and the adsorption
force may be interfered by the electrolytes. As a result,
the adsorption capacity was a little lower than that of
ideal conditions. However, the results showed that no
significant difference was observed on the adsorption
capacity, suggesting that RHC and RHA can be used
to treat practical wastewater.

4. Conclusions

The rice husk/CoFe2O4 nanocomposite was success-
fully synthesized and its physicochemical properties
such as BET surface area were studied. Surface area
and pore size distribution of RHA and RHC indicate
that RHC exhibited lower BET surface area and higher
mesopore volume than that of RHA. MB adsorption by
RHA and RHC were studied in fixed-bed columns. The
column data were fitted by BDST, Thomas model, and
Yoon–Nelson models. BDST model is the most suitable
model to describe the MB adsorption by RHA and
RHC. Based on the experimental results, RHC exhibits
higher efficiency for MB removal from aqueous solu-
tions in a fixed-bed column than that of RHA.
Regeneration studies indicate that ethanol treatment is
the most efficient method to regenerate the RHA col-
umn. Successive regeneration cycles suggest that the
regenerated RHA retained high adsorption efficiency.
Both RHA and RHC are effective adsorbents for the
removal of dyes from practical wastewater.
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