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Chakkrit Umpuch*

Department of Chemical Engineering, Faculty of Engineering, Ubon Ratchathani University, Ubon Ratchathani 34190,
Thailand.

Received February 2015
Accepted April 2015

Abstract

The objective of this study was to investigate the adsorption characteristics of green 40 on organo-corn straw which was
prepared by means of adsolubilization in batch tests and fixed bed column experiments. The batch tests were studied as
functions of contact times (t), initial pH solutions (pHo), and initial dye concentrations (Ce). The adsorption reached equilibrium
within 5 h and the amount of the dye adsorbed decreased with increases in pHo. The adsorption isotherm followed Langmuir
and Freundlich isotherms and the kinetic data obeyed the pseudo-second order kinetic model. The fixed bed experiments were
carried out as functions of inlet dye concentrations, liquid flow rates, and bed heights. The breakthrough point appeared faster
with increases in liquid flow rates and inlet dye concentrations, but presented more slowly with increases in bed heights. It
was found that the highest adsorption capacity of 152.75 mg/g was obtained under the condition of inlet dye concentration of
200 mg/L, bed height of 16 cm, and flow rate of 3.5 mL/min. The adsorption data were fitted to three well-established fixed-
bed adsorption models, Adams-Bohart, Thomas, and Yoon-Nelson models with good coefficients. The results showed that

organo-corn straw can be used as an effective biosorbent for the removal of green 40 from wastewater.
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1. Introduction

Local fabric products such as hand-woven silk and hand-
woven cotton produced in many rural areas in Thailand have
received attention from many customers around the world.
Villagers earn income in addition to that from their
agricultural activities from the sale of their fabric products.
According to high product demand, villagers group
themselves into household-scale textile industries to increase
their production capacities. There are over a hundred textile
industries at the household scale in Ubon Ratchathani
province. Dyeing the fabric is an important step to make it
attractive. Organic dyes are normally used due to their bright
colors, excellent color fastness, and ease of application [1].
These dyes are highly soluble in water and do not biodegrade
well in natural stream conditions because of their high
resistance to heat, light, and structural complex.
Accumulation of organic dyes in nature causes a reduction
of the penetration of light into the water body, resulting in
polluted water which is unsightly and strong smelling.
Furthermore, many organic dyes are contaminated with toxic
heavy metals and may cause direct harm to humans and
organisms via natural streams. Treatment of colored effluent
is difficult by conventional physical, chemical, and
biological treatment methods [2]. Treatment that is cheap,
efficient, and simple is what is required.

Biosorption is an emerging technique for water treatment
that involves the binding of contaminants on the surface with
easily available biomaterials. The capacity of biosorbents
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can be enhanced by wvarious treatments [3-4].
Adsolubilization technology, which is a process to form
admiclle of surfactant on the external surface of adsorbent
for altering surface properties from hydrophilic to
organophilic, has been proven to be effective [3]. As
biosorption mainly takes place on the biomass surface,
surfactant adsolubilized on the biosorbent surface is an
effective approach for enhancing the biosorption capacity to
organic molecules including organic dyes [5]. Green 40 is an
organic dye manufactured in Thailand and its major
constituents are carbon and hydrogen which are very cheap
and available in many local markets near Ubon Ratchathani
University. It is one of the most used organic dyes in the
dyeing process in this region. This research used corn straw
in the preparation of organo-corn straw by means of
adsolubilization.

Corn is one of the major agricultural products in Thailand
and there is a plentiful, inexpensive, and renewable supply
of its straw left in the fields after the harvesting season each
year. Batch adsorption tests are usually carried out to
investigate adsorption capacity and adsorption behavior of
organic dyes on the modified biosorbent. Factors affecting
biosorption include contact times, initial pH solutions, and
initial dye concentrations. In practical uses, immobilization
of the cationic surfactant on a supporting or immobilizing
material is also tested to remove dyes from effluents [6]. The
immobilization systems provide advantages over free-form
biosorbents. These include ease of regeneration and reuse of
the biomass, easier solid-liquid separation, and minimal
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clogging of continuous flow systems [7]. Batch adsorption
taken places in a closed system containing a desired amount
of adsorbent contacting with a certain volume of adsorbate
solution, while dynamic adsorption usually occurs in an open
system where adsorbate solution continuously passes
through a column packed with adsorbent. For column
adsorption, the breakthrough curve is a very important
because it provides predominant information for the design
of a column adsorption system for practical application [8].
Factors affecting adsorption in fixed-bed column include
initial dye concentrations, bed heights and feed flow rates
[9].

The objective of this research was to study the
biosorption potential of organo-corn straw in batch tests and
fixed bed columns. In the batch tests, biosorption was
investigated as functions of contact times, initial pH
solutions, and initial dye concentrations and adsorption
isotherm and kinetic models were also conducted for data
correlation. In the fixed bed experiments, the important
design parameters such as inlet concentrations of green 40
solutions, flow rates of fluid, and column bed heights were
investigated. The breakthrough characteristics of the
biosorption of green 40 on the organo-corn straw were
analyzed using Adams-Bohart, Thomas, and Yoon-Nelson
models.

2. Material and methods
2.1. Dye solutions

The organic dye, green 40 was purchased from a local
market near Ubon Ratchathani University [10]. The IR-
spectra of green 40 dye showed that the dye contains two
categories of active functional groups which are carboxyl
and hydroxyl groups which are hydrophilic part and long
chain alkyl group which is hydrophobic part which has been
reported in previous study [11]. The dye stock solution was
prepared by dissolving accurately weighed green 40 in
distilled water to obtain 1 g/L of the dye solution. The dye
solutions studied were prepared by dilution of the dye stock
solution in accurate proportions to the desired initial
concentrations.

2.2. Preparation of organo-corn straw

Raw corn straw which was also purchased from a local
market near Ubon Ratchathani University was prepared by
washing with distilled water several times to remove dust and
other impurities. It was then dried at a temperature of 40°C
in an air circulating oven until its weight was constant. The
corn straw was crushed and shredded in a blender for about
15 min and sieved (50 mesh) to obtain a particle size below
297 um [12]. The organo-corn straw was prepared by
treating 1.0 g of the corn straw with 100 mL of 1000 mg/L
tetradecyltrimethyl ~ ammonium  bromide  surfactant
(C17H3sNBr) purchased from the Merck Chemical Company
(Germany). The cationic surfactant structure was shown in
Figure 1. Mixing took place at 200 rpm for 15 min at room
temperature using an orbital shaker. Afterwards, the organo-
corn straw particles were filtrated with GF80 filter
(Whatman, UK), washed with distilled water several times to
remove superficially retained surfactant, and dried in an oven
at 40°C until the weight was constant (approximately 48 hr).
To obtain more reproducible data, the organo-corn straw
particles were sieved (50 mesh) before its use for the
adsorption studies. Furthermore, all adsorbents were packed
in plastic bags and stored in desiccators for further use.

KKU ENGINEERING JOURNAL July — September 2015;42(3)

CI:HS Br
CH3(CHz)12CH2—N*-CHg
GCH,

Figure 1 TMDA-Br structure
2.3. Batch tests

Since the percentages of green 40 removal of the corn
straw and the organo-corn straw were 25.62% and 95.61%,
respectively, which were obtained under a condition: 100 mL
of solution volume, 200 mg/L dye solution, 0.1 g of
adsorbent, 200 rpm agitation speed, and 24 hr shaking
duration. Thus, only the organo-corn straw was used as
biosorbent for further experiments. Batch adsorption tests
were conducted as functions of contact times, initial pH
solutions, and initial dye concentrations. First, to investigate
the effect of contact times, a series of 250 mL Erlenmeyer
flasks containing 100 ml of 200 mg/L dye solution was
mixed with 0.1 g of the organo-corn straw. These flasks were
plugged with parafilm to avoid evaporation and then
horizontally shaken at 200 rpm. The samples were measured
at intervals between 5 and 360 min. Second, to investigate
the effect of initial pH solutions, 100 ml of 200 mg/L dye
solution was mixed with 0.1 g of the organo-corn straw and
placed in a 200 ml Erlenmeyer flask. The initial pH solution
was adjusted between 2.0 and 10.0 by 0.01N NaOH and/or
0.0IN HCI and then horizontally shaken at 200 rpm for 24
hours. Finally, to investigate the effect of initial dye
concentrations, 0.1 g of the organo-corn straw was loaded
into 100 ml of 50 to 250 mg/L initial dye solution and then
horizontally shaken at 200 rpm for 24 hours to achieve
equilibration (equilibrium time was obtained from the study
of contact time). All samples were measured in the
equilibrium condition. The dye concentration of all samples
was analyzed by using UV-Vis-Spectrophotometer at a
maximum absorbance wave length of 409 nm. The
experiments were carried out at a temperature of 25+1°C
without pH adjustment.

2.4. Fixed bed column experiments

Experiments in fixed bed columns (Figure 2) were then
completed as functions of initial dye concentrations, flow
rates, and bed heights. Fixed bed columns were prepared by
inserting glass wool in an end of a glass column (1.2 cm inner
diameter and 40 cm height) until 10 cm of glass wool height
was obtained and then organo-corn straw was loaded into the
other end of the glass column. The factors affecting include
initial dye concentration (50-200 mg/L), flow rate (1.4-7
mL/min) and bed height (8-24 cm) are investigated. First of
all, distillated water was pumped into the column by a
diaphragm pump to measure the water permeability and then
the dye solutions were fed into the column. The samples from
the effluents from the columns were measured every 5 min
until the effluents reached 90% of the initial dye
concentration. Breakthrough characteristics and mean liquid
flow rates were interpreted from the experimental data.

The breakthrough time (tv), breakthrough volume (Vb),
and the shape of the breakthrough curve are very important
characteristics for determining the operation and the
dynamic response of biosorption in the fixed bed columns.
The breakthrough curve shows the shape of mass transfer
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Figure 2 Column experimental set-up

zone occurring in the fixed bed columns and adsorption
capacity is usually in terms of adsorbed dye concentration
(Cad), the initial dye concentration (Co), outlet dye
concentration (Ct) or normalized concentration defined as the
ratio of outlet dye concentration to inlet dye concentration
(C/Co) as a function of time or volume of effluent for a given
bed height. The effluent volume can be calculated by
multiplying total flow rate (Q: mL/min) and total flow time
(tota: min). The total adsorbed dye quantity (maximum
column capacity) or qotal Was determined by integrating the
area under curve of the plot between Cag (mMg/L) versus t
(min) multiplied by the mean flow rate velocity (mL/min).
The area under the breakthrough curve (A) obtained by
integrating the adsorbed concentration (Cad: mg/L) versus t
(min) plot can be used to find the total adsorbed dye quantity
(maximum column capacity). The total adsorbed dye
quantity quota (mg) in the column for a given feed
concentration and flow rate is calculated as:

qtotal -

Q =ty
—— | C_,dt
1000 JO nd )

The equilibrium uptake ge (mg/g) or maximum capacity of
the column is determined by division of the total amount of
adsorbed (qrotar) per gram of adsorbent (w) at the end of total
flow time. A plot between the effluent volumes against time
was constructed. The characteristic parameters obtained
from breakthrough curves also presented in Table 1.

It was found that the plot of distillated water flow rate
versus time was linear with correlation coefficients of R> >
0.9999 showing no blocking of liquid transferred through
organo-corn straw in the column.

3. Research results and discussion
3.1. Effect of contact time

The effect of contact time on the dye uptake from the
aqueous solution is depicted in Figure 3. The adsorption
capacity of green 40 dye on the organo-corn straw rapidly
increased in the first 10 min and maintained a slower increase
until constant at 300 min (equilibrium time). The fast
adsorption rate in the initial stage comes from the fact that
there was a plentiful availability of active sites on the
external surface of admicelle coated on the organo-corn
straw surface so that dye molecules were solubilized on the
admicelle surface easily and quickly. The slower sorption
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rate in the later stage can be explained as the dye molecules
being diffused into the interior of the admicelle covering on
the adsorbent surface. To ensure equilibrium, further
experiments in the batch tests were left for 24 hours.
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Figure 3 Effect of contact time on adsorption capacity of
green 40 on organo-corn straw, Co: 200 mg/L, pH 5.0
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Figure 4 Effect of initial pH solution on the sorption of green
40 on organo-corn straw, Co: 200 mg/L, pH: 2.0 — 10.0,
Contact time: 24 hrs

3.2. Effect of initial pH solution

The adsorption capacity of green 40 on the organo-corn
straw steadily decreased with increases in the pH solution as
depicted in Figure 4. The high decrease is probably attributed
to the dissociation of functional groups in the alkali medium.
Green 40 contains three functional groups including
carboxyl, hydroxyl and long chain alkyl groups involving the
adsorption [11]. The carboxyl and hydroxyl groups of the
green 40 interacts with at the positively fixed charges of
external surface of admicelle due to electrostatic interactions
so that the increase of hydroxide ions portion causes higher
competition of conjugated bases (dissociated functional
groups) and the active sites of adsorbent. On the other hand,
the dye molecules and the conjugated bases are of different
hydrophobicity. The two hypothetical explanations could be
sufficiently given for the decrease of dye uptake at high
solution pH. The hypothetical schematic diagram which
purposed interactions between green 40 and organo-corn
straw purposed is shown in Figure 5. Therefore, the dye
adsorbed by the organo-corn straw should be highly pH
dependent. Furthermore, these results also show that green
40 can be removed from the dye-loaded adsorbent in an
alkali medium after the adsorption at low solution pH
terminated.
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Figure 5 Schematic diagram for interactions between green 40 and organo-corn straw

3.3. Kinetic studies

The kinetic data are usually fitted by well-known
established kinetic models such as the pseudo-first order
kinetic model and pseudo-second order kinetic model. The
pseudo-first order model proposed by Lagergren [13] is
expressed in the form

dqg

dt = kl(qe - qt)

@

where ge and g are the adsorption capacity (mg/g) of dye at
equilibrium and at a time t respectively, and k; is the constant
rate for pseudo-first order adsorption (L/min). After
integration and application of initial conditionqt=0att=0,
equation (2) becomes

In(Qe - qt) =In 9. — klt) (3)

The best fit to kinetic data to equation (3) revealing that the
external mass transfer through a boundary layer is the rate of
limiting step. The pseudo-second order equation proposed by
Ho [14] can be written as

da,

k2 (qe - qt)2

4
at (4)
where ki is the constant rate for pseudo-second order
adsorption (g/(mg.min)). For the initial condition gt = 0 at t
=0, the integrated form of equation (4) becomes

t_ 1.1,
e

a9 ka2

®)

The best fit to kinetic data to equation (5) indicating that the
formation of interaction between adsorbate and adsorbent on
the external surface of adsorbent is the rate of limiting step.

Table 1 Kinetic model
coefficients

parameters and correlation

Model Parameter Value

ge(exp) (mg/g) 134.32
Pseudo-first k1 (1/min) 0.0093
order model

ge(cal) (mg/g) 59.70

R? 0.8104
Pseudo-second k2 (g/(mg.min)) 0.000634
order model

ge(cal) (mg/g) 137.0

R? 0.9996

The parameters of the kinetic models are given in Table
1. The experimental adsorption capacity ge (exp) is the
highest one at equilibrium stage obtained directly from the
Fig. 3. Poor correlation of the kinetic data with the pseudo-
first order kinetic equation was observed. Normally, the
pseudo-first order equation was well fitted for the data
obtained at the initial stage of the batch experiment. A good
correlation between the kinetic data and the pseudo-second
order equation was found. The formation of hydrophobic-
hydrophobic interaction between dye molecules and the
adsorbent were found on the external surface of the
biosorbent. The hydrophobic-hydrophobic interaction is a
phenomenon in which nonpolar substances to aggregate in
aqueous solution and exclude water molecules.

This step takes the longest time compared to other steps,
also known as the rate of limiting step. The results showed
that the kinetic data were well described by the pseudo-
second order (R2 = 0.9996) indicating chemical sorption
could be involved in the adsorption process.

C

—e

1
(ke Am)

e _

de O

(6)
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3.4. Adsorption isotherms

The adsorption isotherm is the plot of adsorption capacity
versus dye concentration at the equilibrium stage.
Adsorption isotherms developed by Langmuir and
Freundlich [15] were commonly used to fit the equilibrium
data. Langmuir isotherm is related to the sorption taking
place at specific homogeneous sites within the adsorbent.
Freundlich isotherm is based on the assumption of a
heterogeneous surface with a non-uniform heat distribution
of the sorption along the surface. The linear equations of
Langmuir isotherm is shown below where gm is monolayer
capacity or limiting sorption (mg/g) and k. is Langmuir
constant (L/mg). The parameters can be evaluated from the
slope and intercept of the linear plat of Ce/qe against Ce.

The linear equation of Freundlich isotherm is
1
Ing, =Ink. +HInCe )

where kr is Freundlich characteristic constant (mg/g)(L/g)'"
and 1/n is the heterogeneity factor of adsorption. The
parameters can be obtained from the intercept and slope of
the linear plat of In ge against In Ce respectively.

The adsorption isotherms of green 40 which are a
relationship between ge and Ce are shown in Figure 6. The
adsorption capacity of the green 40 increased with
equilibrium concentration. The equilibrium data obtained
were fitted to the Langmuir and Freundlich models. The
isotherm constants and correlation coefficients for the
adsorption of green 40 on the organo-corn straw are listed in
Table 2. According to the correlation coefficients r?, it can be
seen that the system followed both the Langmuir and the
Freundlich isotherms. This suggests that the monolayer
and/or multilayer coverage on the adsorbent surface took
place.

3.5. Fixed bed column adsorptions

Figure 7 shows the effect of inlet green 40 concentrations
of 50 to 200 mg/L on the breakthrough curves in a fixed bed
with a bed height of 16 cm and a flow rate of 3.5 mL/min. It
was observed that the normalized concentration (Ci/Co)
initially increased with time t and then remained constant.
The breakthrough time of 50 mg/L initial dye concentration
was the longest compared to that of 100 mg/L and 200 mg/L
respectively. This may be because the lower inlet
concentration caused a smaller driving force so that the mass
transfer rate from the liquid phase to the solid surface was
small. Higher inlet dye concentrations have higher mass
transfer and the faster breakthrough time is because of the
faster saturation rate. This results in a shorter mass transfer
zone length [16-18]. Therefore, the faster breakthrough point
appearance was a result of increased inlet dye concentration.

Figure 8 shows the breakthrough curve of green 40
adsorption on the organo-corn straw with different bed
heights of 8, 16, and 24 cm (0.2, 0.4, and 0.6 g) and an inlet
dye concentration of 100 mg/L and a flow rate of 3.5
mL/min. The breakthrough time increased with an increase
in the bed height due to a higher bed height that gave a higher
amount of organo-corn straw and more binding sites for the
adsorption. This resulted in a broadened mass transfer zone.
Higher adsorption capacity was observed at the higher bed
height due to an increase in the surface area in the fixed bed
column.
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Figure 6 Adsorption isotherm of the sorption of green 40 on
organo-corn straw, Co: 50-200 mg/L, pH 5.0

Table 2 Isotherm constants and correlation coefficients

Model Parameter Value
Langmuir gm (Ma/g) 156.25
isotherm

kL(L/g) 15.36

r2 0.9944
Freundlich ke ((mg/g)(L/g)*™ 38.87
isotherm

n 3.46

r? 0.9879

Breakthrough curves of green 40 adsorbed on the organo-
corn straw in fixed beds at different flow rates of 1.4, 3.5,
and 7.0 mL/min were investigated with an inlet dye
concentration of 100 mg/L and bed height of 16 cm as
depicted in Figure 9. It was observed that the breakthrough
time appeared faster with increased flow rates. At a lower
flow rate, the inlet dye molecules had a longer time in contact
with the fixed bed in the column resulting in closer
equilibrium adsorption stage. At a higher flow rate, the
adsorption capacity was lower due to shorter contact time in
the column and the dye molecules leaving the fixed bed
column before reaching the equilibrium stage.

Table 3 shows not only the experimental conditions in
fixed bed columns but also the breakthrough characteristics,
total adsorption capacity (qtotar), and equilibrium dye uptake
(ge) of green 40 in the organo-corn straw under different
conditions. The breakthrough point (the position at C+/Co =
0.05) appeared faster with an increase in liquid flow rate and
initial dye concentration, but slower with an increase in bed
height. The highest of breakthrough time (t) and
breakthrough volume were 220 min and 308 mL obtained
under the conditions of an inlet dye concentration of 100
mg/L, bed height of 16 cm, and flow rate of 1.4 mL/min. The
equilibrium bed capacity (ge) was 152.75 mg/g obtained
under the conditions of 200 mg/L green 40 concentration, 16
cm bed height, and flow rate of 3.50 mL/min. It was
considered that inlet dye concentration was a main factor that
caused the adsorption to reach the nearest equilibrium stage.

It was necessary to fit the adsorption data using
established models and subsequently determine noticeable
parameters associated with two models to determine their
influence for optimization of the fixed bed adsorption
process.
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Figure 7 Effect of inlet dye concentration on breakthrough
curve of the sorption of green 40 on organo-corn straw, Flow
rate: 3.5 mL/min and Bed height: 16 cm
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Figure 8 Effect of bed height on breakthrough curve of the

sorption of green 40 on organo-corn straw, Co: 100 mg/L

and Flow rate: 3.5 mL/min

Table 3 Experimental conditions and characteristic parameters obtained from breakthrough curves and Adams-Bohart,

Thomas and Yoon-Nelson model constants

Co (mg/L) 50 100 200 100 100 100 100
Conditions Height (cm) 16 16 16 16 16 8 24
Flow rate (mL/min) | 3.5 35 35 14 7.0 35 35
Vp (ML) 273 108.5 106.5 308 189 108.5 1435
Breakthrough | t, (mL) 78 31 30 220 27 31 41
parameters Grotat (MQ) 34.30 54.74 61.10 51.44 36.00 30.02 83.53
ge (Ma/g) 85.75 136.85 152.75 128.60 90.00 150.10 139.22
Kag (L/mg.min) 0.122 0.111 0.142 0.077 0.215 0.223 0.079
Adams-Bohart
No (mg/L) 2,184 3,114 3,566 3,394 3,438 3,556 3,010
model
r? 0.7287 0.8422 0.8286 0.9078 0.7113 0.7302 0.8409
K (mL/min/mg) 0.143 0.063 0.041 0.1 0.061 0.086 0.072
Thomas model | do (Mg/g) 531 478 490 2,030 1,015 303 592
r? 0.9454 0.9752 0.9510 0.8688 0.9213 0.9485 0.9579
kyn (1/min) 0.0501 0.0222 0.0144 0.0149 0.0428 0.0150 0.0507
Yoon-Nelson
T (min) 87 155 239 420 83 199 97
model
r? 0.9439 0.9753 0.9530 0.9425 0.9195 0.9474 0.9635

In this work, three models were used namely Adams-
Bohart, Thomas, and Yoon-Nelson models for kinetic
studies in fixed bed columns. The Adams-Bohart model is
used for the description of the initial part of the breakthrough
curve. The expression is expressed as [19]:

C Z
In(C—[J: kABCOt_kAB NOE (8)

0

where Kag is the kinetic constant (L/mg.min), F is the linear
flow rate (mL/min), Z is the bed depth of column (cm), No is

the saturation concentration (mg/L), and t is time (min).
Parameters describing the characteristic operations of the
column (kas and No) were calculated using linear regression
analysis according to equation (8). From a linear plot of In
(Ci/Co) against time (t), values of kas and No were
determined from the intercept and slope of the plot (figure
not shown).

After applying the Adams-Bohart model to experimental
data, a linear relationship between In (Ci/Co) and time (t)
according to equation (8) was observed. The parameters No,
and kas were interpreted from the plot which are presented
in Table 4 together with correlation coefficients (R? >
0.7113). The values of kas decreased with increases in dye
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Figure 9 Effect of flow rate on breakthrough curve of the
sorption of green 40 on organo-corn straw, Co: 100 mg/L and
Bed height: 16 cm

concentration and flow rate, but increased with increases in
bed height. This showed that the overall kinetics system was
dominated by external mass transfer in the initial part of
adsorption in the column [20]. Although the Adams-Bohart
model provides a simple and comprehensive approach to
running and evaluating sorption-column tests, its validity is
limited to the range of conditions used.

The Thomas model is known as the bed-depth-service-
time (BDST) model [21]. The BDST approach is based on
the irreversible isotherm model by Bohart and Adams [16].
This simplified-design model ignores both the intraparticle
(solid) mass transfer resistance and the external (fluid-film)
resistance directly. This means that the rate of adsorption is
controlled by the surface reaction between the adsorbent and
the unused capacity of the adsorbent. This expression of
Thomas model for an adsorption column is given as follows:

|n[(:0_
C[

where Krh is the Thomas rate constant (mL/min/mg), qo is the
maximum adsorption capacity (mg/g), M is the total mass of
the adsorbent (), Q is volumetric flow rate (mL/min), and V
is the throughput volume (mL). Parameters describing the
characteristic operations of the column (kmh and qo) were
calculated using linear regression analysis according to
equation (9). From a linear plot of In[(C¢/Co)-1] against
volume (V), values of krn and go were determined from the
slope and intercept of the plot (figure not shown).

The kinetic coefficient kth and the adsorption capacity go
are given in Table 4. Thomas rate constant krn is dependent
on flow rate, initial dye concentration, and bed height. The
maximum adsorption capacity go decreased with an increase
in flow rate and initial dye concentration but decreased with
an increase in bed height. The results indicate that values of
krn decreased with the increases in initial dye concentrations
and flow rates and bed heights. This showed that the overall
kinetics system was dominated by the surface reaction
between the adsorbent and the unused capacity of adsorbent
in the initial part of adsorption in the column [16]. High
values of correlation coefficients (r2 > 0.8688) indicated that
the Thomas model fitted well to the experimental data.

Yoon and Nelson [22] developed a model based on the
assumption that the rate of decrease in the probability of

koM ki, C
1j= Th(go _ TEDOV (9)
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adsorption for each adsorbate molecule is proportional to the
probability of the adsorbate adsorption and the adsorbate
breakthrough on the adsorbent. The linearized Yoon-Nelson
equation regarding to a single component system is
expressed as:

C

t

where kyn (1/min) is the rate constant, t (min) is time
required for 50% green 40 breakthrough, Co (mg/L) is initial
dye concentration, Ce (mg/L) is equilibrium dye
concentration in solution, and t (min) is time. A linear plot of
In [(Co/Ci)-1] against time (t) was employed (figure not
shown) to determine values of kyn and t from the intercept
and slope of the plot.

The Yoon and Nelson model was fitted to investigate the
breakthrough behavior of green 40 on organo-corn straw. A
plot of In[(Co/Ct)-1] versus t gave a straight line with a slope
of kyn, and intercept of —tkyn. The values of kyn and 7
obtained are also listed in Table 4. The results showed that
the rate constant, kyn decreased with an increase in inlet dye
concentration, but increased with an increase in flow rate and
bed height. Also, the time required for 50% breakthrough t
decreases with an increase in bed height and liquid flow rate
but increases in initial dye concentration. High values of
correlation coefficients (r> > 0.9195) indicated that Yoon and
Nelson model fitted well to the experimental data. The
decrease of kyn with the increases in dye concentration, but
increased with the increases in bed height and flow rate. This
showed that the increase in initial dye concentration
increases the competition between adsorbate molecules for
the adsorption sites, which ultimately results in increased
uptake rate [16].

4, Conclusion

Adsolubilization of corn straw with cationic surfactant
alters the solubility of the biosorbent surface from
hydrophilic to organophilic. ~ Batch adsorption results
showed that the adsorption capacity rapidly increased in the
first 10 min and reached equilibrium within 5 h. The amount
of the dye adsorbed decreased with increases in pHo. The
adsorption isotherm followed Langmuir and Freundlich
isotherms. The kinetic data obeyed the pseudo-second order
kinetic model indicating that the forming rate of
hydrophobic-hydrophobic interactions on the biosorbent
surface was the rate of limiting step. The results of fixed bed
column experiments showed that the breakthrough point
appeared faster with increases in liquid flow rate and bed
height but were slower with increases in inlet green 40
concentrations. The highest bed capacity of 152.75 mg/g was
obtained under the conditions of 200 mg/L inlet green 40
concentration, 16 cm bed height, and 3.6 mL/min flow rate.
The column experimental data were analyzed by the Adams-
Bohart, Thomas, and Yoon-Nelson models. For green 40
adsorption, the column data were fitted well to the Thomas
and Yoon-Nelson models. The results exhibited that the
organo-corn straw is effective in the removal of green 40
from aqueous solutions.
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