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RESEARCH
NOTE

Batch Adsorption of Organic Dyes by Organo-bagasse: Carbon Content, pH
Influence, Kinetics and Isotherms

C. Umpuch*

Department of Chemical Engineering, Faculty of Engineering, UbonRatchathani University, Thailand

PAPER INFO ABSTRACT

Paper history: The affectinig factors such as carbon content, contact time, solution pH and initial dye concentration on
Recefved 08 October 2014 adsorption behavior of three organic dyes, blue2i, yellow20, and greend0 using organo-bagasse as a
Received in revised form 29 December2014 . . N e e .
Accepted 29 January 2015 biosorbent were investigated. The eorgano-bagasse was prepared by adsclubilisation wsing
tetradecylirimethyl ammonium bromide. The precursor and organo-bagasse were characterized by
elemental analysis, Brunauer-Emmett-Teller method, Fourier transform infrared spectroscopy, and
Keywords: scanning electron microscopy A number of baich tests were carried out as functions of carbon content,

Organo-bagasse
Adsolubilisation
Organic Dyes
Characterization
Adsorption

contact time, initial pH solution, and initial dye concentration, The results showed that the adsorption
capacity of greend0 was the highest, followed by yellow20 and then blue21. Adsorption of the organic
dyes increased as the carbon content in the organic dyes increased. The adsorption of the three dyes
reached equilibrium within 3.0 h and at this condition the adsorption capacities of blue2!, yellow20,
and greend0 were 130.50, 166.55 and 174.8]1 mg/g, respectively, The maximum adsorption was
obtained at pH 2.0. The kinetic data followed the pseudo-second order model indicating that the rate of
interaction on the biosorbent surface was the rate limiting step. From the above resuits, the organo-
bagasse was an effective adsorbent for the adsorption of the organic dyes.

dof: 10.5829/idosi.ife.2015.28.04a.03

1.INTRODUCTION contamination of underground water by polluted water

of undesirable color and odor. Also, long-term exposure
to these accumulated dyes can cause harm to humans,
animals, and aquatic life [1]. Therefore, it is very
important to treat such wastewater before discharge.

The treatment methods of these effluents should be
cheap, simple, fast, and highly efficient. Adsorption is a
simple separation method which is an adhesion of

Silk and cotton are famous local products of Thailand
and have been manufactured in increasing quantities
over the years. These products are handmade and
commonly produced by small groups of villagers in
rural areas. Selling these products provides income to
villagers in addition to those derived from other

agricultural activities. Synthetic dyes manufactured in
Thailand are normally used in the dyeing process of
these products because they are cheap and available in
local markets. These synthetic dyes are preferred to
natural dyes due to their bright and lasting colors, and
high resistance to heat and light. However, afier the
dyeing process, much of the synthetic dyes usually find
their way into nearby rivers and/or spaces under houses.
High amounts of accumulated synthetic dyes in nature
can cause serious environmental problems, for example,

*Corresponding Author’s Email: chakkrit u@ubu.ac. th (C. Umpuch)

solutes from liquid 1o solid surfaces by creation of a thin
layer of the adsorbate on the surface of the adsorbent [2-
8). Activated carbon derived from natural materials,
such as bagasse, rice husk, corncobs, coconut shell, and
fruit peel, is a very well-known adsorbent due to its high
surface area available for adsorption and/or chemical
reactions [9, 10]. However, activated carbon is
expensive because high energy consumption is needed
for the carbonization process and low re-utilization.
Alternative ways to modify natural materials also exist
to decrease the cost, for example, acid or base treatment,
autoclave, and adsolubilisation with surfactant [11].
This study focused on adsolubilisation in which
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surfactant is formed as admicelie on the adsorbent
surface because it is simple, cheap, and requires low
energy consumption. Adsolubilisation causes the
surface properties of adsorbents to change from
hydrophilic to hydrophobic which enhances the
adsorption capacity of the organic molecules [12-14].

Many natural materials have been selected for vse as
precursors for organc-biosorbents by means of
adsolulibisation, for example, zeolite, alumina, natural
polymers, celluloses, and clays [15, 16]. Tt has been
reported that the organo-biosorbent enhances the
adsorption capacity of organic molecules, synthetic
dyes, toxic pollutants, and petrochemical products.
Some researches showed that an increase of carbon
content on the adsorbent surface causes an increase of
the adsorption capacity for many solutes, for example,
reactive dyes, organic dyes, heavy metals, and phenol
[17-22]. On the other hand, another study showed that
an increase of carbon content caused a decrease in the
adsorption capacity of cationic dye such as methylene
blue using organo-clays as adsorbent [23]. Research in
this area has not proven conclusive or been well
documented. In response to this situation, this study
aimed to provide a better understanding of the effect of
carbon content on the adsorption capacity of an organo-
adsorbent. Bagasse is an agricultural residue that is
generated in great quantities in many Thai industries
and can be easily developed as a precursor and the
surfactant adsolubilised on the surface of the bagasse is
called ‘organo-bagasse.” Adsorption using organo-
bagasse is a cheap and simple process that could
encourage villagers to treat the colored effluent before
discharge, resulting in a reduction in water pollution. In
this work, elemental analysis, Brunauer-Emmett-Teller
(BET) method, Fourier transform infrared spectroscopy
(FTIR), and scanning electron microscopy (SEM) were
used to characterize the organo-bagasse. In addition,
there are reports that the carbon content can affect the
adsorption capacity of organo-adsorbents regarding the
organic molecules. Three organic dyes, blue2l,
yellow20, and greend0, were examined. Also, the dye
removal efficiency of organo-bagasse was determined
by single-stage batch adsorption tests including kinetic
study, adsorption isotherms, and the effect of initial pH
solution.

2. EXPERIMENTAL

2. 1. Materials Bagasse and three organic dyes,
blue2l, yellow20, and greend(, were purchased from a
local market near Ubon Ratchathani University,
Thailand. The cationic swrfactant studied was
tetradecyltrimethylammonium  bromide (C,;H;sNBr)
purchased from the Merck Chemical Company,
Germany.

The bagasse was first washed with distillated water
to remove impurities and then dried at a temperature of
40°C in an air-circulating oven until the weight was
constant. To have uniform modification and
reproducible results, the bagasse was crushed and
shredded in a blender for about 15 min and sieved to
obtain a particle size below 300 pm, designated as raw
bagasse. An amount of 1.0 g of the raw bagasse was
treated with 100 mL of 1000 mg/ C;Hs;NBr
surfactant. Agitation took place at 200 rpm for 15 min at
room temperature using an orbital shaker. Afterwards,
the organo-bagasse 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. To obtain more reproducible data, the organo-
bagasse particles were sieved (50 mesh) before use for
adsorption studies. Furthermore, all adsorbents were
packed in plastic bags and stored in desiccators for
further use. The percentages of blue21, yellow20, and
greend( removed by the organo-bagasse were higher
than those of the precursor so that only the organo-
bagasse was used as the biosorbent for the following
experiments.

The carbon, hydrogen, and nitrogen contents of
blue21, yellow2(, and green40, the raw bagasse and the
organo-bagasse were analyzed by a CHNS Analyzer
(sulfur was not examined). The specific surface areas of
the precursor and the modified adsorbent were measured
by the use of an Autornatic Surface Analyzer and N; gas
was used as the adsorbate. FTIR spectroscopic analysis
was used to determine the active functional groups of
gresnd(, blue2 1, yellow20, bagasse and organo-bagasse.
The morphological features and surface characteristics
of the biosorbents were obtained by the use of SEM.

2. 2. Experimental Methods  Batch adsorption tests
were conducted in 250 mL Erlenmeyer flasks which
contained 100 mL of the organic dye solutions. Firstly,
the effect of contact time on the dye sorption was
investigated. A series of 250 mL Erlenmeyer flasks
containing 100 mL of the dye solutions were mixed
with 0.1 g of the organo-bagasse. These flasks were
closed with parafilm to avoid evaporation and then
horizontally shaken at 200 rpm. The samples were
measured at intervals between 5 to 360 min. Secondly,
the effects of initial dye concentrations were studied. An
amount of 0.1g of the organo-bagasse 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 ensure
equilibration achived. All samples were measured at the
equilibrium condition, Finally, the effects of the initial
pH solutions on the sorption were investigated. An
amount of 100 mL solution of the organic dye of 200
mg/L and 0.1 g of the modified adsorbent was placed in
a 250 mL Erlenmeyer flask. The initial pH sclution was
adjusted between 2.0 to 10.0 by 0.01M NaOH and/or
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0.01M HCI and then horizontally shaken at 200 rpm for
24 hours. All samples of the batch experiments were
filtrated through a glass microfiber filter which had pore
size of 1.2 pm and thickness of 260 pm (Whatman, UK)
to harvest the dye loaded adsorbent. Then, the free
adsorbent solution was analyzed by a UV.Vis
spectrophotometer to determine the remaining dye
concentration. The maximum absorption wavelength of
blue2l, yellow20, and greend() were 535, 476, and 409
nm, respectively.

The equilibrium adsorption capacity (g.: mg/g) was
calculated from the expression in Equation (1):

_¥e,-¢cy
9. = g

where Cp (mg/L) is the initial dye concentration, Ce
(mg/L) the equilibrium dye concentration, V (L) the
volume of dye solution, and m (g} the amount of
adsorbent.

3. RESULTS AND DISCUSSION

3. 1. Charactersization Results The carbon,
hydrogen, and nitrogen contents of the three organic
dyes, the precursor, and the organo-bagasse were shown
in Table 1. it was found that the major constituents of
all samples were carbon which indicated those
characterized samples were of a hydrophobic nature.
The carbon content of greend( was the highest,
followed by yellow20 and then blue2l. The different
dyes had different carbon contents, so the efficiencies of
dye removal by the organo-bagasse were also different.
Thus, hydrophobic-hydrophobic interaction could be
one of interactions between the adsorbate/adsobent.

N, adsorption-desorption _isotherm of the raw
bagasse and the organc-bagasse are provided in Figure
1, The jsotherms were in accordance with the typical
type 1I isotherm as defined by International Union of
Pure and Applied Chemistry (IUPAC), showing the
non-porous structure of the two biosorbents. The
specific surface areas, analyzed by the BET method, for
the raw bagasse and the organo-bagasse were 2.37 and
2.25 m%/g, respectively; the slightly lower specific
surface area of the organo-bagasse was due to the fact
that the small internal surface area of the bagasse was
lost by hindrance of surfactant film on the external
surface of the organo-bagasse during adsclubilizaiton. It
is well docomented that adsolubisation causes a lower
specific surface area of the modified big-sorbent [24).
Furthermore, the pore volume of the precursor and the
organo-bagasse were 3.26 x 107 and 3.24 x 10 mL/g,
respectively. The results suggested that the textural
properties did not play an important role in the
adsorption.

The IR spectra of the raw bagasse and organo-
bagasse are shown in Figure 2. The spectral bands at
3,400 cm” (O-H stretching intramolecular hydrogen
bonds), 2,921-2,890 cm™ (asymmetric and symmetric —
CH; of alkyl chain), 1,727 em” (C-O stretching
vibration for acetyl and ester linkages in lignin,
hemicellulose, pectin etc.), 1,633 cm™ (associated with
the aromatic ring present in lignin and absorbed water),
1,244 cm™ (C-O out of plane strecthing due to the aryl
group in lignin) are associated with the bagasse before
the adsolubilization.

Normallly, meodification of adsorbent with cationic
surfactant  causes appearance of additional bands
around 2,900-2,800 cm™ indicating aysmmetric and
symmetric stretching vibration of —CFH, of alkyl chain
and band at about 1,600-1,200 cm™ which assigned to
vibration of trimethyl amonium quaternary group
CN(CH;);'[25]. Since in this work the amount of
Cy7H3sNBr was very small compared to those in cther
works [23-25], the two additional vibration bands
(2,900-2,800 cm™ and 1,600-1,200 cm™) could not be
observed in the IR spectra of the organo-bagasse.
Although, the IR spectra of the organo-bagasse was
mostly similar to that of the precusor, there were some
peaks of the bagasse at vibration bands of 923, 876 and
751 em™ which disappeared from the IR-spectra of
organo-bagasse. This indicates that loading C,;H;sNBr
on the surface of the bagasse caused disappearce of
some functional groups of the bagasse.

The IR spectra of the three organic dyes are shown
in Figure 3. The spectral bands at 3,300-2,500 em™ (O-
H stretching), 1,760-1690 cm™ (C=0 stretching), 1,320-
1,000 cm™ (C-O stretching) and 950-910 ¢m™ (O-H
bending) which are assigned to functional groups of
carboxylic acids were associated with the three organic
dyes. In addition, the spectral bands at 1,470-1,450 cm™
(C-H bending), 1,370-1,350 cm™ (C-H rocking) and
725-720 em™ (C-H rocking) which are assinged to alkyl
groups of alkane were also associated with the three
organic dyes. Thus, the three organic dyes contained
carboxyl group as negatively hydrophilic active site and
alkyl group as hydrophobic active site,

The morphologies of the raw bagasse and organo-
bagasse are illustrated in Figure 4a and Figure 4b,
respectively. The external surface of the raw bagasse
{Figure 4a) had a ridged profile which had several small
warts. On the other hand, the surface of the organo-
bagasse {Figure 4b) was coated by a thin smooth layer
of the cationic surfactant.

The ridged profile on the surface of the raw bagasse
was not observed. The difference between the raw
bagasse and the modified one in the morphologies
confirmed the cationic surfactant molecules adhering on
the external surface of the raw bagasse.
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Figare 4. SEM images of the raw-bagasse (a) and the organo-
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TABLE 1. Element content of organic dyes and biosorbents
[16]

Element content (%)

Sample C H N
Blue21 434 043 0.87
Yellow20 7.24 0.93 0.94
Greend0 11.15 1.47 1.04
Raw bagasse 38.86 6.66 0.54
Organo-bagasse 40.71 7.05 0.88
3. 2. Adsorption Results

3. 2. 1. Effect of Contact Time The effect of
contact time on the instantaneous adsorption capacities
of blue2l, yellow20, and greend() by the organo-bagasse
is shown in Figure 5. The dye uptakes of all organic
dyes on the organo-bagasse instantly increased in the
first 5 min and then gradually increased with time until
reaching a constant. The rapid rate in the initial stage
was probably due to the abundant availability of active
sites on the external surface of the organo-bagasse
particles, The rate gradually increased in the later stages
because of the reduction in available active sites. The
saturation of organic dye meolecules by the organo-
bagasse was addressed at the final stage. The
equilibrinm time required for the adsorption of the
biue21, yellow20, and greend( was approximately 3.0
hours. To ensure equilibrium, the agitation in the later
adsorption experiments was run for 24 hours. The
results showed that the adsorption capacity of greend0
was the highest, followed by yeliow20 and then blue21.
in general, adsorption of the organic dyes increased as
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the carbon content increased (Table 1). High carbon
content can be a driving force for the retention of
organic dyes.

3. 2, 2. Effect of pH The uptakes of the three
organic dyes decreased with increase in the initial
solution pH as depicted in Figure 6. The decrease in
adsorption capacities of the blue2l, yellow20, and
greend( were probably attributed to two hyphothetical
explainations. First, the three organic dyes contain
carboxyl groups which could bind with trimethyl
amonium quaternary group on the external surfacce of
the admicelle. Thus, one of the interactions between
three organic dyes and organo-bagasse could be
electrastatic interaction. At acidic medium, there are
many protons in the solution which did not inhibit the
adsorption. On the other hand, in alkali medium there
are many hydroxide ions which can competitively bind
with positive amine group on the external surface of the
admicelle. Second, the three organic dyes also had alkyl
group which is a hydrophobic part. This alkyl group can
bind with the long chain alkyl group in the interior of
admiclle by hydrophobic-hydrophobic interaction. The
adsorption depends on the solution plH; because, the
dyes and the conjugated bases are of different
hydrophobicity [26]. Therefore, the viration of amount
of protons and hydroxyl ions in the solution affected the
adsorption capacities of the dyes onto the organo-
bagasse. The amount of blue21, yellow20, and greend0
portioned to the organo-bagasse should be pH
dependent.

200

180

160 " myp227 b 4 4
.. l4ao {42
B 120 jma - * - @ o - -
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Figure 5. Effect of contact time on the organic dyes
adsorption onto the organo-bagasse.
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Figure 6. Effect of initial pH on the organic dyes adsorption
onto the organo-bagasse.

3. 2. 3. Adsorption Kinetics To predict the
sorption mechanisms, the kinetic data are usually fitted
by the kinetic models such as pseudo-first order,
pseudo-second order, and intra-particle diffusion
models. The pseudo-first order model, proposed by
Lagergren [27], is expressed in linear form as:

In{q. -q)=1Inlq. -kt 3

where g, and q; are the adsorption capacity (mg/g) of
dye at equilibrium and at time ¢, respectively, and &; is
the rate constant for pseudo-first order adsorption
{l/min).

The pseudo second order equation proposed by Ho [28]
can be written in linear form as:

et
9. k9l 4., &)

where k; is the rate constant for pseudo-second order
adsorption (g/(mg.min)),

The infra-particle diffusion equation [29] is expressed
as:

=kt +C 1)

where k; is the intra-particle diffusion rate constant
(mg*min”*/g) and C is the intercept.

The best fit of kinetic data to Equation (2) reveals
that the external mass transfer through a boundary layer
is the rate limiting step, The best fit of kinetic data to
Equation (3} indicates that the forming of interaction
between the adsorbate and adsorbent on the external
surface of adsorbent is the rate limiting step. The best fit
of kinetic data to Equation (4) shows that the adsorbate
diffusion into the interior of adsorbent is the rate
limiting step.

The fitting parameters of the three kinetic models
and the correlation coefficients are given in Table 2.
Poor correlations of the kinetic data with the pseudo-
first order kinetic and intra-particle diffusion models
were observed. Normally, the psendo-first order
equation was well fitted for the data obtained at the
initial stage of the batch experiment. On the other hand,
the kinetic data were well described by the pseudo-
second order equation (7°>0.9917) indicating that the
formation rate of adsorbate/adsorbent interaction on the
external surface of the organc-bagasse was the rate
limiting step. The chemical sorption could involved this
sorption process. Furthermore, the calculated adsorption
capacities (q.} of greend0, yellow20, and blue21 listed
from the Table 2 are according to those observed in
sections 3.2.1 and 3.2.2.

3. 2. 4. Determination of Adsorption Isotherm
The adsorption isotherms of the three organic dyes
which are plots of g, versus C, are shown in Figure 7.
The adsorption capacity initially increased and then
reached a constant. The adsorption isotherms developed
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by Langmuir and Freundlich {30] were commonty used
to fit the equilibrium data. The Langmuir isotherm is
related to the sorption occurring at  specific
homogeneons sites within the adsorbent. The 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 in Equation (5) and Freundlich isotherm in
Equation (7} are shown below:

C [ 1

qe _a KLqm (5)

whire g, is the monolayer capacity or limiting sorption
(mg/g) and K, is the Langmuir constant (L/mg). The
parameters can be evalvated from the slope and
intercept of the linear plot of C/q. against C, The
essential characteristics of the Langmuir isotherm can
be expressed by means of 'Ry’ a dimensionless constant
referred to as the separation factor or equilibrium
parameter [31]. The R; is defined as:

S S
S+ K, C) (6)

L

This parameter suggests the type of isotherm to be
irreversible (R = 0), favorable (0<Rp<l), linear (R, =
1), or unfavorable (Rg>1). As can be seen from Table 1,
at all temperatures the Ry values were between 0 and
1.0, indicating that the adsorption of yellow20 onto the
organo-bagasse was favorable.

in(g.) = In( K¢ ) + -(C,) ™

where Kr is the Freundlich characteristic constant
(mg/g)(L/g)"™ and I/n is the heterogencity factor of
adsorption. The parameters were obtained from the
intercept and slope of In g. versus ln C, of the linear
plot, respectively.

Furthermore, the adsorption isotherms developed by
Temkin and Dubinin-Radushkevich [30] were also used
to fit the equilibrium data. The Temkin isotherm model
[32] assumes that the adsorption energy decreases
linearly with the surface coverage due to adsorbent-
adsorbate interactions. The linear form of Temkin
isotherm model is given by the equation:

g.= R—:—-ln K;+ %In c. 8)
where b is the Temkin constant related to the heat of
sorption (J/ mol), R is the universal gas constant, §.314
Jimol.K, Tis the temperature (K), and Kris the Temkin
isotherm constant {(L/g) (33].

The Dubinin-Radushkevich {D-R) [34] equation is a
semi-empirical equation where adsorption follows a
pore-filling mechanism. It assumes that the adsorption
has a mulitilayer character, involves van der Waals
forces, and is applicable for physical adsorption

processes. The linear form of D-R isotherm model is
expressed as;

In{gq)y=1(q)- g’ ®

where gs is the maximum amount of adsorbate that can
be adsorbed on adsorbent (mgfg), B is the constant
related to free energy, and £ is the Polanyi potential
which is defined as:

1
£ =RT In[1+ E,—] (10)

The mean free energy (E)} of the adsorption per
molecule of adsorbate can be calculated using the
following equation:

1
Tapm v

The equilibrium data obtained were fitted to the
Langmuir, Freundlich, Temkin, and D-R isotherm
equations. The isotherm constants and correlation
coefficients are listed in Table 3. Of the four adsorption
isotherms, the experimental data was best fitted to the
Freundlich isotherm model by consideration of the
correlation coefficients, r°, which was the closest to 1.0.

The high correlation of the Langmuir isotherm
model was observed (r>0.9891). The maximum
monalayer coverages {gmy) of blue2l, yellow20, and
greend() were determined to be 250, 178.57, and 163.93
mg/g, respectively.

TABLE 2. Pscudo-first order, pseudo-second order, and intra-
particle diffusion parameters

Value

Modet Parameter
Blue2l  Yellow2d Greend0

gefexp) (mg/gy  136.50 166,55 174.81

Pseudo-first ki {1/min) 0.015 0.031 0.020
ordermodel  oalymgig) 8890 126.46 70.94
IS 0.9043 0.9830 0.8944
Pseudo- k(g/mg.min))  3.93x10%  s92x107  232x10*
sccondorder g realy (mgfg) 136.99 172.41 178.57
model
s 09917 0.9988 0.9996
Intra-particle ki
diffusion (me/(g.min'?) 5.88 728 5.81
model C{mg/g) 40.20 62.74 92.84
P 0.8648 0.7451 0.5867
250
200 - *
B 150 Am = ™ -
| =] F
F 100 . - -~
s * Blue2l
s0 a - ellowzo
o A GroondO
O 150

S0 gLy 100
Figure 7. Adsorption isotherm of organic dyes onto the
organo-bagasse.
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Figure 8. Relationship between adsorption capacities of
organic dyes and carbon content in the organic dyes.

TABLE 3. Isotherm constants and correlation coefficients

Model Parameter Value
Blue2 1 Yellow20  Greend(

Langmuir gm(mg/g) 250 178.57 163.93
isotherm K.(L'p) 00811 0233 0.0256

Ry L97x10%  9.60x10°  9.53x107

s 0.9964 0.9956 0.9891
Freundlich Kr  (mg" 3590 50.89 12.36
isotherm lin 1 Vere

N 224 313 2.02

I 0.9325 0.6566 0.9958
Temkin Kr(L/g) 0.84 0.223 0.247
isotherm b(kWmol) 4623 78.90 67.97

I 0.9878 0.7613 0.9883
Dubinin- q:(mg/g) 179.65 162.96 103.54

Radushkevich £ imol) 38808 58321 150.76
isotherm
s 09175 0.9586 0.8622

The separation factor (Ry) was greater than 0 but less
than 1.0, indicating highly favorable sorption for the
three organic dyes by the studied organo-biosorbent.
The monolayer capacity of blue2l was the highest,
folowed by yellow20 and then greend0.These results
are not consistent with those g, which were observed in
sections 3.2.1, 3.2.2, and 3.2.3, and this may be due to
the not perfectly fitting of the experimental data to the
Langmuir medel. The deviation of the experimental data
from the model may provide the insufficient well-fitting
parareters.

The Freundlich isotherm described the isotherm data
with high-correlation coefficients for blue2i and
green4( but a low one was observed for yellow20. This
suggested that the multilayer coverage on the adsorbent
surface might also took place. The value of constant n
was greater than unity, meaning that the repulsive forces
between the adsorbate/adsorbate were involved in the
system, This implied that the interaction between
adsobate/adsorbent was stronger than adsorbate/
adsorbate repulsion [35]. Furthermore, the linear plot for
the Temkin adsorption isotherm, which considers

chemisorption of an adsorbate onto the adsorbent [36],
fitted well with a high correlation coefficient (Table 3).
This further supported the findings that the adsorption
of the organic dyes onto the organo-bagasse was a
chemisorption process. The slope and intercept of plot
of In g, versus & were used to calculate the D-R
isotherm parameters f and ge The gs value was
consistent with the maximum adsorption capacity (gy
value previously mentioned. The magnitude of the
correlation coefficients for the D-R isotherm was as
good as that of the Temkin isotherm model (Table 3).
This suggested that the organic dyes adsorption by the
organc-bagasse particles involved both chemical and
physical processes.

3. 3. 3. Correlation of Carbon Content and
Adsorption Capacity The modification of bagasse
with a cationic surfactant altered the surface properties
of the precursor from hydrophilicity to hydrophobicity.
Furthermore, the modification caused a decrease in BET
surface area, formation of the trimethyl amonium
quaternary group and long chain alkyl group, and a
change in morphology in the modified adsorbent. The
adsorption of the biue2l, yellow20, and greendQ
reached the equilibrium within 180 min. The adsorption
capacity of green40 was highest, followed by yellow20
and then blue21.

Adsorption of the organic dyes increased as the
carbon content increased (Figure 8), indicating that high
carbon content can be a driving force for the retention of
organic dyes. The kinetic data conformed to the pseudo-
second order equation and the formation rate of
adsorbate/adsorbent interaction was the rate limiting
step. The sorption of blue21, yellow20, and greend0 on
the organo-bagasse depended on the initial solution pH.
The adsorption isotherm followed the Langmuir,
Frundlich, Temkin, and D-R isotherm equations
showing that the blue2l, yellow20, and greend0
molecules formed a monolayer on the adsorbent surface,
From the above results, the carbon content could be one
of the affecting factors which can influence the
adsorption behavior of three organic dyes on the
organc-bagasse.

4. CONCLUSION

The cationic surfactant adsolubilised on bagasse caused
a presence of admicelle which is organophilic on the
external surface of the precusor enhancing adsorption
capcity to organic dyes. The characterization results
shows that the modification cuased a lowering in
specific surface area, addition of new functional groups
such as trimethyl amonium quaternary group, and long
chain alkyl group and an appearance of thin surfactant
layer on the external surface of the organo-bagasse. The
three organic dyes uptakes rapidly increased in the first
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5 min and achived equibration at 180 min. The organo-
bagasse sorbs organic dyes effectively in acidic solution
{pH 2.0} and sorption of organic dyes is strongly pH
dependent. The sorption process is well described by
Langmuir, Frundlich, Temkin, and D-R equations, The
kinetics study demonstrated that the adsorption kinetics
foliowed pseudo-second order kinetic model. The
adsorption capacities of organic dyes followed the order
of greend0>yellow20>blue2] which was attributed to
their differences in carbon content. The adsorbed
amount of organic dyes increased with increasing in
carbon content indicating that carbon content can play
an ‘tmportant role on the adsorption of organic dyes.
From the above results, the organo-bagasse was an
effective adsorbent for the removal of the organic dyes
from synthetic effluents.
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