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Separation Characteristics of Reactive Orange
Dye from Agueous Solution Using Biosorbent
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Biosorption is a process that utilizes biological materials
as adsorbents, and this method has been studied by several
researchers as an alternative technique to conventional
methods for heavy metals and dyes removal from wastewater
[6]-[9].

The binding mechanisms of dyes by biosorption could
be explained by the physical and chemical interactions
between cell wall ligands and adsorbates by ion exchange,
complexation, coordination and microprecipitation. The
diffusion of the dye from the bulk solution to active sites of
biosorbents occurs predominantly by passive transport
mechanisms [10] and various functional groups such as
carboxyl, hydroxyl, amino and phosphate existing on the cell
wall of biosorbents can bind the dyes [11]. Living or dead
biomass can be used to remove dyes but maintaining a living
biomass during dye biosorption is difficult because it requires
a continuous supply of nutrients and toxicity of metal for
microorganism might take place. On the other hand, the use
of dead biomass can avoid these problems and the used cells
can be easily regenerated [12].

In this work, the waste brewery yeast was obtained from
a fermentation process of a brewery plant, and the
biosorption of reactive orange (RO 16) was studied in terms
of initial pH, and temperature. Biosorption equilibria and
kinetics over the temperature range of 288 K — 308 K were
studied experimentally and theoretically.

Abstract— Adsorption characteristics of reactive orange dye
using dead cells of brewery yeast obtained from a beer brewery
was studied. The adsorption equilibrium capacity of reactive
orange dye onto the biomass increased with decreasing initial
pH and with increasing temperature of the solution. Adsorption
equilibrium of the reactive orange dye onto the biomass could
be represented by the Langmuir equation. The internal
diffusion coefficients were determined by comparing the
experimental concentration curves with those predicted from
the surface diffusion model and the pore diffusion model. And
the experimental data can be described using the pore diffusion
model.

Index Terms— adsorption, biomass, brewery yeast, dye,
reactive orange

I. INTRODUCTION

Dye pollutants from the textile industry are important
source of environment contamination. They pose serious
environmental problems because of their color, low
biochemical oxygen demand (BOD) and high chemical
oxygen demand (COD). Vinyl sulfone and chlorotriazine
dyes constitute the largest and most important class of
commercial dyes in wastewater. These dyes can be used for
cotton, silk, wool, rayon, paper and wood but not for
synthetic fibers. They are mostly non-biodegradable and
resistant to destruction by conventional wastewater
treatments [1]. Recent studies indicated that toxic and 1.

refractory organic compounds including dyes in wastewater A. Preparation of biosorbent and test solution
can be destroyed by the most advanced biosorption processes

MATERIALS AND METHODS

(AOPs) [2]-[5].
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The biomass, collected from a brewery plant, was
washed several times with distilled water, and then dried in a
vacuum drying oven at 353 K for 48 h. The dried biomass
was grounded with a mortar and pestle. The particles were
separated using the US standard testing sieve (No. 100  No.
200) and stored in a sealed bottle with a silica gel to prevent
readsorption of moisture.

One well-known dye classification system of
internationally used is the Colour Index, devised by the
Society of Dyes and Colourists in 1924. This classifies dyes
by assigning a generic name, firstly, determined from its
application characteristics, and then assigning a CI
constitution number based on its chemical structure if known.
Dyes can be classified by their chemical structure or
application method. In this study, the dye investigated is
Polazol Orange and whose CI number is reactive orange 16
(RO 186).
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B. Biosorption equilibrium

The reactive orange (RO 16, Aldrich Chemical Co.) was
dissolved in deionized water to the required concentration.
The pH of dye solutions were adjusted to 3, 7 and 10 using
HCl or NaOH, respectively. For adsorption equilibrium
experiments, the biosorbent (0 - 0.7 g) and the dye solution
(200 cm?) were placed in a 300 cm? flask and then shaken for
2 days in a shaking incubator. The dye concentration of the
solutions was analyzed using UV-VIS spectrometer
(UV-1601, Shimadzu) at wavelength of 598 nm. The amount

of adsorption at equilibrium, (, (mol/kg), was obtained as
follows:

qe = 10 — G VoW @)

Here g is the equilibrium amount adsorbed on the biomass
(mol/kg), G; and L. are the initial and equilibrium solution
concentrations (mol/m?), respectively, V is the volume of the
solutions (m®) and W is the weight of the biomass used (kg)

C. Biosorption kinetics

Batch adsorption experiments were conducted in a
Carberry-type batch adsorber. The effect of biomass
concentration on the biosorption was studied experimentally
by contacting various amounts of biosorbent with 1 L of the
solution. The temperature of the mixture was kept at 298 K
and the experiments were carried out at approximately 400
rpm, since the film mass transfer coefficient, ks, is practically
constant at this condition. The samples were withdrawn at
pre-determined time intervals, centrifuged and then analyzed
for residual reactive dye concentration.

Ill. RESULTS AND DISCUSSION

A. Characterization of biomass

The functional groups on the surface of the biomass
were analyzed using FT-IR spectrophotometer (300E,
JASCO, Japan) and Bohem method. Infrared spectroscopy
was used to analyze the functional groups in the biomass, and
Fig. 1 shows the main frequency and functional groups of the
biomass. Volesky and Niu [13] reported that the involvement
of amino groups in Bacillus subtilis and Penicidlium
chrysogenum cell walls by for the gold-cyanide binding.
Tobin and Roux [14] suggested the possible contribution of
amine groups of Mucor cell wall in removal of chromium
from tanning effluent. Ashkenazy et al. [15] reported the
involvement of nagatively charged -COOH groups of the
yeast biomass in Pb biosorption through FT-IR spectroscopic
analysis. The role of carboxyl groups of cell wall of alginate
in Sargassum fluitans and the involvement of complexation
mechanism were reported for the biosorption of heavy metal
[16]. Amide 1~3 were observed by Guibal et al. for fungi
Aspergillus, Penicillium and Mucor [17].

The FT-IR spectra were obtained for the biomass
particles of this study before and after adsorption
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Fig. 1. FT-IR spectra of the biomass before and after
adsorption of reactive dye.

experiments. As shown in Fig. 1, the peak observed at 3418
cm’ result from the NH, asymmetric stretch mode of amines.
The peak observed at 3418 cm™ is slightly broad and seems to
be indicative of both amine and bonded OH groups. The peak
observed at 2924 cm™ is indicative of the C-H groups. The
peak present at 1646 cm™ is from CO stretching mode
conjugated to a NH deformation mode and is indicative of
amine 1 band. The peak present at 1558 cm™ indicates the
presence of amide 2 and results from NH deformation mode
conjugated to C=N deformation mode. The peak at 1377 cm™
indicates the presence of an amide 3 or sulfamide band. The
presence of a phosphate groups is indicated by the presence
of a weak band in the range 950~990 cm™.

Fig. 1 also shows the peaks of IR spectra of the
biosorbent which is saturated with reactive orange dye. The
peaks were substantially lower than those in the raw
biosorbent. This change of peaks can be interpreted as the
result of weakened bond structure of the biomass due to the
reaction between reactive dye and functional groups. From
these results, the functional groups which might be involved
in the biosorption of reactive dye metals include phosphate,
carboxyl, amine and amide groups.

Table 1. Physical properties of the biomass.

Properties Values
Particle size(mm) 0.075 ~0.150
BET surface area(m?/g) 13.15
Average pore radius(A) 30.32
Total pore volume(cm®/g) 0.0098
Particle density(kg/m®) 418.61
Porosity(%) 66.62
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The physical properties of biosorbent used in this study
are measured (Autosorb-1, Quantachrome Co., USA) and
listed in Table 1. The particle size is 0.075 ~ 0.150 mm in
diameter, and the specific surface area of the biosorbent
(13.15 m?/g) is much smaller than the activated carbon (696 ~
1,950 m?/g), but it is larger than that of a biosorbent, A. niger
(0.23 m%g) [18]. The average pore radius was 30.32 A,

B. Adsorption Equilibrium

Adsorption isotherms are very important for the design
of an adsorption-based process design. Isotherm models of
the Langmuir and the Freundlich [19],[20] were fitted to
describe the equilibrium adsorption. These equations of
isotherms were given below:

Langmuir isotherm, g = ﬁ%ﬁl )
B

where C, is the supernatant concentration at the equilibrium

state of the system (mol/m®), k. is the Langmuir affinity
constant (m*mol), and g, is the maximum adsorption
capacity of the material (mol/kg) assuming a monolayer of
adsorbate uptaken by the adsorbent.

Freundlich isotherm, = lrEC:"k” 3)

where kg is the Freundlich constant related with adsorption
capacity (mol/kg)(mol/m®)¥" and n is the Freundlich
exponent (dimensionless).

The effect of pH may be an important factor on the
dye-binding capacity of the biomass. The biosorption
capacities of the reactive dye on various pH values at 100
mg/l of initial dye concentration and the results are presented
in Fig. 2. As can be seen in this figure, the biosorption
capacity increased with decreasing pH. At low pH, the
function groups in the biomass are much easier to be
cationized and they adsorb the dye anions strongly by
electrostatic attraction.
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Fig. 2. Adsorption equilibrium isotherm of RO 16 onto
biomass at different initial pHs (298K)

ISBN: 978-988-98671-0-2

Proceedings of the World Congress on Engineering and Computer Science 2008
WCECS 2008, October 22 - 24, 2008, San Francisco, USA

At lower pH values the biomass will have a net positive
charge. It is expected that nitrogen containing functional
groups such as amines or imadazoles in the biomass will also
be protonated at acidic pH values. Higher uptakes obtained
at lower pH values may be due to the electrostatic attractions
between these negatively charged dye anions and positively
charged cell surface. Hydrogen ion also acts as a bridging
ligand between the alga cell wall and the dye molecule. The
reduction in adsorption capacity of dyes on alga with
increasing pH can be attributed to change in surface
characteristics and charge. As the pH of the system increases,
the number of negatively charged sites increases and the
number of positively charged sites decreases. A negatively
charged surface site on the sorbent does not favour the
adsorption of dye anions due to the electrostatic repulsion. It
seems very difficult to explain the adsorption mechanisms
with respect to pH due to a large number of variables
involved in the sorption of dye anions by the biomass and
the complexity of the surface and water chemistry.

In this study, two isotherm models, the Langmuir and
Freundlich were wused to correlate our experimental
equilibrium data. The Langmuir and Freundlich equations
have two parameters. To find the parameters for each
adsorption isotherm, the linear least square method and the
pattern search algorithm (NMEAD) were used. The value of
the mean percentage error has been used as a test criterion for
the fit of the correlations. The mean percent deviation
between experimental and predicted values was obtained
using equation 4.

ervor (%) =22 I | |—L'“H‘;‘:‘”"|] (4)

where g, k is each value of g predicted by the fitted model
and Qexp,  is each value of g measured experimentally, and N
is the number of experiments performed.

The parameters and the average percent differences
between measured and calculated values for RO 16 onto the
biomass are given in Table 2. As shown in the Table, the
Langmuir equation gives the best fit of our data.

Table 2. Adsorption equilibrium constants of RO 16 onto the
biomass at different pHs (298.15 K)

Isotherm pH
Parameters
type 3 7 10

Gm 0.87 0.02 0.02

Langmuir b 6.17 12.63 23.84
error(%) 2.08 261 210

k 2.60 004 003

Freundlich n 1.18 2.14 3.09
error(%) 3.11 203 288
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Fig. 3. Adsorption equilibrium isotherm of RO 16 onto
biomass at different temperature (pH : 3)

Fig. 3 shows the adsorption capacity of the RO 16 onto
the biomass at different temperature. The adsorption amounts
of RO 16 onto the biomass decreased with increasing
temperature of the solution. Compared to Figs. 1 and 2, the
pH effect on the adsorption capacity of the RO 16 onto the
biomass was greater than that of temperature. This suggests
that the effective separation could be achieved by the
adjustment of pH rather than temperature. Adsorption
equilibrium constants of RO 16 onto the biomass at different
temperature are given in Table 3. From Tables 2 and 3, we
believe that the Langmuir equation is suitable for predicting
single-component adsorption of the RO 16 onto the biomass.

Table 3. Adsorption equilibrium constants of RO 16 onto the
biomass at different temperature (pH : 3)

Isotherm Darameters Temperature
type 288K 298K 308K
Gm 0.60 0.87 0.16
Langmuir P 13.52 617 872
error(%) 2.92 208 184
k 2.39 260 054
Freundlich " 131 1.18 1.25
error(%) 3.31 311 252

C. Batch Adsorption

For the modeling of the adsorption kinetics, one has to
pay attention to two problems : ( ) the pore structure of
adsorbents and ( ) the mass transfer resistance involved in
the adsorption. The adsorption on a solid surface takes place
in several steps, such as external diffusion, internal diffusion,
and actual adsorption. In general, actual adsorption process is
relatively fast compared to the previous two steps.
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Intraparticle diffusion has been usually considered as the
rate-controlling step in liquid-phase adsorption. However, it
is important to estimate the order of magnitude of the mass
transfer coefficient. There are several correlations for
estimating the film mass transfer coefficient, k;, in a batch
system. In this work, we estimated k; from the initiation
concentration decay curve when the diffusion resistance does
not prevail. The transfer rate of any species to the external

surface of the adsorbent, N ,, can be expressed by
Ny = ke lC =G0 (5)
where N, is rate of mass transfer of adsobate to the external
surface of the biomass (mol/s). k¢ is film mass transfer
coefficient (m/sec). 4, is surface area of the adsorbent

particles, ( m?)
By rearrangement and approximation for a batch system
with adsorption time of less than 300 seconds [21].

n(S) = —kestiV, ®)

where V; is the volume of solution (m®) and As is the effective
external surface area of adsorbent particles,

3 = MfpgRy (7)

where M is total mass of sorbent particle (kg). p and Ry are

particle density (kg/m®) and particle radius (m), respectively.

The values of k; for RO 16 onto the biomass obtained
from the slope in Fig. 4 are 1.05 x 10™* m/s (for 0.5 g), 0.15 x
10" m/s (for 1.0 g), and 0.11 x 10* m/s (for 2.0 g),
respectively.
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Fig. 4. Concentration-time plot for the determination of k¢
(298 K, pH 3.0).
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The coefficients of determination between measurement
and calculation from the slope are 0.97, 0.98, and 0.96,
respectively.
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Fig. 5. Concentration decay corves of RO 16 onto
biomass at different dosage (pH : 3, 298 K)

Fig. 5 shows the experimental data and model
prediction for the adsorption of the RO 16 onto the biomass
in a batch adsorber. The initial adsorption rate of RO 16 onto
the biomass increased with increasing dosage of the
biosorbent. In this study, the pore diffusion coefficient, Dy,
and surface diffusion coefficient, D, are estimated by pore
diffusion model (PDM) and surface diffusion model (SDM)
[22], [23]. And pore diffusion model is well predicted of our

experimental data. The estimated values of K, , Dy, and Ds

for the RO 16 onto the biomass in a batch adsorber are listed
in Table 4.

Table 4. Kinetic parameters of the RO 16 in a batch reactor

(pH : 3,298 K).
Adsorbate 005208 KeX 10° Dy x210‘10 D, x210'13
[o] [m/s] [m%s] [m%s]
05 4.91 2.91 3.14
RO 16 1 0.39 6.36 0.29
2 1.27 5.73 0.02

IV. CONCLUSION

(1) The Freundlich and Langmuir isotherm models are used

for the mathematical description of the biosorption
equilibrium of the dye. The adsorption equilibrium data was
well described by Langmuir model.
(2) The adsorption capacity of RO 16 onto the biomass
increased with decreasing initial pH and temperature. pH
effect was greater than that of temperature on the adsorption
capacity of reaction dye onto biomass.
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(3) The mass transfer resistances of reactive dye were
investigated by employing pore diffusion model (PDM) and
surface diffusion model (SDM). The experimental data can
be described using the pore diffusion model.

(4) The peaks of FT-IR spectra for the biosorbent used for
reactive orange adsorption were substantially lower than that
for the raw biosorbent. This change of peaks can be
interpreted as the result of weakened bond structure of the
biomass due to the reaction between reactive dye and
functional groups of biomass.
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