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Abstract This research work involved the use of the low
cost, available and renewable biosorbent propionic acid
pretreated bagasse for the removal of the textile direct yellow
12 and direct red 81 dyes from aqueous solutions. Batch
experiments were carried out for sorption kinetics and
isotherms of the two dyes. The studied operating variables
include initial pH, contact time, initial dye concentration,
adsorbent dose and particle size. Maximum color removal
was in acidic medium (pH 2.5-3.5) where a greater
percentage removal was observed in this pH range.
Equilibrium isotherms were applied using Langmuir and
Freundlich models of adsorption and it was found that the
Langmuir isotherm was the best model for adsorption of
direct yellow 12 whereas the Freundlich model was suitable
for adsorption of the direct red 81. The kinetics of adsorption
of both dyes was consistent with a pseudo-first order kinetic
for the direct yellow 12 and a pseudo-second order for the
direct red 81. Desorption of both dyes is greatly dependent
on the pH value of the solution with which the bagasse
loaded dye in contact. The percent dye removal increases
with the pH increase.

Keywords Sugarcane Bagasse, Direct Red 81, Direct
Yellow 12, Ph, Desorption, Kinetics

1. Introduction

Color is the first contaminant to be recognized in the
industrial wastewater and the presence of even small
amounts of dyes in water is highly visible and undesirable [1,
2]. Owing to the low biodegradation of dyes, the
conventional biological treatment process is not very
effective in dye removal from wastewater. A number of
physical or chemical processes were applied for dye

treatment. These include coagulation and chemical oxidation,

membrane separation process, electrochemical and reverse
osmosis. However, all these methods include limitations

and are useful for complete removal of dye from wastewater,
but unfortunately these processes are very expensive [3].

Currently, there is a growing interest in using low cost
sorbents for dye removal. These are agricultural waste
products like sawdust [4], wheat straw [5], coir pith [6],
sugar cane bagasse [7,8] and others. Some of these materials
were chemically modified for improving their adsorption
capacity [9,10].

Direct dyes are characterized with their high conjugated
molecular structure and they contain one or more anionic
sulphate groups which aid in solubility of the dye molecule
in water. Many papers were concerned with the investigation
of the removal of direct dyes adoapting various biosorbents
[11-13].

The present study deals with the use of propionic acid
treated bagasse as a low cost and efficient biosorbent for the
removal of direct yellow 12 (I) and direct red 81 (II) (Fig. (1))
from aqueous solutions and optimizing the various
parameters influencing the sorption capacity of this
biosorbent.
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Figure 1. Chemical structure of direct yellow 12 (I) and direct red 81 (II)
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2. Materials and Methods

2.1. Preparation of Propionic Acid Pretreated Bagasse

Sugarcane bagasse supplied from Egyptian sugar
company and integrated industries was repeatedly washed
with distilled water in order to remove dust and soluble
impurities. It was dried overnight at 60°C before crushing,
shredding and seaving with different particle size range of
(0.25-1 mm). The propionic acid modified bagasse was
prepared by mixing 5 wt. % acid with raw bagasse and then
dried in an oven at 60°C overnight. The chemicals used
throughout this work were of analytical grades. All
measurements were performed using a pH-meter model
number JENWAY-3450. The initial pH values were adjusted
with 0.1M of HCI or NaOH. Concentration of dye solutions
was determined using a thermofisher scientific aquamate
evolution 166 UV-Visible spectrophotometer.

2.2. Adsorption and Kinetic Studies

The experiments on the two dyes were conducted in 100
mL Erlenmeyer flasks containing 50 mL of the dye solution
of known concentration and one gram of the adsorbent at the
appropriate pH and agitated by a mechanical shaker at room
temperature. After a definite time interval, the solution was
filtered and the filtrate thus obtained was analyzed
spectrophotometrically by measuring the absorbance at A,
of each dye. All the experiments were duplicated and the
mean values were reported. The maximum deviation
observed was less than +5 %. In the adsorption kinetic
experiments samples were taken to measure the dye removal
at predetermined time intervals. The amount of dye
biosorbed per unit mass was calculated using the following
equation:

q=(Co-Co)*V/IW (M

where q is the amount of adsorbed dye (mg/g), C, and C, are
the initial and equilibrium concentration, respectively. V is
the volume of the solution (mL) and W is the amount of the
biosorbent (g).

3. Results and Discussion

3.1. Effect of Initial pH

The effect of pH is an important factor to control the
adsorption of dye onto the adsorbent. Dyes exist in an ionic
form in aqueous solutions. So, the degree of their adsorption
on the adsorbent surface is influenced by the charge on the

adsorbent, which in turn is affected by solution pH. From Fig.

(2), it can be concluded that the maximum biosorption of
direct yellow 12 and direct red 81 occurs at pH= 3.2 and
pH=2.5, respectively. It is suggested that at lower pH, the
biosorbent surface is positively charged and thus an

electrostatic attraction develops between the positively
charged bagasse and the negatively charged anionic direct
dye [14]. It is worth noting here that, the direct red 81 dye is
strongly affected by the change of pH than that of direct
yellow 12. Moreover, the higher removal of direct red 81 ata
lower pH value may be attributed to the presence of active
sites on the treated bagasse which are accessible for direct
red 81 dye adsorption than for direct yellow 12.
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Figure 2. Variation of % dye removal with pH for direct yellow 12 and direct
red 81.

3.2. Effect of Contact Time

The contact time between biosorbent and the dye
signifies the efficiency of the biosorbent. The effect of
contact time is presented in Fig. (3). The uptake of both
dyes was rapid in the first 20 minutes and after 75 minutes
the amounts of both dyes were almost constant. The two
curves of contact time were single, smooth and continuous
until reaching saturation, suggesting possible monolayer
coverage of both dyes on the surface of modified bagasse
[15].The first rapid uptake can be rationalized as a rapid
attachment of both dyes to the biosorbent surface or due to
the large number of vacant sites available at the initial
stage.

3.3. Effect of Initial Dye Concentration

The effect of the initial direct yellow 12 and direct red 81
concentrations on the adsorption capacity (mg/g) was
studied and the results are depicted in Fig. (4). From these
curves one can notice that as the initial concentration of
both dyes increases, the adsorption capacity increases. This
behavior suggests that available sites on the biosorbent are
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the limiting factor for the dye removal [16].
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Figure 3. Variation of % dye removal with contact time for direct yellow

12 and direct red 81.
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Figure 4. Variation of sorption capacity as a function of dye concentration

for direct yellow 12 and direct red 81.

3.4. Effect of Adsorbent Dosage

The effect of pretreated bagasse dosage on the removal of
direct yellow 12 and direct red 81 was studied and
presented in Fig. (5). The figure reveals an increase of the
percentage removal of the dye as the amount of bagasse was
varied from 0.2-2 g. This may be attributed to the increase
in the availability of surface active sites with the dose

increase.
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Figure 5. Variation of %dye removal with bagasse weight for direct
yellow 12 and direct red 81.
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Figure 6. Variation of % dye removal with particle size of treated bagasse
for direct yellow 12 and direct red 81.

3.5. Effect of Particle Size

Adsorption of direct yellow 12 and direct red 81 on four
sized particles, namely 0.25, 0.5, 0.75 and 1 mm of treated

bagasse was studied. The results are shown in Fig. (6). The

figure indicates that as the particle size increases the

percentage of dye removal decreases. Decrease in particle

size leads to an increase of available active sites on the
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surface of the biosorbent and consequently an increase in the
adsorption process at the outer surface of bagasse.
Furthermore, the diffusional resistance to mass transfer
increases as the particle size increases. For this reason and
for other reasons such as diffusional path length, contact time
and blocked parts of the particles not available for
adsorption , the adsorption capacity of the large particles
becomes low [17].

3.6. Adsorption Isotherm

The adsorption isotherms are based on the assumption
that every adsorption site is equivalent. The parameters
deduced from the different isotherms provide valuable
information regarding the adsorption mechanism as well as
the surface properties and characteristics of the adsorbent.
Langmuir and Freundlich models are two acceptable
models for studying such single state systems.

Freundlich isotherm
Freundlich isotherm is expressed as follows:

ge =KF Cel/n 2)

where qe (mg/g) is the amount of dye adsorbed at
equilibrium, Ce (mg/L) is the equilibrium liquid- phase
concentration of the dye and KF is a constant related to the
bonding energy and adsorption capacity. 1/n indicates the
adsorption intensity of dye onto the adsorbent and the type
of isotherm can be irreversible (1/n=0), favorable (0 < 1/n
<1) and unfavorable (I/n >1). Equation (2) can be
arranged to a linear form:

log ge= log KF+ (1/n) log Ce 3)
Langmuir isotherm
The Langmiur equation is expressed as follows:
ge=aQm Ce/ (1+a Ce) 4)

where ge and Ce are defined as in the Freundlich equation,

Qm is the maximum adsorption capacity and “a” is the
Langmiur constant. Its linear form is expressed as:
Ce/qe = (1/a Qm) + (Ce/ Qm ) (5)

The Qm and a values can be obtained from the slope
( 1/Qm ) and the intercept ( 1/a Qm ) of the linear plot
Ce/qe versus Ce.

Freundlich and Langmuir linear isotherms are presented for
direct yellow 12 and direct red 81, respectively, in Fig. 7
(a&b). The coefficient isotherm parameters for both dyes

are cited in Table 1.

The correlation coefficients appearing in Table 1 show the
efficiency of the propionic acid modified bagasse towards
removal of both direct dyes. The data in Table 1 reveal that
the Freundlich isotherm is suitable as a model for the direct
yellow 12 adsorption whereas the Langmuir isotherm proved
to be the best fit model for direct red 81.
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Figure 7. Linear plots of the Freundlich isotherm for direct yellow 12 (a)
and the Langmuir isotherm for direct red 81 (b).

Table 1. Freundlich and Langmuir parameters for direct yellow 12 and direct red 81 removal.

Freundlich Langmuir
Dye 2 2
R Kr n R a Qn
Direct yellow 12 0.9754 0.025 0.7443 - - -
Direct red 81 - - - 0.9989 0.0923 51.44
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Figure 8. pseudo-first order plot for direct yellow 12 (a) and
pseudo-second order plot for direct red 81 (b).

3.7. Adsorption Kinetic Study

The experimental data were tested with pseudo-first order
and pseudo-second order kinetic models in order to
understand the kinetics of the two dyes removal by the
pretreated propionic bagasse. Pseudo-first order (equation 6)
and pseudo-second order (equation 7) rate equations are
expressed as follows:

log (qe-qt)=log qe - klt/2.303 (6)

t/qt = 1/h +t/qe (7

where qge is the amount of dye sorbed at equilibrium (mg/

g) ,qt is the amount of dye sorbed at time t (mg/g), kl is the

rate constant of the pseudo-first order kinetic (min-1), h

(k2qge2) is the initial adsorption rate (mg/ g min) and k2 is

the rate constant of pseudo-second order kinetics (mg/g
min).

and

The straight lines obtained for the two dyes are presented
in Figure 8 (a&b). These figures indicate the applicability of
the above two equations. It is apparent from the two figures
that the kinetics of direct yellow 12 obey the pseudo-first
order kinetic model whereas direct red 81 follows that of
pseudo-second order one. The values of k1l and k2 were
calculated from the slope and intercept of the respective
linear plot and are recorded in Table 2.

Table 2. Pseudo first order and second order parameters for direct yellow
12 and direct red 81 removal.

Dye R? K, (min™") Ky(mgg 'min™)
Direct yellow | "9.9982 | 0.0494 -
Direct red 81 0.9981 - 0.0071

3.8. Intra-particle Diffusion Study

An empirical function relationship was formulated by
Weber-Morris [18] which is common to most adsorption
processes with the uptake varies almost proportionally with
t1/2 as the following equation:

qt=Kidtl2+C ®)
where Kid is the intra-particle diffusion rate constant, qt
(mg g-1) is the amount of dye adsorbed at time t (min). A
plot of qt versus t1/2 should be a straight line with a slope
Kid and intercept C .Values of intercept give an idea about
the thickness of the boundary layer, i.e., the larger the
intercept the greater the boundary layer effect [19].
Fig. 9 (a&b) shows a plot of the amount of adsorbed direct
yellow 12 and direct red 81 (qt) vs. t1/2. The two graphs
revealed that ech dye displays two separate regions with
two intersecting straight lines. When the line passes through
the origin(C= 0), this means that the intra-particle diffusion
is the only rate controlling step. That the line does not pass
through the origin indicate that other processes may control
the sorption rate [20]. The first straight portion of the graph
is attributed to the macropore diffusion while the second
linear portion is correlated with the micropore diffusion. It
is also clear from Fig. (9) that the first stage is faster than
the second one, which may be ascribed to the very slow
diffusion of the dye from the surface film into the
micropores which represent the least accessible sites for
adsorption.

3.9. Desorption Studies

Desorption studies are important in exploring the
mechanism of adsorption and the possibility of dye and
sorbent recovery. Therefore, desorption experiments were
performed on samples of direct yellow 12 and direct red 81
loaded bagasse by gentle washing with water to remove the
unadsorbed dye, then the samples were agitated with
distilled water adjusted to different pH values. The desorbed
dye was then separated and estimated. The percent
desorption increases with the increase in medium pH which
is just the opposite to the pH effect (Fig. 10 (a&b)).
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Figure 9. Intra-particle diffusion model representation (a) direct yellow 12 and (b) direct red 81.

20 -
Direct yellow 12 hd
| —#— Direct red 81
60 4
50

Desorption (%)
B 8
' -l

Figure 10. Desorption study for direct yellow 12 and direct red 81

It is important to mention here from the results depicted in Fig. (10) that the recovery of treated bagasse contaminated with
direct red 81 is possible in basic medium. On the other hand the recovery of bagasse contaminated with direct yellow 12
seems to be difficult. This is may account to the strong bond formed between the dye and the biosorbent.

However, comparison of the propionic acid pretreated bagasse with other biosorbents for direct dyes removal revealed that
it can be considered as a promising biomaterial for the removal of this class of dyes and Table 2 contains a comparison
between the Freundlich and Langmuir parameters of this work and those of other biosorbents.

Comparison between our sorbent and other sorbents for direct dyes removal is listed in Table (3).

Table 3. Comparison of adsorption isotherm characteristic between propionic acid pretreated bagasse and other sorbents for direct dye removal

. Freundlich
Sorbent Dye Langmuir (Q,,) Reference
n KF
Banana pith Direct red 5.92 - - 21
Dead fungus
Aspergillus Congo red 14.72 - - 22
AC orange Direct blue 86 33.78 - - 14
Peel
Waste banana
pith (Congo red) - 1.46 1.20 23
Wollestonite - 1.82 1.21 24
. Direct yellow12 - 0.74 0.025 -
This work ;
Direct red 81 51.44 - - -
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4. Conclusion

Based on the above findings and arguments, it is to be
concluded that propionic acid pretreated bagasse could be
employed as an effective and inexpensive sorbent for the
removal of direct dyes. But in fact this sorbent possesses a
more significant efficiency on the removal of direct red 81
than that of direct yellow 12.
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