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Abstract

Adsorption techniques are widely used to remove certain classes of pollutants from
waters, especially those that are not easily biodegradable. Dyes represent one of the
problematic groups. The removal of methyl green from waste water using bamboo
was studied in batch and continuous system. In batch system equilibrium time and
adsorption isotherm was studied at different concentrations (5, 10, 15, 20, 25 and 30
ppm) and 50 mg weight of adsorbent.
Langmuir and Freundlich equations were applied for adsorption isotherm data.
Langmiur equation was fitted better than Freundlich equation (R“=0.984 for Langmuir
equation).The maximum percentage dye removal obtained 79.4% and adsorption
capacity was 15.5 mg/g. For continuous system the breakthrough curve was studied at
different bed depths (1, 2 and 4 cm), different concentrations (5 and 10 ppm), and
different flow rates (5 and 10 ml/min).
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Introduction

The waste water disposed by textile
industries is causing major hazards to
the environment and drinking water
due to presence of large number of
contaminants  like acids, bases,
toxic,organic, inorganic,dissolved
solids and colour.In effect,the
discharge of contaminents such as
dyes in the environment is worring for
both toxicological and esthetical
reasons as damage the qualityof the
receiving streams and is toxic to food
chain organisms.These colored
compounds are not only aestheyically
displeasing but also inhibiting sunlight
into the stream and reducing the
photosynthesis reaction.Since many
organic dyes are harmful to human
beings,the removal of colourfrom

process or waste effluents becomes
environmentally important [1].

Various physical and chemical
methods have been employed for the
removal of such colored effluent from
water.These include coagulation [2],
reverseosmosis [3], photo-degradation
[4], electrochemical oxidation [5],
ozonation [6] and adsorption, etc.
Adsorption is ,however,more popular
among all these methods because of its
low cost ,simple design, easy operation
and the possibility of adsorbent
recycling [7]. Most commercial
systems currently use activated carbon
as sorbent to remove dyes in
wastewater,which is an expensive
material.

Adsorption of dyes on various
materials have been extensively
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investigated,and activated carbon has
proved the most effective because of
its high specific surface area,high
adsorption capacity and low selectivity
for both ionic and non ionic dyes [8].

Recently, in order to decrease the
cost of treatment,attempts have been
made to find inexpensive alternative
adsorbents. Many non —conventional
low-cost adsorbents,including natural
materials, biosorbents, and waste
materials  from industry  and
agriculture,have been proposed by
several workers. These materials could
be used as sorbents for the removal of
dyes from solution. Some of the
reported  sorbents include clay
materials [9], zeolites [11], siliceous
material [10] agricultural wastes [12],
industrial  waste  products  [13],
biosorbents [14] and other [15].

The aim of this work is to evaluate
the adsorption capacity of bamboo in
removing methyl green from aqueous
solutions in batch and continuous
system.In batch system study the effect
of equilibrium time, initial
concentration and adsorption isotherm.
For continuous adsorption study the
breakthrough curve at different bed
depth,initial concentration and
flowrate.

Expermental
1. Adsorbate

Methyl green dye was used
simulated waste water as adsorbate,the
chemical formula CysH33NsCl,
molecular weight = 458.5g/mol, Amax
=203 nm (measured by UV), the
chemical structure of Methyl green is
shown as in figure 1.
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Fig. 1, Chemical structure of Methyl green dye
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Stock solution (100ppm) was prepared
by dissolving a certain amount of
methyl green (0.1 gram) in distilled
water (1 liter), and then dilutes the
stock solution to give the appropriate
concentrations.

2. Adsorbent

The main constituents of bamboo
culms are holocellulose (60-70%),
pentosans (20-25%), hemicellulose and
lignin (each amounted to about 20-
30%) and minor constituents like
resins, tannins, waxes and inorganic
salts [16]. The moisture content of
bamboo 50-60% depending on the
felling season, area of growth and
species.

Ash content (1-3%). Bulk density was
measured 0.231g/ml. Surface area was
calculated 79.652 m?/g.

Bamboo was used as adsorbent
because of its high abundance,
availability and can be obtained from
the river. The adsorbent washing with
distilled water, grinding with mill,
sieving with 200um, then washing and
drying in oven at temperature 45 °C for
2 hours.

3. Experimental Procedure
3.1. Batch System

Bamboo was washed in distilled
water repeatedly until cleaned then
filtered with filter paper. Batch
experiments were carried out in a
shaker using 6 flasks containing 50 ml
of dye solution at different initial
concentration (5, 10, 15, 20, 25 and 30
ppm). The adsorbent (50 mg) was
added to each flask and closed it .The
shaker was operating at 100 rpm and
withdrawal the sample after different
intervals time then separating the
adsorbent from the solution by
centrifuge device then dye
concentration was measured by UV.
The wave length was measured at Amax
=203 nm.
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The adsorption capacity of dyes
(mg/g), (qt), on bamboo was calculated
from the mass balance equation as
follows:

v

Gt=(co—Ce) 3, ..(D)

where Cy and C, are the initial and
equilibrium  concentrations of dye
solution (mg/L), respectively; V the
volume of dye solution (L); and W the
mass of bamboo (g).

The percentage of dye removal (%DR)
was calculated as follows:

DR% = 100 * (C, — Ce)/co ..(2)

3.2. Continuous System

A fixed bed column used with 10 cm
high and 2 cm inner diameter. Bamboo
was placed inside the fixed bed column
at different bed depth (1, 2 and 4 cm)
respectively then the column washed
with distilled water to rid from
impurities and air bubbles. The
solution was pumped at different flow
rate into the fixed bed column at
different concentrations then the
sample was measured by UV device
before the experiment and at different
intervals time as illustrated in figure 2.
These experiments were carried out at
room temp. 298K.

—

1 2
b
Fig. 2, Experimental rig of continuous
adsorption: 1-feed tank, 2-pump, 3-valve, 4-
flowmeter, 5-fixed bed column, 6-sample test,
7-drain
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Results and Discussion
1. Batch System

1.1. Effect of Initial Concentration
and Time

The uptake of MG onto bamboo as a

function of dye concentration is shown
in Figure 3. It can be seen that the
amount of MG adsorbed per unit mass
of adsorbent increased with increasing
dye concentration, although percentage
dye removal decreased with increase in
initial dye concentration.
This may be attributed to an increase in
the driving force of the concentration
gradient with the increase in the initial
dye concentration [17].

As shown in figure 3, when the
adsorption  time  increases, the
adsorption  capacity of bamboo
increases significantly in the first 120
min due to rapid attachment of dye to
the surface of the adsorbent, and keeps
increasing  gradually  until  the
equilibrium is reached and remains
constants [18]. The amount of
adsorbed dyes did not show significant
change after 140 min, these results are
agree with gregorio Crini [18].

80.00
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40.00 —

%DR
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—&— C=15ppm
—¥— C=30ppm

20.00 —

0.00 T T T T T T T T

0.00 40.00 80.00 120.00 160.00 200.00
t(min)

Fig. 3, Effect of initial dye concentration and
time on adsorption

1.2. Adsorption Isotherm

Isotherms studies have described the
adsorption ~ mechanisms,  surface
properties and the affinity of adsorbent
towards  adsorbate [19]. The
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distribution of adsorption molecule
between the adsorbate (liquid phase)
and the adsorbent (solid phase) is
constant at equilibrium due to the
amount of adsorbate being adsorbed is
equal to the amount of adsorbate being
desorbed from the adsorbent [20].
Thus, it is important to fit the
adsorption experimental data into an
appropriate isotherm model. Therefore,
Langmuir and Freundlich isotherms
were used to evaluate the relationship
between the amount of dye adsorbed at
equilibrium (adsorption capacity) and
the concentrations of dye (5, 10, 15,
20, 25 and 30 ppm) at equilibrium
state.as shown in figures 4, 5, 6.

The Langmuir isotherm is represented
as follow:

Ce 1 1

+1c, ..(3)

de  doKL qo

where qo (mg/g) is the maximum
amount of the dyes per unit weight of
adsorbent to form a complete
monolayer on the surface bound and
KL (L/mg) is a constant related to the
affinity of the binding sites [21]. The
Langmuir constants go and KL were
determined from the slope and
intercept of the plot and their values
are listed in table 1.

The Freundlich expression is based on
an exponential relationship and is
generally applicable to a heterogeneous
surface energy distribution. The
equation is shown:

logq, = logKr + %log(]e ...(4)

Where Kg and 1/n are the Freundlich
constants related to adsorption capacity
and adsorption intensity. The plot of
log ge versus log Ce gives straight
lines with slope, 1/n and intercept, Kk,
respectively.

From figures 5, 6 and table 1 it is
observed that the experimental data of
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MG adsorption was followed by
Langmuir isotherm with correlation
coefficient 0.984. The monolayer
adsorption capacity for the adsorption
of MG was found to be 20.41 mg/g.
The value of 1/n was in between 0.1
and 1.0 confirmed the heterogeneity of
the adsorbent, indicating that the
bonding of MG and bamboo is strong
[22].

Table 1, Regression Parameters of adsorption

isotherm

Model Constants

gm=20.41
mg/g

K.=0.213 0.984
L/mg

Kg=126.5

Freundlich mg/g 0.9004

1/n=0.84

R-Squared

Langmuir

16.00

12.00 —

ge(mg/g)
®
8
|

0.00
I I I

0.00 4.00 8.00 12.00 16.00
Ce(ppm)

Fig. 4, Adsorption isotherm of experimental
data
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Fig. 5, Langmuir model of adsorption isotherm
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Fig. 6, Freundlich model of adsorption
isotherm

2. Continuous System
2.1. Effect of Bed Depth

The adsorption of methyl green in
the packed bed column is largely
dependent on the bed depth, which is
directly proportional to the quantity of
bamboo in the column. the effect of
bed depth was studied at concentration
10 ppm, flow rate 5ml/min and 298K.
from figure 7 we noticed that when the
bed depth increased the breakthrough
time was increased. The mass transfer
zone in a fixed bed travels from the
entrance of the bed and progresses
towards the exit.Hence, for the same
influent MG concentration and fixed
bed conditions,an increase in the bed
depth results in alonger distance for the
mass transfer zone to reach the exit and
therefore an increase in the
breakthrough time [23]. These results
are similar to Tan [24] and Min-Yu
[25].

1.00

0.80 —

0.60 —

CICi
I

0.40 —
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t(min)

Fig. 7, Effect of bed depth on breakthrough
curve
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2.2. Effect of Initial Dye
Concentration

The effect of initial dye
concentration on the adsorption
process with 10 and 20 ppm at a
constant flow rate 5 mL/min and fixed
bed depth 4cm is shown in Figure 8. It
can be deduced that, at a lower inlet
concentrations, a slower breakthrough
curve and the highest treated volume
are obtained. The breakthrough point
for 10 ppm and 20 ppm of MG inlet
concentrations occurred after 60 min
and 15 min respectively. The slow
transport of dyes onto adsorbent due to
the lower concentration gradient and
resulted in a slower breakthrough
curve [26], conversely, a higher
Concentration of MG has been shown
lead to a higher driving force of MG to
overcome the mass transfer resistance
in the liquid phase. Consequently, the
time required to reach saturation
decreased with increasing the inlet
solute concentration. These results are
similar to Tan [24] and Min-Yu [25].

1.00 o

—=— C=10ppm
—&— C=20ppm

CICi

I
0.00 100.00 200.00 300.00
t(min)

Fig. 8, Effect of initial concentration on
breakthrough curve

2.3. Effect of Flow Rate

The effect of flow rate on adsorption
was studied at different flow rate 5 and
10 ml/min at constant concentration
10ppm, bed depth 4cm. From Figure 9
it is observed that at higher flow rate,
the rate of reaching the breakthrough
time is faster whereas in lower flow
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rate the rate of reaching the
breakthrough time is slower. This is
due to the residence time distribution
of influent concentration to the
adsorbent is greater in lower flow rate
[27, 26].

1.00

C/Ci
I

0.00 100.00 200.00 300.00
t(min)

Fig. 9, Effect of flow rate on breakthrough
curve

Conclusions

Bamboo shows a good adsorbent for
removal methyl green from waste
water. In batch system the maximum
percentage dye removal reached
t079.4% and adsorption capacity was
15.5 mg/g. It's found that adsorption
was highly dependent on initial dye
concentration, contact time (the
adsorption capacity increasing with
increase concentration and contact
time). Adsorption isotherm was studied
with langmuir and Freundlich models.
The experimental data was fitted well
with lagmuir model (R?=0.984). For
continuous system the breakthrough
curve analysis reveals that the slower
breakthrough time reached for lesser
initial concentration, slower flow rate,
and higher bed depth.

Nomenclature

DR% =percentage dye removal
MG=methyl green

Co = initial concentration of dye
solution (mg/L)

Ce= equilibrium concentration of dye
solution (mg/L)
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g: =amount of dye adsorbed on bamboo
at time t (mg/Q)

ge= amount of dye adsorbed on
bamboo at (mg/g) equilibrium
C=effluent concentration at time t
(mg/L)

Ci= initial concentration of dye
solution (mg/L)
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