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Abstract
Native banana pith (NBP) was modified by using nitrilotriacetic acid to increase its efficiency and adsorption capacity

for methylene blue (MB) dye. The effect of various parameters such as pH, contact time, initial dye concentrations and

adsorbent dosage were studied. Equilibrium data could be fitted into Langmuir isotherm and the maximum adsorption

capacity of the NBP and NTA-BP is 100 and 142.86 mg/g, respectively. The IR spectrum of NBP and NTA-BP showed

the presence of both carboxyl and hydroxyl groups. From the SEM micrographs, the surface morphology of NTA-BP

before adsorption appeared to be smoother as compared to that after adsorption process. The pHpzc of NBP is 5.6 whe-

reas for NTA-BP is 7.6. The experimental data fitted well into Langmuir isotherm with R2 of 0.992. Plackett-Burman

design was applied to identify the significant factors in affecting the uptake whereas the interaction between the factors

and their optimum levels for the maximum percentage uptake of MB were determined using response surface methodo-

logy (RSM). Based on the results, the optimum condition for adsorption of MB was by using 0.06 g of NTA-BP in dye

solution at pH 6 with 120 minutes contact time. The maximum adsorption of MB by NTA-BP achieved 99.42% under

the optimum condition. 
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1. Introduction

Nowadays, dyes are heavily consumed in various in-
dustries and there are more than 100,000 commercial dyes
with a rough estimated production of 7 × 105 to
1 × 106 tons per year.1–3 The source of wastewaters that
contain dyes are mainly come from textile industries and
followed by paper, plastic and cosmetic industries. Howe-
ver, it is known that 10 to 15% of the used dyes enter the
ecosystem through wastes.4,5. Methylene Blue (MB) dye is
commonly used in silk fabric, hemp, stained paper dyeing
and wood coloring. It is a cationic dye that dissociates in-
to a positively charged component and chloride ion when
dissolve in aqueous medium. However, this type of basic
dye is generally more toxic than other classes of dyes.6

Therefore, the removal of MB from industrial effluents is
of utmost importance and can be considered as a challen-
ging problem in the control of environmental pollution as

dyes are generally stable to light, oxidizing agent, and are
resistant to aerobic digestion. Besides, close study of the
dyes has revealed that carcinogenicity is linked to specific
types of dye intermediates or metabolites, such as benzi-
dines.

Conventionally, the removal of dyes is achieved eit-
her through one or combination of the following methods,
biological, chemical and physical treatment. Biological
treatment is the most economical among the treatment
choices but this method requires a large land area and it is
a relatively slow process.7 As for the physical and chemi-
cal methods, these techniques usually involve expensive
instrument or chemical reagent, and often resulted in high
sludge production which in turn creates a handling and
disposal problem.8 In view of the limitations and prob-
lems associated with the conventional treatment methods
mentioned above, research has therefore been intensified
on the utilization and development of low cost materials
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as the potential low cost adsorbents for dye removal.9–11

Table 1 shows the maximum adsorption capacity for
Methylene Blue by using different types of low-cost mate-
rials. The utilization of agricultural by products such as
banana pith is of great significance as banana is a widely
grown tropical fruits which contributes roughly 16% of
whole fruit production in the world.17 The present project
aims to modify banana pith with nitrilotriacetic acid to en-
hance its usefulness and effectiveness for MB removal. 

For any adsorption process, there are many important
parameters to be considered, such as, pH, initial dye con-
centration, agitation rate, temperature, contact time and
sorbent dosage. The conventional method of investigating
a process is by varying one factor while all other factors in-
volved are maintained at constant levels. This is not only
time consuming, but also inadequate to describe the com-
bined effect of all the factors involved. Therefore, in this
research, study will be extended to include the experimen-
tal design involving Plackett Burman and response surface
methodology (RSM). Plackett-Burman design composed
of a specific fraction 2P factorial design, where the levels
of the factors are denoted by +1 (if the factor is at high le-
vel) and –1 (if the factor is at low level). Plackett-Burman
design is a useful screening tool and it determines the most
important variables for further optimization.18 As for RSM,
it can be used to determine the optimum operational condi-
tions of the system or to determine a region that satisfies
the operational specifications.19 The applications of such
experimental design have also been reported by several
authors.20–24 It is hope that the incorporation of statistical
experimental design in this study can be used to overcome
the limitations of a classical method and optimised all the
affecting parameters collectively. 

2. Materials and Methods

2. 1. Adsorbent
The banana pith (BP) was collected from a residen-

tial area in Kampar, Perak and was cut into small pieces
and washed several times with tap water before rinsing
with distilled water. Then, it was dried at 60 °C for 48

hours in oven. The dried BP was ground to pass through a
1 mm sieve and labeled as natural banana pith (NBP). The
modification with nitrilotriacetic acid was carried out by
treating 5 g of NBP with 35 mL of 1.2 M nitrilotriacetic
acid trisodium salt monohydrate,25 NTA (chemical formu-
la = C6 H6 NO6 · 3Na, Sigma-Aldrich Pte. Ltd). The trea-
ted banana pith was filtered and washed with excess water
until neutral before subjected to drying process at 60 oC.
The modified material was labeled as NTA-BP.

2. 2. Adsorbates

Synthetic dye solution of MB (chemical formula =
C16 H18 Cl N3 S, λmax = 664 nm, molecular weight = 373.90
g/mol, C.I. = 52015) from Sigma-Aldrich Pte. Ltd was used
as adsorbate in this study. Standard dye solution of 1000
mg/L was prepared as stock solution and was diluted accor-
dingly with distilled water to prepare working solution. 

2. 3. Instrumental and Characterization
Analysis
The functional groups of NTA-BP before and after ad-

sorption were determined using Perkin Elmer FTIR, Spec-
trum RX1 at the wavenumber range of 400–4000 cm–1. The
sample disk was prepared by mixing the dried sorbent with
the KBR. The mixture was then ground and compressed in-
to a pellet before it was analyzed to obtain the spectrum. The
surface morphology of the sorbent was studied using field
emission scanning electron microscopy (FESEM) which is
operated at emission current of 3.0 kV with working distan-
ce of 4.6 mm – JEOL FESEM JSM 6701F. The samples we-
re placed on a stub and coated with a thin layer of gold to
prevent the occurrence of charging effect. 

2. 4. Batch Study

All the batch experiments were carried out in dupli-
cate and the results given are the averages. Adsorption ex-
periments were performed by agitating 0.02 g of adsor-
bent in 20 ml of dye solution in a centrifuge tube at 150
rpm on an orbital shaker for 4 hours at room temperature

Table 1. Comparison of maximum adsorption capacity for Methylene Blue by various low cost adsorbents

Adsorbent Maximum adsorption capacity (mg/g) Reference
Activated carbon Ficus Carica bast 47.62 [9]
developed from 

biomass:

Salix Psammophila 501.27 [12]
Lantana camara stem 19.84 [13]
Bamboo 454.2 [14]

Spent mushroom substrate 63.5 [15]
Ground palm kernel coat 

Nitrilotriacetic acid modified banana pith 277.77 [16]
142.86 Current work
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(25 ± 2 °C) unless otherwise stated. Control without ad-
sorbent were simultaneously carried out to demonstrate
dye uptake was due to adsorbent and not the wall of the
centrifuge tube. At the end of the adsorption process, the
mixtures were centrifuged at 3000 rpm phase separation.
The supernatant was analyzed for its dye concentration
using GENESYS 10S single beam UV-Vis spectrophoto-
meter. All the measurements were made at at the wave-
length corresponding to maximum absorption, λmax = 664
nm. Dilutions were carried out when the measurement ex-
ceeded the linearity of the calibration curve.

The percentage uptake of MB was calculated by the
following equation:

(1)

where Co and Ce (mg/L) are the initial and equilibrium li-
quid phase concentration of MB, respectively.

2. 4. 1. Effect of pH

MB solutions were prepared in concentration of 100
mg/L with initial pH ranging from 2–10 by addition of va-
rious molarities of hydrochloric acid, HCl and sodium
hydroxide, NaOH drop wise. 

2. 4. 2. Effect of Initial dye Concentrations 
and Contact Time

To study the effect of initial dye concentrations and
contact time, MB solutions with the concentration of 100,
150 and 200 mg/L were prepared. The samples were with-
drawn and analyzed for their dye concentrations at prede-
termined intervals, which are 0.5, 1, 3, 5, 10, 15, 30, 60,
90, 120, 180 and 240 minutes. 

2. 4. 3. Sorption Isotherm

Sorption isotherms were obtained by varying the
concentration of MB solutions from 100 to 200 mg/L.
Then, 0.02 g of adsorbent was added into 20 mL of the
dye solutions and agitated for 6 hours at 150 rpm. 

2. 4. 4. Adsorbent Dosage

The effect of adsorbent dosage was obtained by
changing the amount of adsorbent added into the dye so-
lutions from 0.01 g to 0.06 g.

2. 5. Plackett-Burman Design

Plackett-Burman design was carried out to study the
effect of different variables that affect the uptake of dye.
The reason for choosing Plackett Burman is because it
enables the experimenters to study a large number of fac-

tors with a significantly reduced number of experiment
runs. Due to this reason, PB is often used as a screening
tool to identify statistically significant main effects for a
large group of experimental factors.18 In this analysis, 4
parameters (contact time, initial dye concentration, adsor-
bent dosage, pH) were studied in combination of different
experimental conditions generated by Design Expert Ver-
sion 7.1.3 software. The statistical analysis of the data was
carried out using the same software. 

2. 6. Response Surface Methodology (RSM)

The important parameters which affect the percenta-
ge uptake of MB were further studied using Response Sur-
face Methodology (RSM) approach. By using central com-
posite design (CCD), the optimum condition for MB remo-
val and the interaction between the variables can be deter-
mined. In the analysis, the parameters studied are contact ti-
me, adsorbent dosage and pH. Duplications were perfor-
med on each experiment and the response is the mean va-
lues. Design Expert Version 7.1.3 was used to generate sta-
tistical analysis of the data and all the experimental design.

3. Results and Discussion

3. 1. Instrumental Analysis

3. 1. 1. Fourier Transform Infrared Spectroscopy
(FTIR)

Figure 1 shows the infrared spectra of NTA-BP be-
fore and after adsorption of MB. The adsorption bands va-
lues were compared with those characteristics group ab-
sorptions in IR region. It was found that these absorption
peaks agreed well with those reported values.26 According
to the previous findings by Gupta et al., (2011), banana
pseudo-stem fibers are rich in cellulose, hemicelluloses
and lignin.27 Biomass that contains components of cellu-
lose, hemicelluloses and lignin will consist of different
oxygen-containing functional groups such as alkene, es-
ter, aromatic, ketone and alcohol.28 The IR spectrum of
NTA-BP showed the presence of carboxyl and hydroxyl
groups. These two functional groups are responsible for
the uptake of MB dye due to the negatively charged sites
after deprotonation. In aqueous solution, MB dye molecu-
le will dissociate into positively charged component that
can be adsorbed by the negatively charged sites. Similarly,
banana peel which contains same negatively charge func-
tional groups, carbonyl and hydroxyl groups were repor-
ted to be responsible for the uptake of basic dye.29 Howe-
ver, the FTIR spectra of NTA-BP before and after adsorp-
tion of MB are very similar to each other. This could be
due to the limitations in the sensitivity of the instrument.
Besides, adsorption itself is a surface chemistry process
and therefore, the functional groups that present before
and after the process can resemble each other.
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3. 1. 2. Surface Characterization
The FESEM micrographs of NTA-BP before and

after adsorption are shown in Figures 2(a) and 2(b), res-
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pectively. The surface texture of NTA-BP after adsorp-
tion appeared to be rougher as compared to that before
adsorption. This might imply that the surface of the
NTA-BP has been covered with dye molecules. From
the micrographs, it can also be noticed that the investi-
gated adsorbent is a non-porous material due to the ab-
sence of cavities and pores.

3. 1. 3. Esterification of Carboxylic 
Groups

The carboxyl groups in NTA-BP were esterified
using acidic methanol method to study the role of
carboxyl groups in the adsorption process of MB. If
the binding of the dye molecules occurs through the
interaction with the carboxyl groups, esterification
process will render the carboxyl groups unavailable
for the binding due to the formation of methyl ester
(–COOCH3). This subsequently will result in a reduc-
tion of MB uptake. The experimental results obtained
agree well with this theory whereby the uptake of MB
by NTA-BP were 98.7% whereas by esterified NTA-
BP was 34.7% (Figure 3). Similar findings were re-
ported previously in the removal of Basic Blue 3,30

Cu and Pb.31 The acid esterification process was car-
ried out to block the carboxyl groups which lead to
drastic reduction of percentage uptake after this type
of modification process. The adverse effect observed
in the percentage of uptake proved that carboxyl
groups are responsible for the uptake of positively
charged species. 

Figure 1. Infrared spectra of NTA-BP before adsorption (bottom) and after adsorption of MB (top)

Figure 2. SEM micrographs of NTA-BP (top) before adsorption;

(bottom) after MB adsorption
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3. 2. Batch Study

3. 2. 1. Effect of pH
Since the efficiency of adsorption process is strong-

ly dependent on pH, which affects the degree of ionization
of the adsorbate as well as the surface properties of the ad-
sorbent, comparative experiments were performed at dif-
ferent pH to show the effect of pH on the adsorption pro-
cess of MB on NTA-BP. The influence of initial pH of dye
solution on the uptake of MB by NTA-BP is shown in Fi-
gure 4. It can be seen that NTA-BP had a greater uptake
capability of MB from pH 4 onwards. This is due to the
phenomenon where the carboxyl groups presence on the
surface of adsorbents were predominantly protonated
(–COOH) at low pH. Since the carboxyl groups are res-
ponsible for binding with MB, protonation of carboxyl
groups at low pH resulted in reduction of adsorption site
available for the binding of MB. The adsorption process
became favorable with the increasing pH due to deproto-
nation of carboxyl groups (–COO–). Higher adsorption
was facilitated at higher pH because as the pH of the sys-
tem increased, the number of negatively charged sites in-
creased. A negatively charged surface site on the adsor-

bent favors the adsorption of dye cations due to electrosta-
tic attractions. 

3. 2. 2. Effect of Initial Dye Concentrations 
and Contact Time

The rates of sorption of MB by NTA-BP at various
initial dye concentrations are shown in Figure 5. The re-
sult demonstrated that when contact time increased, the
uptake of MB increase before the equilibrium is achieved.
The percentage of uptake decreased with increasing solu-
tion concentration while the amount of dye adsorbed in-
creased. A rapid uptake of dye was observed at the begin-
ning of the process (0–25 minutes) and this may attribute
to the fast adsorption of MB molecules on the surface of
adsorbent which caused by electrostatic attraction. Besi-
des, the high availability of vacant binding sites on the
surface of NTA-BP can also explained the fast uptake at
the beginning of the process. With the increasing of time,
intraparticle diffusion which slows down the adsorption
process occurred, where the adsorbates start to diffuse in-
to adsorbent inner sites.

Figure 3. Effect of esterification on the adsorption of MB by NTA-

BP

Figure 4. Effect of pH on the adsorption of MB by NTA-BP (Con-

dition: 0.02 g of adsorbent in 20 mL of 100 mg/L dye solution at

150 rpm for 4 hours).

Figure 5. Effect of initial dye concentrations and contact time on

adsorption of MB by NTA-BP (Condition: 0.02 g of NTA-BP in 20

mL of MB dye solution at 150 rpm for 4 hours).

3. 2. 3. Sorption Isotherm

The equilibrium isotherm is important in the design
of sorption systems because it can provide some insight
into both the sorption mechanisms and the surface proper-
ties and affinities of the sorbent. Therefore, the equili-
brium sorption data were analysed using two of the most
commonly used isotherms equations, Langmuir and
Freundlich model. The Langmuir model assumes monola-
yer coverage of adsorbate over a homogenous adsorbent
surface.32 Adsorption is assumed to take place at specific
homogenous sites on the surface of the adsorbent. Once a
sorbate occupies a site, no further adsorption can take pla-
ce at that site. The equation of Langmuir isotherm was
shown below:
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(2)

Notation:
Ce  = Equilibrium liquid phase dye concentration

(mg/L)
qe  = Amount of dye absorbed at equilibrium (mg/g)
qm  = Maximum adsorption capacity (mg/g)
Ka  = Adsorption equilibrium constant (L/mg)

The Freundlich isotherm is an exponential equation
(Eq. 3) and therefore, assumes that as the adsorbate con-
centration increases so does the concentration of adsorba-
te on the adsorbent surface.33 Theoretically, using this ex-
pression, an infinite amount of adsorption can occur. 

(3)

where n = Freundlich constant for intensity and Kf =
Freundlich constant for sorption capacity. Both n and Kf

can be determined from the plots of log Ne versus log Ce

on the basis of the linear form of the following equation:

(4)

This expression is characterized by the heteroge-
neity factor, n and the Freundlich isotherm can be used to
describe heterogeneous surface with a non-uniform distri-
bution of heat adsorption over the surface.

Equilibrium adsorption data of MB on NTA-BP is
fitted into both linearized Langmuir and Freundlich equa-
tions. The linear plots of Ce/Ne versus Ce and log Ne versus
log Ce are shown in Figures 6 and 7, respectively. Alt-
hough modeling of isotherm data by linear analysis might
cause some discrepancy between the predictions and ex-
perimental data, the linear forms of the isotherms models
are still widely used due to the mathematical simplicity
for determining the corresponding isotherm parameters
and their correlation coefficients (R2). The coefficients for
the linearised forms of the isotherm models for the sorp-
tion of MB on NTA-BP are listed in Table 2. The maxi-
mum adsorption capacity, qm for MB is 142.86 mg/g. Ba-
sed on the correlation coefficients values, R2, Langmuir
isotherm was found to be a more suitable model to descri-
be the adsorption of MB on NTA-BP. This type of Lang-
muir isotherm is one of the most popular linear forms
used in literatures, due to the minimal deviations from the
fitted equation.34–37

In Langmuir isotherm, the vital characteristics can
be defined using a term known as dimensionless equili-
brium parameter, RL.38 The relationship between RL and
type of isotherm were shown in Table 3. The calculated RL

value was used to determine whether the adsorption pro-
cess is unfavourable, linear, favourable, or irreversible.
The equation for calculating RL value is shown below:

(5)

where:

RL  = Dimensionless equilibrium parameter

Ka  = Adsorption equilibrium constant (L/mg)

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

Figure 6. Langmuir isotherm on adsorption of MB by NTA-BP

(Condition: 0.02 g of adsorbent in 20 mL of 100, 125, 150, 175,

200 mg/L MB dye solution at 150 rpm for 6 hours).

Table 2. Langmuir and Freundlich constants for the adsorption of MB on NTA-BP

Adsorbent
Langmuir Freundlich

qm (mg/g) Ka (L/mg) R² KF 1/n R²
NTA-BP 142.86 0.78 0.992 86.9 0.11 0.869

Figure 7. Freundlich isotherm on adsorption of MB by NTA-BP

(Condition: 0.02 g of adsorbent in 20 mL of 100, 125, 150, 175,

200 mg/L MB dye solution at 150 rpm for 6 hours).
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The calculated RL value for NTA-BP of each initial
dye concentrations was shown in Table 4. It was evident
that all the RL values were in the range of 0 < RL < 1
which indicates the favorable adsorption of MB on NTA-
BP under the tested condition.

adsorbent. In adsorption process, saturation occurred at
certain point at which further increase in adsorbent dosage
had little effect on adsorption. This kind of levelling off
can be explained in terms of depletion of dye in solution
and accumulation of dye molecules on the surface of sub-
strate giving rise to hindering the rest of dye to diffuse in-
side the substrate matrix. In the removal of Malachite
Green dye by using banana pseudo-stem fibers, the authors
found that at higher dosage of adsorbent, this has provided
more surface area and adsorption sites for the dye molecu-
les. However, the adsorption pattern becomes stable after
the surface of adsorbent and the MG dye solution come to
equilibrium.27

3. 3. Plackett Burman Design and RSM 

Plackett-Burman was carried out by using NTA-BP
as the adsorbent and the variables of initial dye concentra-
tions, contact time, adsorbent dosage and pH were inclu-
ded. This analysis is useful in determining the main factors
that have a significant effect in the removal of MB. The re-

Figure 8. Effect of adsorption dosage on adsorption of MB by

NTA-BP (Condition: 0.01, 0.02, 0.03, 0.04, 0.05 and 0.06 g of ad-

sorbent in 20 mL of 100 mg/L dye solution at 150 rpm for 4 hours).

Table 3. Relationship between RL and type of isotherm:

RL Type of isotherm
RL > 1 Unfavourable

RL = 1 Linear

0 < RL < 1 Favourable

RL = 0 Irreversible

Table 4. Values of RL of different dye concentration for NBP and

NTA-BP

Dye concentration of MB 
for NTA-BP (mg/L)

RL

100 0.015

125 0.012

150 0.0099

175 0.0085

200 0.0074

3. 2. 4. Effect of Adsorbent Dosage

The effect of adsorbent dosage in the adsorption of
MB by NTA-BP is shown in Figure 8. It followed the usu-
al pattern of increasing uptake as the adsorbent concen-
tration increased. This corresponds to an increase in active
sites for sorption. The uptake of MB by 0.01 g of NTA-BP
increased from 80.2% to 98.7% by a two-fold increase in
the amount of adsorbent. Thereafter, it remains nearly con-
stant along the increments of adsorbent dosage and the ma-
ximum uptake was recorded at 99.5% by using 0.04 g of

Table 5. Plackett-Burman design and results for the removal of MB by NTA-BP

Variables
Observed PredictedExperimental

Contact time Initial concentration Adsorbent pH
response (%) response (%)run

(minutes) (mg/L) dosage (g)
1 0.5 200 0.06 10 57.2 51.9

2 0.5 100 0.06 2 12.4 18.1

3 0.5 100 0.01 2 1.7 8.3

4 240 100 0.01 2 6.4 13.8

5 240 200 0.01 10 53.8 47.6

6 0.5 200 0.06 2 10.2 7.2

7 240 200 0.06 2 25.6 38.6

8 0.5 200 0.01 10 10.9 16.2

9 240 100 0.06 10 99.3 94.1

10 240 200 0.01 2 6.7 2.9

11 240 100 0.06 10 99.3 94.1

12 0.5 100 0.01 10 10.6 27.1
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sults and experimental conditions were shown in Table 5.
The largest and smallest differences between the experi-
mental and predicted uptakes of dye were 16.52% and
2.99%, respectively. The differences between the experi-
mental and predicted uptake might due to the involvement
of insignificant variable in the analysis. The results of
ANOVA were shown in Table 6. From the results, the mo-
del is having Prob>F value of 0.0005 and F-value of 21.38.
This indicates a significant model. In order to have a signi-
ficant model, the Prob>F value has to be below 0.05.
Among the four variables, only three out of four variables
are significant. The significant variables are adsorbent do-
sage, contact time and solution pH. The effect of initial dye
concentration was not significant in the examined range
and having Prob>F value of 0.1727.

The effect of pH plays an important role in the upta-
ke of MB because this variable affects the degree of ioni-
zation and surface properties of NTA-BP.39 The amount
of available active binding is correlated with the amount
of adsorbent dosage, therefore it is also a dominant factor
in MB uptake. In dye adsorption process, the contact time
affected the percentage uptake of dye due to the three
phases which are: (i) rapid attachment of the dye molecu-
les to the surface of the adsorbent, (ii) slower adsorption
with the diffusion take place- intra-particle diffusion be-
comes rate controlling step and (iii) final equilibrium
step- the rate of intra-particle diffusion process started to
decrease due to very low solute concentration in dye so-
lution.40

The influential parameters, contact time, adsorbent
dosage and pH were analysed by using response surface
methodology. The modified cubic model which describes
the relationship between factors and the uptake of MB
was presented as below:

Percentage uptake = 95.3 + 25.5A + 11.9B + 
+ 25.3C + 11.9AC – 26.5A2 – 28.3C2 (6)

where A = Contact time (minutes), B = Adsorbent dosage
(g), C = solution pH

The regression analysis of ANOVA for the MB upta-
ke was shown in Table 7. Prob>F value of the model is less
than 0.0001 and the F-value with 23.03 indicates the model
studied was significant. The coefficient of determination,
R2 is 0.9540 which is quite close to unity. The relatively
high R2 value indicated that there were good agreements
between the experimental and predicted values. Meanwhi-
le, the correlation coefficient of variance (C.V.) was recor-
ded as 16.98%. The lesser the value of C.V., the better the
precision and consistency of the investigation.41 The ade-
quate precision, “Adeq Precision” can determine the ratio
of signal to noise. A desirable ratio should have a value of
greater than 4. The ratio of this analysis was determined to
15.38 which showed a satisfactory signal and it is desirable. 

Figures 9–11 showed the 3D surface plot that relates
the interaction between pH and contact time (Figure 9),
adsorbent dosage and contact time (Figure 10) and pH and
adsorbent dosage (Figure 11). From this kind of response
surface plot, the correlation between two important fac-
tors and the optimum level of percentage uptake of dye
can be easily studied and detected.

Figure 9 showed that the maximum percentage upta-
ke of MB occurred when pH of dye solution and contact
time were both located at highest point in the surface plot.
From Figure 10, the percentage uptake of MB dye solu-
tion increased when adsorbent dosage and contact time
were both increased. And lastly, Figure 11 illustrated that
when both of the variables (pH and adsorbent dosage) we-
re increased, a higher uptake of MB can be noticed. 

Table 6. Regression analysis (ANOVA) of Plackett Burman for the removal of MB from dye solution

Source Degree of freedom Sum of squares Mean squares F-value Prob>F Description
Model 4 13108.32 3277.08 21.38 0.0005 Significant

Contact time 1 2950.04 2950.04 19.24 0.0032 Significant

Initial concentration 1 353.49 353.49 2.31 0.1727 Not significant

Adsorbent dosage 1 3818.12 3818.12 24.91 0.0016 Significant

pH 1 5986.67 5986.67 39.05 0.0004 Significant

Residual 7 1073.09 153.3

Total 11

Table 7. Regression analysis (ANOVA) for the removal of MB from dye solution

Source Degree of freedom Sum of squares Mean squares F-value Prob>F Description
Model 9 27558.87 3062.1 23.03 < 0.0001 Significant

Contact time 1 6479.06 6479.06 48.73 < 0.0001 Significant

Adsorbent dosage 1 1433.53 1433.53 10.78 0.0082 Significant

pH 1 6387.75 6387.75 48.04 < 0.0001 Significant

Residual 10 1329.62 132.96

Total 19
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4. Conclusion

The present study shows that modification of bana-
na pith with nitrilotriacetic acid (NTA-BP) resulted in
the formation of an efficient adsorbent to remove basic
dye, Methylene Blue from aqueous environment. The
cost of producing NTA-BP is estimated to be threefold
cheaper than the price of commercial activated carbon.
The results from esterification process on the surface
functional groups indicate that carboxyl groups were the
major functional groups involved in the adsorption of
MB. The maximum adsorption capacity of NTA-BP is
142.86 mg/g. The correlation coefficient, R2 obtained in
Langmuir isotherm is 0.992 which is higher than the one
obtained in Freundlich isotherm. This indicates the sui-
tability of Langmuir isotherm model in explaining the
adsorption behavior of the current study. By using Plac-
kett-Burman, the influential variables were found to be
contact time, adsorbent dosage and pH. The interaction
between the variables and the optimum level for the ma-
ximum uptake was studied by using response surface
methodology. Based on the result, under the optimum
condition, the percentage uptake of MB can achieved
99.42% with the compromise of these responses: adsor-
bent dosage (0.06 g of NTA-BP), contact time (120 mi-
nutes) and pH (6). 
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Povzetek
Prou~evan je bil u~inek razli~nih parametrov kot so pH, kontaktni ~as, za~etna koncentracija barvila metilen modro

(MB) in mno`ina adsorbenta na adsorpcijsko kapaciteto naravnega str`ena bananovca (NBP). Ta se je izbolj{ala z mo-

difikacijo adsorbenta z nitriloocetno kislino (NTA). Podatke je najbolje opisala Langmuirjeva izotrema. IR spekter obeh

adsorbentov NBP in NTA-BP je potrdil prisotnost karboksilnih in hidroksilnih skupin. SEM mikrografi so pokazali, da

je povr{inska struktura NTA-BP pred adsorpcijo bolj gladka kot po njej. Za ugotavljanje pomembnih faktorjev ki vpli-

vajo na adsorpcijo je bil uporabljen princip po Plackett-Burmanu, za dolo~itev medsebojnih vplivov posameznih faktor-

jev in njihovo optimalno vrednost za maksimalno adsorpcijsko kapaciteto pa je bila uporabljena RSM metoda. Ti rezul-

tati so pokazali, da se maksimalna kapaciteta adsorpcije MB dose`e z 0,06 g NTA-BP pri pH 6 in kontaktnem ~asu 120

minut. Eksperimentalno je bilo pri optimalnih pogojih dose`ene 99,42% vrednosti maksimalne kapacitete.


