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Introduction

Nowadays, waste generation and disposal are serious
threats to the environment. Enormous amount of wastewater
generated from industrial sectors that include leather, textile,
pharmaceuticals, chemicals, foods, papers and pulps in
which dye is used for colouring the products. Wastewater
generated by these industries contain high amount of toxic
substances in it and are disposed into the nearest waterways,
streams or lakes without proper treatment (Wang 2008)
affecting the quality of groundwater. Furthermore,
infiltration of such dyes affects soil properties, as well as,
aquatic life. Due to this reason, wastewater from industries
should be properly treated before its disposal.

Dyes are popular for their easy application and colour
(Aksu and Isoglu, 2007). Dyes are basically cationic (basic
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dyes), anionic (acid and direct dyes) and non-ionic (reactive
and vat dyes) (Hameed and El-Khaiary, 2008a) they are toxic
and harmful because of their molecular structure and
aromatic rings. Dye are made up of chromophore,
auxochrome and chromogen, responsible for colour,
properties and bond between the dye and its properties
(Rafatullah 2010). The classification index number
indicates the category of dye, which is under the group of
triarylmethane dyes (Shi 2007)

The common techniques used to remove dyes from
wastewater are coagulation, flocculation, precipitation, ion
exchange, membrane filtration, electrochemical destruction,
irradiation, mineralisation and decolourisation methods
(Hameed and El-Khaiary 2008b; Jayanthy 2014;
Robinson 2001). The adsorption process amongst these
methods is efficient due to dyes easy application. In recent
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In the present study, (turmeric plant) was used as an adsorbent to remove Basic
Green 1 (BG) dye. Batch study was carried out to evaluate the adsorption potential of and
influencing factors such as pH (4-10), adsorbent dose (0.2-5 g l ), initial dye concentration (50-
250 mg l ) and temperature (30-50°C) on dye removal were analysed. The characterisation of
adsorbent was carried out using fourier transform infrared (FTIR) spectroscopy, scanning electron
microscopy (SEM) and Brunauer, Emmett and Teller (BET) method. Isotherm models that
included Langmuir, Freundlich, Tempkin and Dubinin–Radushkevich, and kinetic models such as
pseudo first order, pseudo second-order, Elovich and intraparticle diffusion models were studied.
A maximum removal percentage (82.76%) of BG dye from aqueous solution was obtained with
optimum conditions of pH 7, 1g l adsorbent dose and 30°C temperature, for 100 mg l initial dye
concentration. The equilibrium and kinetic study revealed that the experimental data fitted
suitably the Freundlich isotherm and Pseudo second order kinetic model. Thermodynamic
analysis proved that adsorption system in this study was spontaneous, feasible and endothermic in
nature.
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trend, adsorption for dye removal using agricultural wastes
has gained importance and previous researchers have carried
out adsorption studies using several agricultural wastes such
as granular kohlrabi peel (Gong 2007), grass waste
(Hameed, 2009), banana stalk waste (Hameed 2008 c) ,
pineapple leaf powder (Weng 2009), indian rosewood
sawdust (Garg 2004), tomato plant root (Kannan
2009), date stone and palm trees (Belala 2011), sugar
beet pulp (Malekbala 2012), commercial activated
carbon (Maurya 2008), sugarcane bagasse (Mahesh

2010), water hyacinth (Boonpoke, 2015) and cucumber
Smitha 2012) etc. However, literature review has

revealed that no study has been conducted using turmeric
plant for the removal of BG dye. The annual average
production of turmeric plant in Tamilnadu (India) is 1.6 x 10
tonnes (Muthuswamy, 2013). The stem and leaves are
considered as waste in agricultural land after the cultivation
process. Hence, the present study focused on the application
of turmeric plant as an adsorbent for the removal of BG dye.

The main objective of the present study was to
identify optimum conditions of adsorption process for
maximum dye removal. Influencing factors such as pH,
adsorbent dose, temperature and initial dye concentration
with contact time on dye removal were also studied.

Turmeric plant was obtained from local
agricultural land at Vellore District, India. They were cut into
small pieces and washed with double distilled water several
times to remove the impurities present. Washed samples
were then kept in hot air oven at 80°C for 24 hr and grinded
using domestic mixer. The grinded powder was sieved with
150 micron size sieve and the particles retained on 90 micron
size sieve ( , particles with an average size of 120 microns)
were stored in an airtight container for further use. The
physical properties of turmeric plant were as follows :
moisture content - 10%, bulk density 0.33 (g cc ), volatile
matter content 71%, ash content 18% and fixed carbon
content 1%, respectively.

Basic Green1 dye (molecular formula:
C  H  N O S, = 629 nm, CI: 42020), used in this study was
of laboratory grade, purchased from Tokyo Chemical
Industry (TCI) Co. Ltd, Tokyo, Japan (Chowdhury and Saha,
2012). 1g of dye was dissolved in 1000 ml of double distilled
water to prepare stock solution. The working solution of
desired concentrations (50-250 mg l ) were prepared by
appropriately diluting the stock solution. The pH of the
solution was adjusted using 0.1M of H SO and 0.1N of
NaOH. All the chemicals used in this study were of analytical
grade.
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Characterisation of adsorbent :

Batch study :

The adsorbent was
characterised by employing fourier transform infra-red
spectroscopy (FTIR) and scanning electron microscopy
(SEM) techniques. The specific surface area of the adsorbent
was determined by BET (Micromeritics ASAP2020
Porosimeter) method. The fourier transform infrared
spectroscopy (Thermo Nicolet, AVATAR 330 spectrometer)
analysis indicates the presence of different functional groups
responsible for interaction between the adsorbent and
adsorbate. The scanning electron microscopy (HITACHI-
S3400N) analysis depicts the shape and size of adsorbent
before and after the adsorption process.

Batch adsorption experiments were carried out
to determine the effects of parameters such as pH (4-10),
initial dye concentration (50-250 mg l ), adsorbent dose 0.2-
5 g l , contact time (15-180 min) and temperature (30-50°C)
on the adsorption of dye by varying the parameters under
study and keeping other parameters constant. In each
experiment, pre-weighed amount of adsorbent was added to
100 ml of dye solution taken in 250 ml conical flask. The
solution was agitated at 120 rpm in an orbital shaker (REMI-
CIS 24BL) at 30°C for 90 min and centrifuged at 6000 rpm
for 10 min using Research centrifuge (REMI-R24). Dye
concentration in supernatant solution was determined at 629
nm by employing double beam UV-visible spectro
photometer (UV-100, Cyberlab).

The percentage removal of dye and the amount of dye
adsorbed (q ) on turmeric plant was calculated by Eq. (1) and
Eq. (2), respectively

The percentage removal of dye was calculated by the
equation :

% Removal =                        x 100                          ........ (1)

The equilibrium adsorption capacity was evaluated by the
equation :

qe = ........... (2)

where, q (mg g ) is equilibrium adsorption capacity; C and
C are initial and equilibrium concentrations (mg l ) of BG
dye solution; V is volume (l) and m is weight of the adsorbent
(g).

The specific surface area of adsorbent analysed by
BET method was found to be 0.595 m g . The peaks
observed in the FTIR spectrum of raw and dye loaded TP at
3277, 1317 and 1622 cm indicated the presence of O-H, C-O
and N-H bond. Variation in peak was observed at 3273, 1365
and 1612 cm respectively. Variation indicated that the
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Fig. 4 : Freundlich isotherm plot for basic green 1 dye of turmeric plant
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Fig. 3 : Effect of initial dye concentration (Adsorption conditions: dose- 1g l ,

temp 303K rpm: 120, pH 7, contact time: 15 -180 min)
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Fig. 1 : Effect of pH (Adsorption conditions: dose- 3 g l ; C - 100 mg l , time- 60

min; rpm- 120, temp - 303 K)
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Fig. 2 : Effect of adsorbent dose (Adsorption conditions: dose- 0.2-5g l , Co-100

mg l ; time- 60 min; rpm- 120; temp- 303 K)
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functional groups - hydroxyl, carboxyl and amine were
involved in adsorption process.

To study the effect of pH on adsorption process, pH of
the solution was adjusted in the range of 4-10 with 100 mg l
initial dye concentration and 1 g l adsorbent dose. The
reaction mixture in conical flask was kept in the orbital
shaker agitated with a stirring speed of 120 rpm at 30°C for 60
min. The most favourable adsorption was observed at pH 7

-1

-1

with 71.34 % removal of BG dye (Fig. 1). It can be noted from
the figure that the removal percentage increased with the
increasing pH. Further, decrease in dye removal after pH 7
was due to formation of soluble hydroxide complex and
electrostatic repulsion (Tunali 2011). The removal
percentage was high at pH 7, which was due to high affinity
between the adsorbent and dye solution. Similar trend was
reported for adsorption of methylene blue dye (Han
2007)

The effect of adsorbent dose play a significant role in
dye removal percentage. By varying the dosage of adsorbent
from 0.2-5 g l dye solution, maximum dye removal was
observed at 1g l (Fig. 2), after which the removal percentage
started decreasing due to the fact that all pores were occupied
by dye molecules. Similar trend was reported for adsorption
of dyes by Mane and Vijay Babu (2013); Nausheen
(2013). The effect of initial dye concentration was studied by
50,100,150,200 and 250 mg l dye solution concentration at
different time intervals 15, 30,45,60,90,120,150 and 180 min
by keeping the pH and adsorbent dose as constant. The
equilibrium time for different dye concentrations is presented
in Fig. 3. The equilibrium was attained at 60 min for all initial
dye concentrations. Initially, the uptake of dye was fast due to
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Fig. 5 : Pseudo second order kinetic plot for adsorption of basic green 1 on

turmeric plant
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availability of empty sites in the adsorbent and after certain
point it attained equilibrium and the process became slower
and finally reached saturation (Hameed, 2008d)

The adsorption of BG dye on turmeric plant was carried
out at different initial dye concentrations (50-250 mg l ) and
various temperatures (30-50°C) at 120 rpm at optimum
conditions. Langmuir and Freundlich isotherm models
frequently used surface adsorption models for single stage
batch study process. In this study, the experimental data were
analysed using the Langmuir, Freundlich, Tempkin and
Dubinin-Radushkevich (D-R) isotherm equations. These
models help us to know correlation between the experimental
data and calculated data.

The Langmuir isotherm constants, and Kl (Table 1)
were obtained from the slope and intercept of the plot of /
versus . Less correlation coefficient value as compared to
Freundlich isotherm implied the inapplicability of Langmuir
isotherm for the adsorption process (Table 1).

Freundlich isotherm constants and were
calculated from the intercept and slope of the plot (Fig. 4) and
are listed in Table 1. The value was found to be greater than
Langmuir isotherm. The value of Freundlich exponent was
in the range of > 1, indicating favourable adsorption. The
best equilibrium model was determined based on the linear
square regression correlation coefficient . From Table 1, it
was observed that the equilibrium sorption data were best
fitted using Freundlich isotherm.
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The Tempkin isotherm constants along with their
correlation coefficient values (R ) are presented in Table 1.
The slope and intercept of the plot of ln versus gave
constant value of and (mg g ) respectively (Table 1)in
D-R isotherm. It can be inferred from Table 1 that maximum
adsorption capacity, Q obtained from D-R isotherm model
showed good correlation with the experimental uptake (Q )
values (Table 1). However, the correlation coefficients
obtained from this model were lower, suggesting the
inapplicability of this model.

The kinetic models pseudo first order, pseudo second
order, Elovich and intraparticle diffusion were used in the
study. The adsorption of BG on turmeric plant was studied at
30°C for 50 -250 mg l of initial dye concentration. The
equilibrium time for BG -TP systems was 60 min and after
that no further adsorption occurred with prolonged time.

The values of pseudo first order kinetic constants K ,
the calculated adsorptive capacity, q (cal) and correlation
coefficient, R of BG dye for TP are presented in Table 2. It
can be noted from Table 2 that the theoretical q (cal) values
calculated from pseudo-first-order model did not agree with
the experimental values q (exp). Hence, the adsorption
process did not follow pseudo-first order kinetic model.

The values of pseudo second order kinetic constants
along with the corresponding correlation coefficients (R ) are
presented in Table 2. Fig. 5 depicts the plot of pseudo second
order kinetic model of BG dye for turmeric plant. It can be
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Table 1 :

Temp (K) Adsorption isotherm models

Langmuir isotherm Freundlich isotherm Tempkin isotherm D-R isotherm

q (exp) Q K R R n K R² B A R² K Q R

(mg g ) (mg g ) (mg l ) (l g ) ( (mg g )

Adsorption of isotherm models of basic green 1 dye on turmeric plant

303 146.41 212.6 0.02 0.952 0.21 1.78 10.53 0.999 44.88 0.20 0.957 2.06E-05 112.5 0.812
313 138.35 206.4 0.02 0.992 0.23 1.70 8.83 0.996 45.15 0.17 0.998 2.83E-05 111.5 0.872
323 136.99 224.8 0.01 0.976 0.27 1.596 7.217 0.998 46.913 0.14 0.972 3.12E-05 108.7 0.842

e m l L f T T D-R m

2 2

-1 -1 -1 -1 -1

mol KJ )
2 -2

Table 2 :

Dye Conc q (exp.) Adsorption kinetic models

(mg l ) (mg g )
Pseudo 1 order Pseudo 2 order Elovich model Intraparticle diffusion

K q (calc.) R K q (calc.) R (mg g R K (mg g C R

(min ) (mg g ) (min ) (mg g ) min ) (g mg ) min ) (mgg )

Adsorption of kinetic models of basic green 1 dye on turmeric plant

50 39.54 0.023 9.296 0.868 0.008 38.99 0.996 84765.38 0.392 0.841 0.950 29.75 0.902
100 71.087 0.033 19.081 0.765 0.004 71.45 0.994 110480.3 0.209 0.768 1.782 54.02 0.826
150 96.2 0.034 13.16 0.974 0.006 96.87 0.999 2.57E+08 0.232 0.963 1.556 82.65 0.973
200 122.06 0.028 14.73 0.925 0.005 122.0 0.999 1.12E+11 0.236 0.864 1.577 107.0 0.922
250 146.41 0.013 13.69 0.925 0.007 142.1 0.999 5.33E+14 0.261 0.952 1.376 129.8 0.948

e

1 e 2 e diff
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noted from Table 2 and Fig. 5 that the theoretical values
q (cal) agreed well with the experimental values q (exp).
Further, the correlation coefficient values (R ) was observed
as close to unity for the adsorbent suggesting that the
adsorption process could be described more favourably using
pseudo second order kinetic model. Hence, pseudo-second
order kinetic model was considered more appropriate to
represent the kinetic data for the adsorption of BG on
turmeric plant. This indicated that chemisorption involved
exchange of electrons between adsorbate and adsorbent,
complexation and association of dye molecules were rate-
limiting step.

The values of Elovich kinetic constants, and were
obtained from the intercept and slope of the plot of q versus
lnt and are presented in Table 2. It can be inferred from Table
2 that the correlation coefficient values (R ) was less as
compared to that of pseudo second-order kinetic model for
BG dye, proving the inapplicability of this model to this
adsorption system.

Intraparticle diffusion model constants, K and C
were calculated from the slope and intercept of the plot of q
versus t and are presented in Table 2. The value of C
represented the thickness of boundary layer (as the value of
intercept increased, the resistance to external mass transfer
increased).

From Table 2, it can be noted that the R values for BG
dye for the adsorbent were close to unity suggesting that
intraparticle diffusion plays a significant role in the
adsorption of dye molecules by turmeric plant. The plots of
q vs t should have passed through the origin. However, this
study deviated from the requirement and hence, the
adsorption process did not follow the intraparticle diffusion
model.

Thermodynamic parameters such as change in Gibb's
free energy, change in enthalpy and change inentropy were
calculated to predict the nature of adsorption process.
Thermodynamic consideration of adsorption process is
necessary to conclude whether the process is spontaneous or
not (Akar 2009)

The G° values for temperature 303,313,323K were
-3.423, -3.254 and -2.888, respectively, indicating the
process to be spontaneous. The values of H° and S° were
11.49 and 26.53, respectively, confirming the process to be
endothermic and the increasing affinity of the adsorbent
towards the dye.

In the present study, batch experiments were carried
out to determine the capacity of turmeric plant as an
adsorbent for the removal of Basic Green1 dye from aqueous
solution. The results reveal that the parameters such as pH,
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adsorbent dose, initial dye concentration, contact time and
temperature have effect on the adsorption process. Isotherm
studies indicated that the adsorption of BG dye for the
adsorbent is favourable for Freundlich isotherm model and
that the pseudo second order kinetic model provided the best
representation of kinetic data of BG dye. The maximum
adsorption capacity was obtained as 39.54 mg g . In addition,
the thermodynamic studies shown that the process is feasible,
spontaneous and endothermic in nature. Based on the results,
it is evident that turmeric plant waste can be effectively used
as an adsorbent for the removal of Basic Green1 dye from
aqueous solution.
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