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Introduction

The various types of dyes are widely used in textile industry in a variety of chemical processes. The dye containing
wastewater from the textile industry is directly released into the nearby water bodies [1,2]. These wastewaters have polluted
nearby water bodies and have been reported to be slightly toxic even at low concentration [3]. The contamination of water by
dye is a worldwide environmental problem [4,5]. Several methods have been used to remove dyes from textile waste water
before discharge into the nearby water bodies [6]. Some conventional methods such as membrane process, electrochemical
techniques, reverse osmosis, coagulation, flocculation, ultra-filtration, biological process, chemical reaction, photo oxidation,
precipitation have been used for eliminating dyes from textile waste water [7,8]. Most of these methods are expensive due to
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their high capital and operational costs [9,10]. Among these methods, activated carbon is a widely used method for removal
of colour from wastewater because of its well-developed porous structure and tremendous surface area [11,12]. In the present

study, copper pod flower has been used as a new low-cost adsorbent for removal of dye from textile waste water.

Materials and Methods

Adsorbent preparation

The present studies copper pod flowers were used as adsorbent for the removal Malachite green dye from aqueous solution.
They were collected from in around PSG College of Arts and Science, Coimbatore District, Tamil Nadu, India which were
available in abundant.

The copper pod flowers were washed thoroughly with ordinary tap water to remove any dust and twice with distilled water.
The washed materials were dried in sun light to evaporate the moisture present in it. The dried materials were kept in muffle
furnace. The carbonized material was ground to fine powder and then sieved with a particle size of 125 um. The sieved

adsorbent sample prepared was kept in an airtight container and used for further adsorption studies.

Preparation of adsorbate
A stock solution of 1000 mg/L was prepared by dissolving 1 g of Malachite green dye in a 1 L of distilled water. All working
solutions used in tests were prepared by diluting the stock solution with distilled water to get the appropriate concentration.

The dye concentration was determined using UV/visible spectrometer at a Amq Value of 617 nm.

Effect of adsorbent dosage

The effect of adsorbent dosage on removal of dye was studied in range of 0.1 g tol g.

Effect of contact time
The effect of contact time on the amount of dye removal was studied for a period of 100 min and with dye concentration of
10 mg/L to 50 mg/L.

Effect of pH
The effect of pH on adsorption of dye was studied by varying the initial pH of the solution from 2 to 12. The pH of the
solution was adjusted using 0.1 M HCI or 0.1 M NaOH.

Effect of temperature
The effect of temperature on adsorption of dye from aqueous solution was studied by varying the temperature from 30°C to
60°C.

Results and Discussion
Effect of contact time and initial dye concentration

The adsorption capacity of Malachite green dye onto activated carbon at different initial concentrations is shown in FIG. 1
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FIG. 1. Effect of initial concentrations on the adsorption of Malachite green onto copper pod.

The results obtained indicate that the percentage of dye removal increased with contact time rapidly and became constant
when equilibrium was attained [13,14]. The percentage of dye removal increased with increase in initial dye concentration

[15]. It was found that the percentage of dye removal dependent on the concentration of the dye.

Effect of adsorbent dosage
The effect of adsorbent dosage with activated carbon used as adsorbent for removal dye is shown in FIG. 2. From the FIG. 2.
it was observed that increased adsorbent dosages increased the percentage removal of dye [5]. Higher dosage of adsorbent

increased the adsorption due to more surface area and functional groups are available on the adsorbent [16].
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FIG. 2. Effect of adsorbent dosages on the adsorption of Malachite green onto copper pod.

Effect of pH
The effect of pH on the percentage removal of dye is shown in FIG. 3. From the figure, it is indicating that the percentage of
dye removal was increased up to pH 7. The maximum percentage of dye removal was obtained at pH 7 for all the

concentration of the dye solution [14]. At low pH, the adsorbent surface becomes negatively charged and favors uptake of
3
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cationic dyes due to increased electrostatic forces of attraction [17]. At high pH, the adsorbent surface becomes positively
charged and high concentration of H* ions which compete with cationic Malachite green dye causing decrease in dye uptake

[8,18].
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FIG. 3. Effect of pH on the adsorption of Malachite green onto copper pod.

Effect of temperature
The effect of temperature on the percentage of dye removal is shown in FIG. 4. The adsorption capacities of Malachite green

dye decreased with the incremental temperature from 30°C to 60°C for 40 mg/L. It is because higher temperature may
decrease the adsorptive forces between the dye molecules and active sites on the adsorbent [10,12]. The maximum percentage

removal of dye was obtained at 30°C. Therefore, adsorption process is exothermic in nature [19].

Scanning electron microscope analysis
The SEM photograph of the adsorbent is shown in FIG. 5. From the figure, it was observed that wide varieties of pores are

present in the activated carbon increase active sites [10].

Powder X-ray diffraction study
The powder X-ray diffraction analysis of sample investigated and displayed in FIG. 6. In activated carbons, a broad peak due
to reflections from the planes can be clearly seen. The broadness of the peak indicates the amorphous nature of the carbon

sample [18,20].
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FIG. 4. Effect of temperature on the adsorption of Malachite green onto copper pod.

2um EHT = 5.00 kV Signal A = InLens Date 118 Oct 2016 ﬁ

WD = 52mm Mag= 6.39KX Time :16:04:06

FIG. 5. SEM image of activated carbon.
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FIG 6. XRD pattern for prepared activated carbon.
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FIG. 6 shows XRD spectrum of the adsorbent. This spectrum clearly shows that the particle size is responsible for the
broadening peaks in the XRD pattern [21]. This spectrum also indicates that the presence of amorphous form of carbon which
is disorderly stacked up by carbon rings [2,22].

Analysis of adsorption kinetics

The study of adsorption kinetics is an important characteristic in describing the efficiency of adsorption process [10]. Various
kinetic models can be used to analyze the adsorption process. The pseudo-first order and pseudo-second order Kinetic models
are the most widely used models for the adsorption of solutes from a liquid solution.

Pseudo-first order equation: The pseudo-first order equation of Lagergen is expressed as follows:

kit
lo -g)=lo - 1
9(d, - 4,) 94, 2302 1)

Where, q, is the amount of dye removed at equilibrium (mg/g),
qq is the amount of dye removed at time t (mg/g),

k, is the pseudo-first order rate constant (min™)

The plot of log (ge-qy) vs. time (t) gives a linear relationship and is shown in FIG. 7. The values of k; and calculated g, were
determined from the slope and intercept of the linear plot. The pseudo-first order rate constant (k;), correlation coefficients
(R?), experimental g, values and calculated g values are listed in TABLE 1. From TABLE 1 it was noticed that large
deviation between calculated g. values and the experimental g, values [23]. It can be concluded that the adsorption of

Malachite green dye on copper pod flower not obeys the pseudo-first order reaction.
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FIG. 7. Pseudo-first order kinetics for adsorption of Malachite green onto prepared activated carbon at 30°C.

Pseudo-second order equation: The pseudo-second order equation is expressed as follows:

t 1 t
i @)
G k9 Q.
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Where, g, is the amount of dye removed at equilibrium (mg/g)

g is the amount of dye removed at time t (mg/g),

k, is the pseudo-second order rate constant (min™).

If the pseudo-second order kinetic model is follow, the plot of AS vs. t should give a linear relationship. k, and g, values can

0t

be determined from the slope and intercept of the plot are presented in TABLE 1. The FIG. 8 shows various initial dye
concentration of pseudo-second order kinetic model. The pseudo-first order and pseudo-second order rate reaction rate
constants, correlation coefficients (R?), experimental data q. and calculated q. values are listed in TABLE 1. From the
TABLE 1, it was noticed that R? values for the pseudo-second order kinetic model were found to be higher than that of the
pseudo-first order kinetic model for all initial dye concentrations [18,24]. The calculated g, values obtained from the pseudo-
second order kinetics model good agreement with the experimental g, values [20,25]. The adsorption of Malachite green dye

on copper pod flower is well suitable for the pseudo-second order kinetics model with very high correlation coefficients (R?).
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FIG. 8. Pseudo second order Kinetics for the adsorption of Malachite green onto prepared activated carbon at 30°C.

TABLE 1. Pseudo-first and pseudo-second order Kinetic parameters for different initial dye concentration.

Intial conc. | Pseudo-first order kinetic model Pseudo-second order kinetic model
(ppm) qeexp (ppm) Qecal (ppm) kl Rz qeexp qecal k2 R2
(ppm) (ppm) (ppm) (ppm)

10 9.87 1.27 0.0092 0.235 9.87 10 0.0469 0.999
20 19.59 1.09 0.0161 0.358 19.59 20 0.0396 0.999
30 29.75 2.81 0.0184 0.674 29.75 30 0.0167 0.999
40 38.72 421 0.0253 0.631 38.72 40 0.0132 0.999
50 47.68 8.27 0.0253 0.865 47.68 50 0.0067 0.999
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Intra particle diffusion studies: The Intraparticle diffusion model is used for confirming the mechanism of the adsorption

process [26]. Intraparticle diffusion (kg) is given by weber morris and is expressed as follows:

g =kt (3)

Where, g,is the amount adsorbed (mgg™) at time t (min),

k is the rate constant of intra particle diffusion (mgg™ min?).

The plot of amount adsorbed (q;) vs. time gives straight line and is shown in FIG. 9. The rate constant of intra particle
diffusion (kg) can be determined from slope of the straight line and the values are listed in TABLE 2. The linear portion of
the plot at each concentration did not pass through the origin suggesting that intraparticle diffusion was not the only rate
controlling step [2,22]. The high correlation coefficient (R?) values (R’=0.922-0.998) obtained at each concentration
indicated that the pore diffusion plays a significant role for the adsorption of Malachite green dye onto the activated carbon
prepared from copper pod flower.
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FIG. 9. Intra particle diffusion for the adsorption of Malachite green onto prepared activated carbon at 30°C.

TABLE 2. Intra particle diffusion model.

Initial concentration Intra particle diffusion model
(ppm) C K4 (mg/g.min) R’
10 8.64 0.111 0.937
20 17.99 0.160 0.998
30 26.28 0.331 0.978
40 34.17 0.462 0.988
50 38.30 0.959 0.922
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Adsorption isotherm
The adsorption isotherm describes the mechanism of the adsorption process between the adsorbate and the adsorbent [27].

The Langmuir and Freundlich isotherm were analyzed to study the adsorption isotherm of dye.

Langmuir isotherm: The Langmuir isotherm equation is expressed as follows:

G_l . &
. Qb Q

Where, g is the amount of dye adsorbed at equilibrium (mgg™),

C. is the concentration of dye solution at equilibrium (mgL™),

Q, is Langmuir constant related to adsorption capacity (mgg™),

b is Langmuir constant related to rate of adsorption (Lmg™),

The plot of —vs. ¢, gives a straight line with slope of 1 and intercept of iband is shown in FIG. 10. The constants Q,

e 0 [¢]

and b values were determined by from slope and intercept of the plot and the values are listed in TABLE 3.
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FIG. 10. Langmuir isotherm for the adsorption of Malachite green onto prepared activated carbon.

TABLE 3. Langmuir isotherm parameters.

Temp. (DY 2 Langmuir constants
R Qo(mg/g) | b.(L/mg)
30 0.230 1000 0.0133
40 0.120 500 0.0183
45 0.047 1000 0.0059
50 0.199 500 0.0087
55 0.120 1000 0.0039
60 0.210 333 0.0100
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The constants Q,, b and correlation co-efficient (R?) values are given in TABLE 4. The value of R? is regarded as a measure
of the goodness-of-fit of experimental data. The experimental data shows that the amount of dye adsorbed on activated
carbon decreased with increasing adsorption temperature [15,25]. The essential characteristics of Langmuir isotherm equation
can be expressed in terms of dimensionless separation factor, R, which is defined by the following equation.

R, = !
1+bC,

®)

Where, C, is the initial concentration of dye solution (mgL™) and b is the Langmuir constant. The value of R, indicates that
the shape of the adsorption isotherm to be either linear (R =1), favourable (0<R, <1), unfavourable (R >1), or irreversible
(R_=0). The values of R, are shown in TABLE 5. The R, values for the present experiment data fall between 0 and 1, which

is an indication of the favourable adsorption process [2,12].

TABLE 4. R, values at various initial dye concentrations.

Initial dye R, Value
Concentration
30°C 40°C 45°C 50°C 55°C 60°C
(ppm)
10 0.8823 | 0.8449 | 0.9441 | 0.9196 | 0.9619 | 0.9085
20 0.7894 | 0.7315 | 0.8941 | 0.8513 | 0.9267 | 0.8324
30 0.7142 | 0.6449 | 0.8492 | 0.7923 | 0.8939 | 0.7680
40 0.6521 | 0.5767 | 0.8086 | 0.7411 | 0.8634 | 0.7129
50 0.6000 | 0.5215 | 0.7716 | 0.6960 | 0.8349 | 0.6651

Freundlich isotherm: The Freundlich isotherm equation was given by,

Loga, = logk; +[1jlog C. (6
n

Where, g, is the amount of dye adsorbed (mgg™),

C. is the concentration of dye solution at equilibrium (mgL™),

k¢ is Freundlich constant related to the adsorption capacity of adsorbent,
n is Freundlich constant related to the adsorption intensity,

k: and n values can be calculated from the slope of the straight line and is shown in FIG. 11.

10
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FIG. 11. Freundlich isotherm for the adsorption of Malachite green onto prepared activated carbon.

TABLE 5. Freundlich isotherm parameters.

Temp. (0°C) | Statistical parameters/Constants
R’ n K; (mg/L)
30°C 0.983 | 0.9090 12.94
40°C 0.963 | 0.8849 8.33
45°C 0.966 | 0.9285 5.43
50°C 0.983 | 0.9066 3.87
55°C 0.977 | 0.9182 3.53
60°C 0.967 | 0.8741 2.81

The value of R? and K; indicates that adsorption was favourable. The value of n which is less than 1 indicates that the dyes
are favourably adsorbed by adsorbent [28]. The smaller value of n indicates that better adsorption mechanism and formation
of stronger bond between dye molecules and activated carbon. The value of Kalso indicates that adsorption capacity of the
adsorbent. The higher the K; values greater is the adsorption capacity of an adsorbent. The value of R? is used to measure
goodness of fit of experimental results on the adsorption isotherm models [8,29]. The values of correlation co-efficient (R?%)
for Freundlich isotherm model is higher than the Langmuir isotherm model [9,10]. This shows that the experimental data was
better explained by the Freundlich isotherm model (R?=0.963 to 0.983) compared to the Langmuir isotherm model [3]. This
indicates that the adsorption of Malachite green dye on copper pod flower takes place as monolayer adsorption on the
adsorbent surface, homogenous in adsorption affinity.

Conclusion
e The adsorption of Malachite green dye from aqueous solution using copper pod flower as the low-cost adsorbent was
investigated in batch process.
e The adsorption process was contact time, adsorbent dosage, pH, and initial metal ion concentration dependent.
e The equilibrium adsorption isotherm data was best represented by Freundlich isotherm model better than Langmuir

isotherm model.

11
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e From the Kinetic data, it was found that adsorption of Malachite green dye using activated carbon is explained well by

pseudo-second order kinetic model.

e Kinetic data results indicate that intraparticle diffusion is not only the rate limiting step of the adsorption process.

e R, values indicate favorable adsorption process.

o  From the experimental results, it was observed that the optimum pH was found to be pH=7.

e Kinetic and equilibrium data revealed that dye removal by the studied adsorbents proceeded through physical

adsorption and chemical adsorption mechanisms.

e Finally, the results clearly indicated that copper pod flower could be used as an alternative to highly efficient low cost

and abundant materials for removal of Malachite green dye from contaminated aqueous solutions.
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