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Kinetic and Equilibrium Adsorption Studies of
Methylene Blue from Agueous Solution Using
Low-Cost Adsorbent
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Abstract--- This study investigates the potential use of activated carbon prepared from copper pod flowers for
the removal of methylene blue dye from simulated wastewater. The parameter studied included contact time, initial
dye concentration, carbon dosage, temperature, and pH. The characterization of the adsorbent was carried out
using Fourier transform infrared spectroscopy, scanning electron microscope, and X-ray diffraction data. The
kinetic data were modeled using pseudo-first-order model, pseudo-second-order kinetic model, and intraparticle
diffusion. The adsorption followed second-order rate equation. The adsorption equilibriums were analyzed with
Langmuir and Freundlich isotherms. The experimental data were better interpreted by Freundlich isotherm model
Langmuir isotherm model. Adsorption capacity values obtained from the Activated carbon developed from the
copper pod flowers can be used as an alternative to highly efficient and low-cost abundant materials for methylene

blue dye removal from wastewater.

Keywords--- Adsorption, Percentage Dye Removal, Kinetics, Isotherm, Copper Pod.

I. INTRODUCTION

Dye wastewater discharged into environmental water bodies deteriorates the water quality and light penetration,
and may cause a significant impact on human health (Vadivelan and kumar, 2005). In addition, most of the dyes or
their metabolites are toxic, carcinogenic, mutagenic, or teratogenic [Jan et al.2008)(Jayaranajn et al.2011).Several
chemical, biological, and physical methods have been used for dye wastewater treatment (Guo et al.2003).
Conventional methods used to treat colored effluents are coagulation, flocculation, ultra-filtration, membrane
technology, electrochemical techniques, reverse osmaosis, biological process, chemical reaction, photo-oxidation,
and precipitation (Wang et al.2005) . Most of these methods are expensive due to their high capital and operational
costs (Sarioghu and Atay, 2006). Therefore, there is a need to search for a new and economical process that could
remove dyes that are commonly used in the industry. Among various methods, adsorption occupies a prominent
place in dye removal (Namasivayam et al.2001). Adsorption techniques are widely used to remove certain classes of
pollutants from waters; especially those that are not easily biodegradable. There are many advantages of adsorption
process, such as requirement of less land area, lower sensitivity to diurnal variation, resistance to toxic chemicals,

greater flexibility in the design and operation, and superior removal of organic contaminants. Adsorption process is
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an effective and low-cost physical and chemical method for removing dyes from wastewater (Tehrani — Bagha et
al.2011). In the past years, several investigations reported the removal of dyes using activated carbons developed
from industrial or agricultural wastes (Salleh et al.2011). Activated carbon is the most widely used adsorbent in the
industries due to its capability to adsorbing many types of dyes with high adsorption capacity. Generally, a low-cost
adsorbent can be defined as the one that requires little processing and is abundant in nature. Agricultural by-products
and industrial waste can be seen as having a great potential to be developed as a low-cost adsorbent. Natural
adsorbents play an important role in removing dyes from wastewater; such adsorbents include activated corn husk
carbon (Khodaie et al.2013), jute fiber (Senthilkumar et al.2005), wheat shells (Bulut and Audin, 2006),rice
husk(Malik, 2003), bamboo dust(Kannan and Sundaram,2011), sugarcane(Ho et al.2005), fly ash (Janos et al.2003),
bottom ash(Dincer at al.2007), clay(Ozdemir et al.2004), peanut hull(Gong et al.2005), lemon
peel(Kumar,2007),peat of Brunei Darussalam Il1(Chieng et al.2013), Artocarpuscamansi Blanco core (Lim et
al.2016), and Cempedak durian(Dahri et al.2015).

The objective of this study was to investigate the ability of copper pod flower for the removal of methylene blue
from aqueous solution. Literature survey revealed that numerous biological materials have been used as adsorbents.
However, no study has reported the adsorption of methylene blue dye by activated carbon prepared from copper
pod. The effects of various operating parameters such as initial pH, dye concentration, and adsorption temperature

on the adsorption were investigated in controlled batch experiments.

Il. MATERIALS AND METHODS
2.1 Preparation of adsorbents

The copper pod flowers were collected locally and were thoroughly washed twice by ordinary tap water and
distilled water to remove dust and other impurities. The washed materials were dried in sunlight to evaporate the
moisture present in them. The dried materials were kept in a muffle furnace. The carbonized material was ground
and sieved to 125-um particle size. The sieved adsorbent sample prepared was kept in a plastic container for use in

adsorption studies.
2.2 Preparation of adsorbate

A stock solution of 1000mg/L methylene blue was prepared by dissolving 1 g methylene blue dye in 1L distilled
water. Other concentrations (10, 20, 30, 40, and 50 mg/L) were obtained from this stock solution by serial dilution.
All working solutions used in tests were prepared by diluting the stock solution with distilled water to get the
appropriate concentration. The methylene blue dye concentration in supernatant solution was determined using

UV/visible spectrometer at a Amax value of 663nm. All chemicals used in this study were of analytical reagent grade.
2.3 Adsorption experiment

Adsorption experiments were performed following the batch technique to obtain rate and equilibrium data. The
adsorption parameters such as contact time, initial dye concentration, pH, and temperature were studied. The
experiments were carried out in 150ml conical flasks by mixing a preweighed amount of adsorbent with 50ml of

methyelene blue dye solution. The adsorbent dosages on dye removal were checked from 0.1 to 1g for better
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adsorption. The isotherm study was carried out at different temperatures ranging from 30 to 60°C with the initial dye
concentrations of 10-50mg/L. The kinetic study was conducted by varying time from 0 to 100min. The isotherm
study was carried out with different initial dye concentrations of 10-50mg/L.The kinetics of adsorption was
measured by varying time intervals ranging from 0 to 100 min. The effect of pH in the range from 2 to 12 was
analyzed on the adsorption of methylene blue dye. The pH of the solution was controlled with 0.1M HCI or 0.1M
NaOH solution by using a pH meter (pH 510; Eutech Instrument). The equilibrium adsorption capacity was

calculated as follows:

(Co—=Ce)V
e = OT (1)

Where g, is the equilibrium adsorption capacity (mg/g), C, and C, are the initial and equilibrium concentrations
(mg/L) of dye solution used, V is the volume of the dye solution used (mL), and M is the weight of adsorbent used

(9)-

111.RESULTS AND DISCUSSION
3.1 Effect of contact time and initial dye concentration
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Figure 1: Effect of initial concentrations on the adsorption of methylene blue onto copper pod.

The effect of contact time on the percentage removal of methylene blue by copper pod flowers from aqueous
solution at different concentrations is shown in Figure 1. It can be seen that the percentage removal of methylene
blue increases rapidly with an increase in contact time and attains equilibrium after 100 min (Hameed et
al.2006)(Bazrafshan et al.2017). The result indicates that the adsorption takes place rapidly at the initial stage on the
external surface of the adsorbent followed by a slower internal diffusion process, which may be the rate-determining
step. In addition, the fast adsorption at the initial stage also may be because a large number of binding sites are
available for adsorption (Jamasiah et al.2005). The results indicate that for lower initial dye concentration, the
adsorption is fast. The percentage dye removal decreases with increase in initial concentration and takes longer time

to reach equilibrium because of the fact that with increase in concentration of dye, there will be increased
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competition for the active adsorption sites and the adsorption process will increasingly slow down. This explains the

more adsorption time for higher concentration.
3.2 Effect of adsorbent dosage

Adsorbent dose is an important parameter influencing adsorption process because it determines the adsorption
capacity of an adsorbent. The effect of adsorbent dosage with activated carbon used as adsorbent for removal dye is
shown in Figure 2. From the figure, it is readily understood that increased adsorbent dosages increase the percentage
removal of dye (Gupta et al.2004)(Asfaram et al.2017).This is due to the increase in the surface area of adsorbent

from 0.1 to 1.0 g and availability of more binding sites (Emad et al.2006).
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Figure 2: Effect of adsorbent dosages on the adsorption of methylene blue onto copper pod.
3.3 Effect of pH

The effects of pH on the percentage removal of methylene blue dye are shown in Figure 3. From the figure, it is
clear that the percentage of dye removal increases up to pH 7 and it decreases gradually until pH 12. Removal of
dyes occurs at pH 7 when the concentration of dye is increased from 10 to 50 mg/L (Gupta et al.1997) (Bagheri et
al.2016).The surface charge of adsorbent may get negatively charged at lower pH and positively charged at higher
pH. In addition, the negative charge in acidic medium and the positive charge in basic medium develop on the
adsorbent surface. It can be explained by the formation of electrostatic forces of attraction between negatively
charged adsorbent surface and cationic methylene blue at lower pH (Gupta et al.2011). At high pH, the adsorbent
surface becomes positively charged and high concentration of H" ions that compete with cationic methylene blue
dye causes decrease in dye uptake (Kadirvelu et al.2003) (Dil et al.2017). The reduction in methylene blue dye

removal could be due to the reduction of color intensity of the dye itself (Mittal, 2006).
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Figure 3: Effect of pH on the adsorption of methylene blue onto copper pod.
3.4 Effect of temperature

The effect of temperature on the percentage of dye removal is shown in Figure4. The result shows that the
equilibrium adsorption capacities of methylene blue dye decreased while increasing the solution temperature from
30 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 (Rahman et al.2005). The maximum percentage removal of methylene
blue dye is observed at 30°C. Therefore, the result indicates that the adsorption reaction of methylene blue adsorbed

by copper pod flower is exothermic in nature (Senthil kumar et al.2005).

100

% M

o H_H—H—H_H ——30°C
— 70 ==X
S 60 . . DI —8—40°C
2 r— : Y '
E 50 —4—45°C
g’ 40 —=50°C
S 30

20 —H=55°C

13 —8—60°C

0 10 20 30 40 50 60 70 80 9 100
Time (min)

Figure 4: Effect of temperature on the adsorption of methylene blue onto copper pod.

3.5 Scanning electron microscope analysis

The scanning electron microscope (SEM) image of the adsorbent is shown in Figure5. The figure shows wide
varieties of pores on the adsorbent surface (Kumar, 2007).Pore development in an adsorbent is important because
pores act as binding sites (Khafri et al. 2017). Pores formed on the surface of an adsorbent are binding sites for dye

to be adsorbed onto the adsorbent.
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Figure 5: SEM images of activated carbon.
3.6 Powder X-ray diffraction study

The powder X-ray diffraction spectrum of the adsorbent is shown in Figure6. This spectrum clearly shows broad
peaks, indicating the presence of amorphous form of carbon which is disorderly stacked up by carbon rings (Sharma
et al.2010).
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Figure 6: XRD pattern for the prepared activated carbon

3.7 Fourier transform infrared spectroscopy analysis

The Fourier transform infrared spectroscopy (FTIR) spectra of the copper pod flower and the dye-loaded copper
pod flower are shown in figure 7 & 8. The adsorbent spectrum was measured within the range of 4000-400 cm™

wave number. The absorption peak around 3437cm™ could possibly be due to the presence of OH groups. The peaks
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observed at 2924.09cm™ can be assigned to stretching vibration of the C—H group. The absorption peaks at 1847.81,
1620.21, and 1033.85 cm™ are associated with the presence of C=0, C=C, and C-O bonds, respectively. These
bands shifted to higher frequencies after adsorbing the dyes, which indicated an aromatic carbon or carbonyls could
combine with the dye molecules on the surface of the activated carbon (Jain et al. 2006). The band at 1161.15 cm™
may belong to C-O stretching in alcohol or ether or hydroxyl groups. It could be seen that the absorbance peaks in
dye-loaded copper pod flower shifted to 1165.0 cm™ for methylene blue (Mckay et al.1998) (Venceslau et al.1994).

The above results indicate that functional groups on the surface of copper pod flower affected the adsorption

process.
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Figure 7: FTIR spectrum of activated carbon.
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Figure 8: FTIR spectrum of methylene blue dye-loaded activated carbon.
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3.8 Analysis of adsorption kinetics

Adsorption kinetics are used to examine the rate of the adsorption process and rate-controlling step (Bagheri et
al.2017). Various kinetic models can be used to analyze the adsorption process. The pseudo-first-order, pseudo-

second-order, and intraparticle diffusion models were used to analyze the experimental data.
3.8.1 Pseudo-first-order equation

The pseudo-first-order equation is expressed as follows:

k1t

log(qe — q.) = logge — 55 (1)

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

andk; is the pseudo-first-order rate constant (min™?).

A plot of log(q. — q,) versus time (t) gives a linear line and is shown in Figure7. The values of g, and k;can be
determined from the slope and intercept of the plot, respectively, and are given in Tablel. From the table, it can be
seen that the experimental g, values are not close to the calculated g, values obtained from the linear plots (Asku et
al.1992). It suggests that the adsorption of methylene blue dye on copper pod flower did not follow the pseudo-first-

order reaction.
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Figure 9: Pseudo-first-order kinetics for adsorption of methylene blue onto the prepared activated carbon at 30°C.

3.8.2. Pseudo-second-order equation

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

t 1 t

LI @

ac ka2 ' qe
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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/qg),

andk, is the pseudo-second-order rate constant (min?).

A plot oquversus t should give a linear relationship and is shown in Figure8. q. and k,values can be calculated
t

from the slope and intercept of the plot. The pseudo-second-order rate constant, correlation coefficients (R?),

experimental data (g.), and calculated g, values are shown in Tablel. From the table, the correlation coefficients

(R? values for the pseudo-second-order kinetic model reveal the applicability of the pseudo-second-order kinetic

model to describe the adsorption process (Tehrani — Bagha et al.2011). In view of these results, it can be concluded

that the pseudo-second-order kinetic model provided a good correlation for the adsorption of methylene blue dye

onto copper pod flower in contrast to the pseudo-first-order kinetic model.
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Figure 10: Pseudo-second-order kinetics for adsorption of methylene blue onto prepared activated carbon at 30°C.

Table 1: Results of kinetic plots for the adsorption of methylene blue onto copper pod flower.

Concentration (mg/L) 10 20 30 40 50
Pseudo-first-order

Qeexp (PPM) 8.80 1841 | 27.33 | 38.31 | 48.17
Qecat (PPM) 2.89 6.69 11.11 | 11.24 | 14.89
k1(ppm) 0.0138 | 0.0207 | 0.0230 | 0.0230 | 0.0276
R 0.571 | 0.864 | 0.882 | 0.939 | 0.903
Pseudo-second-order

Qecat (PPM) 9.80 19.23 | 28,57 | 40.00 | 50.00
Ko(ppm) 0.0089 | 0.0065 | 0.0042 | 0.0043 | 0.0038
R 0.994 | 0.993 | 0991 | 0.995 | 0.997
Intraparticle

C 4106 | 11.32 | 16.78 | 27.14 | 34.84
Kq4 (mg/g-min) | 0492 | 0.675 | 0.996 | 1.039 | 1.309
R 0.981 | 0976 | 0.955 | 0.960 | 0.980
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3.8.3 Intraparticle diffusion studies

The intraparticle diffusion model is used for confirming the mechanism of the adsorption process. Intraparticle

diffusion (kq) is expressed as follows:
.= kqt*/? (3)

Where g, is the amount adsorbed (mg/g) at time t (min) and k4 is the rate constant of intraparticle diffusion

(mg/g-min).

The plot of amount adsorbed (q;) versus time gives a straight line and is shown in Figure9.The rate constant of
intraparticle diffusion (k4q) can be determined from the slope of the straight line and the values are given in
Tablel.When the plots do not pass through the origin, the linear portion of the plot does not pass through the origin,
suggesting that some degree of boundary layer control. This further shows that the intraparticle diffusion was not the
only rate-limiting step (Gong et al.2006). This variation from the origin may due to the variation of mass transfer in
the initial and final stages of adsorption. The high correlation coefficient (R?) values (R’= 0.955-0.981) obtained at
each concentration prove that the pore diffusion plays a significant role for the adsorption of methylene blue dye

onto copper pod flower.
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Figure 11: Intra particle diffusion for the adsorption of methylene blue onto the prepared activated carbon at 30°C.

3.9 Adsorption isotherm

The adsorption isotherm describes the mechanism of the adsorption process between the adsorbate and the
adsorbent. There are several isotherm equations. For this study, Langmuir and Freundlich isotherms were used. The
Langmuir isotherm assumes that the adsorption process takes place as a homogeneous monolayer of adsorbate on

the outer surface of the adsorbent, and after that no further adsorption occurs.
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3.9.1 Langmuir isotherm

The Langmuir isotherm equation is expressed as follows:

R ()

qe Qob Qo
Whereg, is the amount of dye adsorbed at equilibrium (mg/g), C.is the equilibrium concentration of dye solution

(mg/L), Q, is the Langmuir constant related to adsorption capacity (mg/g), and b is the Langmuir constant related to

rate of adsorption(L/mg).
A linear plot obtained for Langmuir isotherm is shown in Figurell. A plot of ;—e versus C, gives a straight line

with slope of Qiand intercept of Qib.The constantQ, and b values can be calculated from slope and intercept of the
0 0

plots are given in Table2.
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Figure 12: Langmuir isotherm for the adsorption of methylene blue onto the prepared activated carbon.

Table 2: Langmuir and Freundlich isotherm constants for the adsorption of methylene blue onto copper pod flower.

Langmuir Isotherm Constants  Freundlich Isotherm Constants

Temp.(°C) Rz Q,(mg/g) b(Umg) RZ  n ke (mg/L)
30 0.746 100.00 0.0909 0.978 0.7032 8.184
40 0.542 90.90 0.0429 0.939 0.7163 2.773
45 0.766 50.00 0.0442 0.961 0.6226 1.051
50 0.786 19.23 0.0537 0.947 0.4452 0.153
55 0.730 11.11 0.0446 0.905 0.4053 0.036
60 0.751 5.78 0.0480 0.915 0.3201 0.004

The essential characteristics of Langmuir equation can be expressed in terms of dimensionless separation factor
(RL) and can be expressed by the following equation:

1

R, =
LT 1460,
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Where C, is the initial concentration of dye solution (mg/L) and b is the Langmuir constant. R, values indicate
the type of the adsorption isotherm to be linear (R. =1), favorable (0O<R <1), unfavorable (R _>1), or irreversible
(R_=0).Table 3 shows the values of R at different temperatures, which are in the range between 0 and 1, indicating

the favorable adsorption process (Velmurugan et al.2011).

Table 3: R values at various initial dye concentrations.

Initial Dye R, Value

Concentration (ppm) 30°C  40°C  45°C  50°C 55°C  60°C
10 0.5238 0.6964 0.6932 0.6505 0.6912 0.6754
20 0.3548 0.5378 0.5305 0.4820 0.5281 0.5099
30 0.2682 0.4368 0.4296 0.3829 0.4273 0.4095
40 0.2156 0.3678 0.3610 0.3175 0.3588 0.3422
50 0.1803 0.3176 0.3112 0.2713 0.3092 0.2938

3.9.2 Freundlich isotherm

The Freundlich isotherm model is an empirical equation assuming that the adsorption process takes place on a

heterogeneous surface through a multilayer adsorption mechanism. It is generally expressed as

logq. = logk; + (%)IogCe (7
Where g, is the amount of dye adsorbed (mg /g), C.is the equilibrium concentration of dye solution (mg /L), k¢
is the Freundlich adsorption constant related to the adsorption capacity of adsorbent, and n is the adsorption

intensity.

A plot of logg. versus logC, gives a straight line with slope and intercept and is shown in Figure2. The values of

k¢ and n can be determined from the slope and intercept of the plot and are listed in Table2.
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Figure 13: Freundlich isotherm for the adsorption of methylene blue onto the prepared activated carbon.
In general n > 1 illustrates that dye is favorably adsorbed on the adsorbent surface whereas n< 1 shows the
adsorption process is chemical in nature (Dojan et al.2000). The value of n ranging between 0 and 1 is a measure of

adsorption intensity, becoming more heterogeneous as its value gets closer to 0 (Dahri et al.2014).1n this study, the

Received: 19 Sept 2019 | Revised: 20 Oct 2019 | Accepted: 20 Nov 2019 1733



International Journal of Psychosocial Rehabilitation, Vol. 23, Issue 04, 2019
ISSN: 1475-7192

values found for n were around 0.3201-0.7163, which proves that adsorption conditions are favorable and the
process is chemical in nature. The Freundlich adsorption constant (k¢) decreases with incremental temperature. The
correlation coefficient (R?) values for Freundlich isotherm model are higher than those of the Langmuir isotherm.
The values of correlation coefficient (R?) are closer to unity (R?= 0.905-0.978), which indicates the data are also
well described by the Freundlich isotherm model. The results suggest that there is better fitting of the Freundlich
isotherm model than the Langmuir isotherm model. This indicates that the adsorption of methylene blue dye on

copper pod flower takes place as multilayer adsorption on the surface of the adsorbent.

IV. CONCLUSIONS

In this study, copper pod flowers were successfully used for the removal of methylene blue dye from aqueous
solution. It was found that pH 7and temperature 30°C are optimum for the removal of methylene blue dye from
aqueous solution. The equilibrium adsorption of methylene blue onto copper pod flowers was suitably described by
the Freundlich isotherm model than the Langmuir isotherm model. The adsorption process was best explained by the
pseudo-second-order kinetics and the intraparticle diffusion model. The shifting of peaks in FTIR spectrum
confirmed the adsorption of methylene blue dye onto copper pod flower. The SEM study also supported it by
observing difference in the surface morphology of the adsorbent. The adsorption process was contact time,
adsorbent dosage, pH, and initial metal ion concentration dependent. The equilibrium adsorption isotherm data were
best represented by the Freundlich isotherm model better than the Langmuir isotherm model. From the kinetic data,
it was found that adsorption of methylene blue dye using activated carbon is explained well by the pseudo-second-
order kinetic model. Kinetic data results indicate that intraparticle diffusion is not the only rate-limiting step of the
adsorption process. R values indicate favorable adsorption process. From the experimental results, it was observed
that the optimum pH was 7.Findings indicated that the waste materials of copper pod flower could be used as an
alternative to highly efficient low-cost and abundant materials for removal of methylene blue dye from contaminated

aqueous solutions.

ACKNOWLEDGMENTS
The authors wish to acknowledge the Principal and the Head, Department of Chemistry, PSG College of Arts

and Science, Coimbatore, Tamil Nadu, India, for providing laboratory facilities for the work. They also thank all the

faculty members for their help during the project.

REFERENCES

[1]  Asfaram, A, Ghaedi, M, Azghandi, M.H.A, Goudarzi, A. and Hajati S. Ultrasound-assisted binary
adsorption of dyes onto Mn@ CuS/ZnS-NC-AC as a novel adsorbent: application of chemometrics for
optimization and modeling, J. Indust. Eng. Chem, 54,377-388(2017).

[2]  Asku, Z., The biosorption of Cu (I1) by C. vulgaris and Z. ramigera, Environ Technol, 13,579-586(1992).

[3] Bagheri, A.R, Ghaedi, M, Asfaram, A, Hajati, S Ghaedi, A.M, Bazrafshan A. and Rahimi, M.R., Modeling
and optimization of simultaneous removal of ternary dyes onto copper sulfide nanoparticles loaded on
activated carbon using second-derivative spectrophotometry, J. Taiwan Inst. Chem. Engineer, 65,212-224
(2016).

Received: 19 Sept 2019 | Revised: 20 Oct 2019 | Accepted: 20 Nov 2019 1734



International Journal of Psychosocial Rehabilitation, Vol. 23, Issue 04, 2019
ISSN: 1475-7192

[4]

(5]

(6]
[7]

(8]

(9]

[10]

[11]
[12]

[13]

[14]
[15]
[16]
[17]

(18]

[19]

[20]
[21]
[22]
[23]
[24]
[25]

[26]

Bagheri, A.R, Ghaedi, M, Asfaram, A, Jannesar, R. and Goudarzi, A., Design and construction of nanoscale
material for ultrasonic assisted adsorption of dyes: application of derivative spectrophotometry and
experimental design methodology, Ultrasonics Sonochem, 35,112-123(2017).

Bazrafshan, A.K, Ghaedi, M, Hajati, S, Naghiha, R. and Asfaram, A. Synthesis of ZnO-nanorod-based
materials for antibacterial, antifungal activities, DNA cleavage and efficient ultrasound-assisted dyes
adsorption, Ecotoxicol. Environ. Safety, 142,330-337(2017).

Bulut, Y. and Audin, H., A kinetics and thermodynamics study of methylene blue adsorption on wheat
shells, Desalination, 194,259-267(2006).

Chieng, H.I, Lim, L.B.L., Priyantha, N.and Tennakoon, D.T.B., Sorption characteristics of peat of Brunei
Darussalam I11: equilibrium and kinetics studies on adsorption of crystal violet (CV), Int. J. Earth Sci. Eng,
6,791-801(2013).

Dahri, M.K, Kooh, M.R.R.and Lim, L.B.L., Water remediation using low cost adsorbent walnut shell for
removal of malachite green: equilibrium, kinetics, thermodynamic and regeneration studies, J Environ Chem
Eng, 2, 1434-1444(2014).

Dahri, M.K, Lim, L.B.L. and Mei, C.C., Cempedak durian as a potential biosorbent for the removal of
Brilliant Green dye from aqueous solution: equilibrium, thermodynamics and kinetics studies, Environ.
Monitor. Assess, 187, 13(2015).

Dil, E.A, Ghaedi, M.and Asfaram, A., The performance of nanorods material as adsorbent for removal of
azo dyes and heavy metal ions: application of ultrasound wave, optimization and modeling, Ultrasonics
Sonochem, 34,792-802(2017).

Dincer, A.R, Gunes, Y, Karakaya, N.and Gunes, E., Comparison of activated carbon and bottom ash for
removal of reactive dye from aqueous solution, Bioresour Technol, 98,834-839(2007).

Dojan, M, Alkan, M.and Onganer, Y., Adsorption of methylene blue from aqueous solution onto perlite,
Water Air Soil Pollut, 120, 229-249 (2000).

Emad, N, Stephen, J. and Gavin, M., Adsorption of methylene blue onto activated carbon produced from
steam activated bituminous coal: a study of equilibrium adsorption isotherm, Chem. Eng. J, 24,103-110
(2006).

Gong, R, Ding, Y, Li, M, Yang, C, Liu, H. and Sun,Y., Utilization of powdered peanut hull as biosorbent for
removal of anionic dyes from aqueous solution, Dyes Pigments, 64,187-192(2005).

Gong, R, Jin, Y, Chen, F.and Chen, J., Enhanced malachite green removal from aqueous solution by citric
acid modified rice straw, J Hazard Mater, 137, 865-870 (2006).

Guo,Y, Yang, S. and Wang Z., Adsorption of malachite green on micro and mesoporous rice husk based
activated carbon, Dyes Pigments, 56,219-229(2003).

Gupta, N, Kushwaha, A.K. and Chattopadhyaya, M.C., Kinetics and thermodynamics of malachite green
adsorption on banana pseudo-stem fibers, J Chem Pharm 3,284-296(2011).

Gupta, V.K, Mittal, M, Krishnan, L. and Gajbe, V., Adsorption kinetics and column operations for the
removal and recovery of malachite green from wastewater using bottom ash, Separa Puri Technol, 40, 87—
96 (2004).

Gupta, V.K, Srivastava, S.K.and Mohan, D., Equilibrium uptake, sorption dynamics, process optimization
and column operations for the removal and recovery of malachite green from wastewater using activated
carbon and activated slag, Ind Eng Chem Res, 36,2207-2218(1997).

Hameed, B.H, Ahmad, A.K.and Latiff, K.N.A., Adsorption of basic dye (methylene blue) onto activated
carbon prepared from rattan sawdust, Dyes Pigments, 75,143-149(2006).

Ho,Y.S, Chiv, W.T. and Wang, C.C., Regression analysis for the sorption isotherms of basic dyes on
sugarcane dust, Bioresour Technol, 96,1285-1291(2005).

Jain, A K, Gupta, V.K, Bhatnagar, A. and Suhas., Utilization of industrial waste products as adsorbents for
the removal of dyes, J Hazard Mater, 101, 31-42(2006).

Janos, P, Buchtova, H. and Ryznarova, M., Sorption of dyes from aqueous solutions onto fly ash, Water Res,
37, 4938 — 4944(2003).

Jayaranjan, M, Arunachalam, R. and Annadurai G., Use of low cost nano-porous materials of pamelo fruit
peel wastes in removal of textile dye, Res J Environ Sci, 55,434-443(2011).

Jumasiah, Chuah, T.G, Gimbon, J, Choong, T.S.Y. and Aznil., Adsorption of basic dye onto palm kernel
shell activated carbon: sorption equilibrium and kinetics studies, Desalination, 186,57-64(2005).

Kadirvelu, K, Kavipriya, M, Karthika, C, Radhika, M, Vennilamani, N. and Pattabhi, S., Utilization of
various agricultural wastes for activated carbon preparation and application for the removal of dyes and
metals ions from aqueous solutions, Bioresour Technol, 87,129-132(2003).

Received: 19 Sept 2019 | Revised: 20 Oct 2019 | Accepted: 20 Nov 2019 1735



International Journal of Psychosocial Rehabilitation, Vol. 23, Issue 04, 2019
ISSN: 1475-7192

[27]

[28]

[29]
(30]
[31]

[32]

[33]
[34]
[35]
[36]
[37]

[38]

[39]

[40]
[41]

[42]
[43]
[44]
[45]
[46]
[47]
[48]
[49]
[50]
[51]
[52]

[53]

Kannan, N. and Sundaram, M.M., Kinetics and mechanisms of removal of methylene blue by adsorption on
various carbons—a comparative study, Dyes Pigments, 51, 25-40(2011).

Khafri, H.Z, Ghaedi, M, Asfaram, A. and Safarpoor, M., Synthesis and characterization of ZnS: Ni-NPs
loaded on AC derived from apple tree wood and their applicability for the ultrasound assisted comparative
adsorption of cationic dyes based on the experimental design, Ultrasonics Sonochem, 38, 371-380(2017).
Khodaie, M, Ghasemi, N, Moradi, B. and Rahimi, M., Removal of methylene blue from wastewater by
adsorption onto ZnCl, activated corn Husk carbon equilibrium studies, J. Chem, 213,1- 6(2013).

Kumar, K.V., Optimum sorption isotherm by linear and non-linear methods for malachite green onto lemon
peel, Dyes Pigments, 74,595-597(2007).

Kumar, K.V., Optimum sorption isotherm by linear and non-linear methods for malachite green onto lemon
peel, Dyes Pigments, 74,595-597(2007).

Lim, L.B.L., Priyantha, N., Chieng, H.l. and Dahri, M.K., Artocarpuscamansi Blanco (Breadnut) core as
low-cost adsorbent for the removal of methylene blue: equilibrium, thermodynamics and kinetics studies,
Desalin. Water Treat, 57, 5673-5685(2016).

Malik, P.K., Used activated carbons prepared from sawdust and rice-husk for adsorption of acid dyes: a case
study of acid yellow 36, Dyes Pigments, 56, 237-249(2003).

McKay, G, Porter, J.F. and Prasad, G.R., The removal of dye colours from aqueous solutions by adsorption
on low-cost materials, Water Air Soil Pollut, 114,423-438(1998).

Mittal, A., Adsorption Kkinetics of removal of a toxic dye, malachite green, from waste water by using hen
feathers, J Hazard Mater, 113,196-202(2006).

Namasivayam, C, Radhika, R. and Subha, S., Uptake of dyes by a promising locally available agricultural
solid waste: coir pith, Waste Manag, 21,381-387(2001).

Ozdemir, O, Armagan, B, Turan, M., and Celik, M, S. Comparison of the adsorption characteristics of azo-
reactive dyes on mezoporous minerals. Dyes Pigments 2004; 62:49-60(2004).

Rahman, I.A, Saad, B, Shaidan, S.and Sya Rizal, E.S., Adsorption characteristics of malachite green on
activated carbon derived from rice husks produced by chemical-thermal process, Bioresour Technol,
96,1578-1583(2005).

Salleh, M.A.M, Mahmoud, D.K, Karlin, W.A. and Idris. A., Cationic and anionic dye adsorption by
agricultural solid wastes: a comprehensive review, Desalination, 280, 1-13(2011).

Sarioglu, M. and Atay, U., Removal methylene blue by using biosolid, Global Nest J, 8,113 —120(2006).
Senthilkumaar, S, Varadarajan, P.R, Porkodi, K. and Subburaam, C.V., Adsorption of methylene blue onto
jute fiber carbon: kinetics and equilibrium studies, J Colloid Interface Sci, 284, 78-82(2005).

Senthilkumar, S, Varadarajan, P.R, Porkodi, K. and Subhuraam, CV., Adsorption of methylene blue onto
jute fiber carbon: kinetics and equilibrium studies, J. Colloid Interface Sci, 284:78-82(2005).

Sharma, P, Singh, L.and Mehta, J., COD reduction and colour removal of simulated textile mill wastewater
by mixed bacterial consortium, Rasayan J Chem, 3,731-735(2010).

Tan, LA.W. Ahmad A.L. and Hameed B.H., Adsorption of basic dye using activated carbon prepared from
oil palm shell: batch and fixed bed studies, Desalination, 225, 13—-28(2008).

Tehrani-Bagha, A.R, Nikkar, H, Mahmoadi, N.M, Markazi, M. and Menger, F.M., The sorbtion of cationic
dyes onto kaolin: kinetic, isotherm and thermodynamic studies, Desalination, 266,274-280(2011).
Tehrani-Bagha, A.R, Nikkar, H, Mahmoadi, N.M, Markazi, M.and Menger, F.M., The sorbtion of cationic
dyes onto Kaolin: kinetic, isotherm and thermodynamic studies, Desalination, 266,274—-280(2011).
Vadivelan, V. and Kumar K.V., Equilibrium, Kkinetics, mechanism and process design for the sorption of
methylene blue onto rice husk, J Colloid Interf Sci, 286, 90-100 (2005).

Velmurugan, P, Kumar, V.R.and Dhinakaran, G., Dye removal from aqueous solution using low cost
adsorbent, Int J Environ Sci, 7,1492-1503(2011).

Venceslau, M.C, Tom, Sand Simon, J.J., Characterization of textile wastewaters—a review, Environ
Technol, 15, 917-929(1994).

Wang, S, Boyjoo Y. and Choueib A., A comparative study of dye removal using fly ash treated by different
methods Chemosphere, 60, 1401-1407(2005).

Venkatesh Kumar, S. (2018). Comparative Analyses of Swarm Intelligence Methods for Dimensionality
Reduction in Hyper Spectral Images. Journal of Computational Information Systems, 14(3), 94 - 100.

Dr. Srivastava, S., Srivastava, K., Pandey, A., &Sharma, A. (2014). Data Mining in Telecommunication
Industries. International Journal of Advances in Engineering and Emerging Technology, 5(2), 75-79.
Mohankumar, T. (2014). Area-Efficient and High Speed Carry Select Adder. Excel International Journal of
Technology, Engineering and Management, 1(4), 108-111.

Received: 19 Sept 2019 | Revised: 20 Oct 2019 | Accepted: 20 Nov 2019 1736



International Journal of Psychosocial Rehabilitation, Vol. 23, Issue 04, 2019
ISSN: 1475-7192

[54]

[55]

[56]

[57]

[58]

[59]

[60]
[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]
[69]
[70]
[71]

[72]

[73]

[74]

[78]

Malathi Ravindran, R., & Dr. Thanamani, A.S. (2015). K-Means Document Clustering using Vector Space
Model. Bonfring International Journal of Data Mining,5(2), 10-14.

Alborji, B.,& Heibari, A.H.K. (2015). The simulation and analysis of the vacancy of 3- phase- 5 levels’
inverter with diodes’ cut topology (DCMLI) and sinusoidal pulses with modulations technique (SPWM).
International Academic Journal of Innovative Research, 2(9), 33-43.

Vani E., Rengarajan N. (2017). Improving the power quality of the wind power system using low cost
topology. International Journal of Modelling and Simulation, 37(2).

Jagan K., Sivasankaran S., Bhuvaneswari M., Rajan S. (2018). Effect of thermal radiation and slip on
unsteady 3D MHD nanofluid flow over a non-linear stretching sheet in a porous medium with convective
boundary condition. Journal of Physics: Conference Series, 1139(1).

Jamuna P., Ramesh S. (2018). Experimental Validation of Impedance Source Network Based Active Power
Filter for Interconnection of PV System into Grid. Journal of Circuits, Systems and Computers, 27(14).
Kumar S.S., Karthick M. (2018). An Secured Data Transmission in Manet Networks with Optimizing Link
State Routing Protocol Using ACO-CBRP Protocols. ICSNS 2018 - Proceedings of IEEE International
Conference on Soft-Computing and Network Security.

Rameshkumar, T., Rajendran, I., &Latha, A. D. (2010). Investigation on the mechanical and tribological
properties of aluminium-tin based plain bearing material. Tribology in industry, 32(2), 3-10.

E. Latha Mercy, R. Karthick and S. Arumugam, (2010). Fuzzy Controlled Shunt Active Power Filter for
Power Quality Improvement. International Journal of Soft Computing, 5(2), 35-41.

Sivasankaran, S., Sivakumar, V., & Prakash, P. (2010). Numerical study on mixed convection in a lid-driven
cavity with non-uniform heating on both sidewalls. International journal of heat and mass transfer, 53(19-
20), 4304-4315.

Kavitha, S., Karthikeyan, S., &Duraiswamy, K. (2010, July). Early detection of glaucoma in retinal images
using cup to disc ratio. In 2010 Second International conference on Computing, Communication and
Networking Technologies (pp. 1-5). IEEE.

Sengottaiyan, N., Somasundaram, R., &Arumugam, S. (2010, October). A modified approach for measuring
TCP performance in wireless adhoc network. In 2010 International Conference on Advances in Recent
Technologies in Communication and Computing (pp. 267-270). IEEE.

Ravi, S., &Balakrishnan, P. A. (2010, October). Modelling and control of an anfis temperature controller for
plastic extrusion process. In 2010 INTERNATIONAL CONFERENCE ON COMMUNICATION CONTROL
AND COMPUTING TECHNOLOGIES (pp. 314-320). IEEE.

Senthilkumar, J., Chandrasekaran, M., Suresh, Y., Arumugam, S., &Mohanraj, V. (2011). Advertisement
timeout driven bee's mating approach to maintain fair energy level in sensor networks. Applied Soft
Computing, 11(5), 4029-4035.

Peter, K. J., Glory, G. G. S., Arguman, S., Nagarajan, G., Devi, V. S., &Kannan, K. S. (2011, April).
Improving ATM security via face recognition. In 2011 3rd International Conference on Electronics
Computer Technology (Vol. 6, pp. 373-376). IEEE.

Samikannu, R., &Poonamallie, B. A. (2011). Design of synthetic optimizing neuro fuzzy temperature
controller for dual screw profile plastic extruder using labview. Journal of Computer Science, 7(5), 671-677.
Kavitha, S., &Duraiswamy, K. (2011). Adaptive neuro-fuzzy inference system approach for the automatic
screening of diabetic retinopathy in fundus images.

Ravi, S., Sudha, M., &Balakrishnan, P. A. (2011). Design of intelligent self-tuning GA ANFIS temperature
controller for plastic extrusion system. Modelling and Simulation in Engineering, 2011.

AntoBennet, M. JacobRaglend.[2012]‘A Novel Method Of Reduction Of Blocking Artifact Using Machine
Learning Metric approach’. Journal of Applied Sciences Research, 8(5), 2429-2438.

Senthilkumar, J., Chandrasekaran, M., Suresh, Y., Arumugam, S., &Mohanraj, V. (2011). Advertisement
timeout driven bee's mating approach to maintain fair energy level in sensor networks. Applied Soft
Computing, 11(5), 4029-4035.

Karthikeswaran, D., Sudha, V. M., Suresh, V. M., & Sultan, A. J. (2012, March). A Pattern based
framework for privacy preservation through Association rule Mining. In IEEE-International Conference On
Advances In Engineering, Science And Management (ICAESM-2012) (pp. 816-821). IEEE.

Suresh, V. M., Karthikeswaran, D., Sudha, V. M., &Chandraseker, D. M. (2012, March). Web server load
balancing using SSL back-end forwarding method. In IEEE-International Conference On Advances In
Engineering, Science And Management (ICAESM-2012) (pp. 822-827). IEEE.

Bennet, M. A., &Raglend, I. J. (2012). Performance, Analysis of Filtering Schedule Using Deblocking Filter
for the Reduction of Block Artifacts from MPEQ Compressed Document Images.

Received: 19 Sept 2019 | Revised: 20 Oct 2019 | Accepted: 20 Nov 2019 1737



International Journal of Psychosocial Rehabilitation, Vol. 23, Issue 04, 2019
ISSN: 1475-7192

[76]

[77]
[78]
[79]

(80]

[81]

(82]

(83]

(84]

(85]

(86]
(87]
(88]
(89]

[90]

Vijayakumar, J., &Arumugam, S. (2013, October). Certain investigations on foot rot disease for betelvine
plants using digital imaging technique. In 2013 International Conference on Emerging Trends in
Communication, Control, Signal Processing and Computing Applications (C2SPCA) (pp. 1-4). IEEE.
Gnanasaravanan, S., &Rajkumar, P. (2013). Characterization of minerals in natural and manufactured sand
in Cauvery River belt, Tamilnadu, India. Infrared Physics & Technology, 58, 21-31.

Kumar, T. S., &Sampath, V. R. (2013). Prediction of dimensional properties of weft knitted cardigan fabric
by artificial neural network system. Journal of Industrial Textiles, 42(4), 446-458.

AntoBennet M., Jacob Raglend I. (2013). Performance and analysis of compression artifacts reduction for
Mpeg-2 moving pictures using TV regularization method. Life Science Journal, 10(2):102-110.

Kumar, V., &Sampath, V.R. (2013). Investigation on the physical and dimensional properties of single
jersey fabrics made from cotton sheath-elastomeric core spun. Fibres& Textiles in Eastern Europe, (3 (99)),
73-75.

Ravi, S., Balakrishnan, P. A., Marimuthu, C. N., &Sujitha, C. (2014). Design of synthetic optimizing neuro
fuzzy temperature controller for twin screw profile plastic extruder using labview. Intelligent Automation &
Soft Computing, 20(1), 92-100.

Reka, M., &Shanthi, N. (2014). Relation based mining model for enhancing web document clustering. Int J
Eng Technol, 6(2).

Peter, K. J., Arumugam, S., &Kannan, K. S. (2014). Inter Channel Correlation based Demosaicking
Algorithm for Enhanced Bayer Color Filter Array. Research Journal of Applied Sciences, Engineering and
Technology, 7(15), 3049-3055.

Chandrasekar A., &Arumugam S.A fuzzy approach for representative node selection in cross layer TCP.
Journal of Theoretical and Applied Information Technology, 64(1), 1-15.

Shankar, S., Manikandan, M., &Kalayarasan, M. (2014). Dynamic contact analysis of total hip prosthesis
during normal active walking cycle. International Journal of Biomedical Engineering and Technology,
15(2), 114-127.

Kumar, S. S., &Kasthuri, N. (2014). A neuro fuzzy system based epileptic seizure detection in EEG signal
processing using multi user profile analysis model. Int. J. Appl. Eng. Res, 9(22), 14105-14120.

Manchula A., Arumugam S. (2014). Face and fingerprint biometric fusion: Multimodal feature template
matching algorithm. International Journal of Applied Engineering Research, 9(22):17295-17315.

Stanly Jayaprakash J., Arumugam S. (2014). Finger print recognition using contour identitiy cross detection
technique. International Journal of Applied Engineering Research, 9(22):17355-17369.

Deepa, A., &Marimuthu, C. N. (2014). Study of Reed Solomon Encoders and its architectures. International
journal of Applied Engineering Research, 20(9), 6855-6862.

Kumar S., Arumugam S. (2014). An approach to detect spam in e-mail using Bayesian shadow.
International journal of Applied Engineering Research, 9(24),30157-30165.

Received: 19 Sept 2019 | Revised: 20 Oct 2019 | Accepted: 20 Nov 2019 1738



	Introduction
	Materials And Methods
	Results And Discussion
	Conclusions
	Acknowledgments
	References

