Available online at www.pelagiar esear chlibrary.com

Pelagia Research Library

Der Chemica Sinica, 2011, 2 (4):6-11

Library Library
I SSN: 0976-8505
CODEN (USA) CSHIA5

Studies on the removal of acid dyes from aqueous solutions by
Ashoka leaf powder

Ratna S. Shelke, Jagdish V. Bharad?, Balaji R. Madje® and Milind B. Ubale™
Pemraj Sarda College, Ahmednagar (M. S.) India

®Post Graduate Department of Chemistry, Vasantraik N&havidyalaya, Aurangabad,
(M. S)) India

ABSTRACT

In the present work, the medicinal plant leafs siiéka [Polyathia lonifolia (sonn)] treated with
sulphuric acid and formaldehyde were used as amrdbest for the removal of acid blue, acid
red and malachite green from aqueous solution. ddisorption characteristics of all the three
acid dyes on activated Ashoka leaf powder (ALPevesaluated as a function of pH, adsorbent
dose, initial concentration of adsorbate, temperat he effective adsorption was found to be in
pH range 3.5 t07.2, adsorbent dose 0.5gms to 0.8initisl concentration (1 x 1®to 5 x 10
M) and Temperature range (308 to 318 K) The res@t®al that maximum adsorption of all
three acid dyes onto ALP is within the range of7B886 to 83.70%. The adsorption data fitted
well into Freundlich and Langmuir adsorption moddise results show that Ashoka leaf powder
holds a great potential in removal of acid dyesvirmdustrial wastewater.
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INTRODUCTION

Synthetic dyes have been increasingly used in e¢léld, paper, rubber, plastic, cosmetics,
pharmaceutical and food industries because of tese of use, inexpensive cost of synthesis,
stability and variety of color compared with natudges|[1-3]. Today there are more than 10,000
dyes available commercially[4] most of which aréfidult to biodegrade due their complex
aromatic molecular structure and synthetic origin[ehe extensive use of dyes often poses
pollution problems in the form colored wastewatescharge into environmental waterbodies
which interferes with transmission of sunlight irdreams, therefore, reduces photosynthetic
activity[6]. In addition, some dyes or their methtas are either toxic or mutagenic and
carcinogenic adverse effect of dyes on environnagnt human such as skin, lung and other
respiratory disorders are also reported [7®pnventional physico-chemical and biological
treatment methods are ineffective for the removatly@s due to the large degree of organics
present in these molecules [10-11], hence there avased for other effective methods.
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Adsorption techniques for wastewater treatment hHaeeome more popular in recent years
owing to their efficiency in the removal of polluts.

Activated carbon is the most widely used adsorbebhtommercially available activated carbons
are very expensive[12-13], consequently, many itiya®rs have studied feasibility of using
low cost substances such as rice husk[14], oraegé [A5] walnut shell charcoals [16], rice
bran[17],Euphoria antiquorum L Wood[18], Jute and Sunnhd®p[Teak leaves[20]. The main
objective of the work is to investigate the adsiomptproperties of Ashoka leaf powder for the
removal of acid dyes i.e. acid blue, acid red aradbohite green. The study includes adsorption
as a function of time, adsorbent dose and condeniraf dye solution, pH of the solution and
temperature of the system. The isotherm studies viilted for Freundlich and Langmuir
adsorption isotherm.

MATERIALSAND METHODS

Adsorbent

The adsorbent used in the present investigatiore Wweaves of Ashoka plants collected from
Ahmednagar District of Maharashtra State (Indid)e Teaves of Ashoka were dried in shadow
avoiding direct sunlight on them. The dried plagaves were grinded into powder and were
boiled in distilled water to remove the suspendest or one hour and filtered.

The residue left was treated with formaldehyde famally with very dilute solution of sulphuric
acid, stirred for 30 minutes vigorously using matbal stirrer at room temperature, it was
filtered and washed with distilled water repeatadlyemove free acid. After chemical treatment
residue were dried first in air and finally in ovan90-108C for 8-10 hours and powdered using
electric grinder. The homogeneous powder was tlesqul through mesh for desired patrticle
size (9.8 - 41.8 micron). The adsorbent once pezparere used throughout the experimental
work. The patrticle size selected for these expartse/ere on the basis of their settlement at the
bottom of the system, so that the portion of tHat&m could be taken out conveniently from the
supernatant liquid.

Preparation of Adsorbate Solution

Acid blue, acid red and malachite greeere the acid dyes selected for the present irgagstin.
The chemicals used were of Analar grade and us#twii further purifications. The solutions
were prepared in doubly distilled water. A distlllavater prepared by using first metal
distillation unit and then all quick fit glass asgdy in permangantic condition, wherever
necessary the prepared solutions were standardgpdr literature[21]

Batch Adsorption Experiments

Each batch adsorption study was carried out byaotinig activated Asoka leaf powder (ALP)
with acid dyes. i. e. acid blue, acid red and nfatacgreen under different conditions for 60
minutes in a glass tube. Stock solutions (1.0%1p were prepared by dissolving weighed
guantities of dyes in double distilled water. Tlom@entration of dye solution were determined
from calibration curve spectrophotometrically (Shtru-1211) at their respective wavelength,
i.e. acid blueXmax = 664nm), acid redunax = 548) and for malachite gre@m@x = 616nm).
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RESULTSAND DISCUSSION

Effect of pH

The initial pH value of the solution can signifitninfluence the adsorption of dyes. In the
present study the effect of pH on the amount of @yeoval was analyzed over the pH range
from 3.5 to 7.2 and is presented in graphical fagrgiven infigure 1. The adsorption at lower
pH may be attributed to the increase in the comagah of hydrogen ion in dye solution which
neutralizes hydroxyl group in the vicinity of adsent surface and facilitates the diffusion of dye
molecule towards the surface of adsorbent. Sindilainishing adsorption was also reported by
Bahadur et.al[22], at higher pH which may be duéh® availability of large number of OH
(hydroxyl ions) and consequently the diffusion karris increased which results in poor
adsorption. Our findings are in good agreement Withsad et.al[23]. The study restricted at
higher pH level upto 7.2 which may be attributedhte adsorbent which is a plant material and
consists of various organic acid components and le&y to the aqua complex formation and
thus retards dye adsorption onto the surface of .ADBr findings are supported by Mohan
et.al[24].
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Figure 1. Effect of pH on removal of dyes
Effect of Temperature
The data of dye adsorption onto ALP at differemhperature indicates a change in the dye
removal efficiency. This effect is shown kingure 2. The increase in the equilibrium adsorption
capacity of acid dyes indicates that a high tentpegaavors dye removal. Indeed by increasing
the temperature of the reaction from 308K to 318Ke percentage removal of all three acid
dyes average increased range was from 61.60% tt0%3.Consequently it is clear that
adsorption equilibrium is a thermo-dependent precéhis effect may be due to the fact that at
higher temperature, an increase in the movemettteofolute occurs. Similar findings are also
reported by other researchers [25].
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Figure 2. Effect of temperature on removal of dyes

Pelagia Research Library



Milind B. Ubale et al Der Chemica Sinica., 2011, 2(4):6-11

Effect of adsorbent dose

Effect of adsorbent dose plays an important rolstandardizing the adsorption process with
guantification of adsorbate solution and the adsaitbin our present investigation with increase
in the amount of ALP adsorbent i.e. from 0.5gm®.&gms the removal efficiency of all three
acid dyes increase rapidljigqure-3) which may be attributed to the greater availapitif the
exchangeable sites or surface areas at higher mivatien of the adsorbent. Our findings are in
good support with Hussein et al.[26-27].
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Figure 3. Effect of adsorbent dose on removal of dyes

Effect of Initial Concentration

The adsorption of all three acid dyes onto theamgrfof ALP were rapid initially, slow down
later on and finally reached towards equilibriufigre-4) indicating saturated adsorption as
also reported by McKay et al.[28]. The increasesoggtion of the acid dyes onto the ALP may
be attributed to increase in surface activity and tb micelle formation or the aggregation of
dye molecule in the concentration range studiethil&i results have been also reported by
several researchers[29].
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Figure 4. Effect of initial concentration on removal of dyes

Adsorption Isotherms
The adsorption isotherm data were fitted to theessital Freundlich and Langmuir isotherm

equations[30]. The linearized forms of isothermatmns used are Freundlich equation:

logQe = logK *in logCe............ 1

Where Qe is the equilibrium dye uptake Capacity @edthe residual dye concentration at
equilibrium. The constant K is a measure of adsomptapacity and 1/n is the intensity of
adsorption. A plot of log Qe versus log Ce givesraight line of slope 1/n and intercepts log K
and the values are enlistedTiable 1.
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Table 1: Freundlich adsorption constantsfor acid blue, acid red, malachite green using AL P as adsor bent at
25°C

Acid Dyes Acid Blue Acid Red Malachite Green

K 0.1872 0.7878 0.1987
n 1.0506 1.5561 1.0495
R? 0.9844 0.9997 0.9839

The Correlation coefficient @ for acid blue acid red and malachite green fotmbe 0.9844,
0.9997 and 0.9839 respectively. Langmuir equation,

1. Lyt 2 ,
Qe  Qmax X Ce " Qmax "

Where Qmax represent the maximum specific dye ep@d, the residual dye concentration at
equilibrium and b the ratio of adsorption / desmnptrates related to energy of adsorption. The
capacities of ALP for binding with all three aciged were determined by plotting Ce/Qe against
Ce using Langmuir equation. The plot of the Specdorption Ce/Qe against equilibrium
concentration Ce gave the linear isotherm paramédenax and b are enlisted in Table 2. The
correlation (R) for acid blue acid red and malachite green fotmde 0.9636, 0.9623 and
0.9962 respectively. The adsorption equilibriumadéitted well for both Freundlich and
Langmuir isotherms.

Table 2: Langmuir adsor ption constant for acid blue, acid red, malachite green using AL P as adsor bent at 25°C

Acid Dyes Acid Blue Acid Red Malachite Green

Qmax 1.1301  1.0473 1.0375
b 0.0131  0.0142 0.0150
R 0.9636  0.9623 0.9962

CONCLUSION

It has been proved that activated Ashoka leaf powslan excellent adsorbent for removal of
acid dyes from aqueous solution, under certain iphligmical conditions. The result indicates
the potentially practical value of ALP as adsorbdrite calculated dimensionless equilibrium
parameter Rfound to be in the range between 0 to 1 is indieadf favorable adsorption onto

the surface of ALP. Adsorption of acid dyes ontoPAWas first order kinetic process with low
activation energy which is an indicative of rapasarption process.
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