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ABSTRACT

In this research, attempt has been made to study the sorption of basic dye Rhodamine-B onto
teak sawdust. Adsorbent is used to remove the colour of Rhodamine-B dye, which is used in textile
industry. The experiments are conducted with different parameters like adsorbent dosage, pH,
temperature, agitation speed, sieve size and contact time using equilibrium, kinetic adsorption
Isotherms method and thermodynamics equation. The adsorption isotherm of the Rhodamine-B on the
treated adsorbent was determined and correlated with common isotherm equations. The sorption data
were then correlated with the Langmuir and the Freundlich adsorption isotherm models. The Langmuir
isotherm exhibited a better fit for the adsorption data than the Freundlich isotherm, and
thermodynamic equation were analysed by Langmuir constant at varying temperatures. For kinetic
parameter, Lagrenge’s | and Il order equations were used. From the experimental investigations, the
maximum colour removal from the wastewater was obtained at an optimum adsorbent dosage of 12.5
mg with 50 mins contact time.
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INTRODUCTION

Dyes are released into environment due to various anthropogenic and industrial activities and
some of these are toxic even at low concentrations (less than 1 mg/L). Industrial effluents are the
essential sources of water pollution. Colour enters in to the environment from the  discharges of
textiles, paper, dye- manufacturing, tanneries and pharmaceutical industries [1]. Consequently, improved
and innovative methods of wastewater treatment are continually being developed and studied to
remove these colours. Number of methods are employed for the separation and recovering colour
from aqueous solution which include electrocoagulation [2], ultrafiltration [3], membrane separation [4]
and phyto extraction [5]. Among all these, adsorption is the most promising tool and feasible
alternative [6]. A number of materials have been used as adsorbents for colour removal like powdered
activated carbon [7], sawdust [8], fly ash [9] and rice husk [10], chemically modified plant wastes [11]
etc.

MATERIALS
Materials and methods

Rhodamine-B is the Carboxylic acids containing [9-(2-carboxyphenyl)-6-diethylamino-3-xan-
thenylidene] diethylammo-nium chloride dye. Rhodamine B is used in biology as a staining fluorescent
dye, sometimes in combination with auramine O, as the auramine-rhodamine stain to demonstrate
acid-fast organisms, notably Mycobacterium, its chemical structure is shown in fig. 1.

The commercial-grade basic dye Rhodamine-B [C.I.No - 45170; C.I.Name - basic violet 10, chemical
formula - C2sH31CIN203; molecular weight - 479.02 g/mol; Amax — 554 nm] [12], was used as shown in
fig. 1.

Fig 1: Rhodamine-B dye structure

Preparation of dye solution

Rhodamine-B dye was used without any purification. A stock solution was prepared by a
calculated amount of the dye and distilled water. From these stock solution five numbers of dye
solution in the concentration of 10 mg/l to 50 mg/l were prepared. The Apns» of Rhodamine-B dye is
554 nm.

Preparation of Adsorbent

Teak sawdust was taken from local saw mill located in Bhopal. The sawdust was rinsed with
distilled water for removing unwanted impurities on them and after washing it was kept in electrical
oven at 50°C temperature for 24 hours. It was than treated with H202 solution and again kept in
oven at same temperature and duration for drying the sample. These dried sample were put in
desiccators for use as adsorbent during the entire study.

These dried adsorbent were powdered and sieved through different sieve sizes for collecting
sample of size (300-150) u, (150-75) pu and minus 75 p size.
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Dosage of the Adsorbent

The amount of adsorbent dosage for removal of dye at 500 mg dosage of adsorbent obtained
highest colour removal of Rhodamine-B dye. For the removal of Rhodamine-B dye, after appling 100
mg to 1000 mg adsorbent it was found that 500 mg is the optimum dose of the adsorbent for
maximum colour removal of Rhodamine-B dye as shown in Fig 2. Fig 2 shows a plot between %
Removal of colour for different dosages of Adsorbent.
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Fig 2: Dosage of the Adsorbent v/s % Colour Removal
Effect of particle size

The surface area available for adsorption is greatly determined by particle size of the
adsorbent. The effect of particle size on Rhodamine-B adsorption was studied and results are shown in
Fig 3. It was established that adsorption of Rhodamine-B increased with increase in particle size of teak
sawdust. This can be attributed to larger total surface area of coarser particles for the same amount
of adsorbent [13]. This relationship indicates that powdered coarser adsorbent of size (300-150) p
would be advantageous over finer particles range in adsorption of Rhodamine-B dye.
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Fig 3: % Colour Removal v/s Particle size of sawdust

Effect of pH
Effect of pH on the removal of Rhodamine-B dye was studied of optimum dosage of 500 mg

of sawdust. The pH of the solution was adjusted using 0.1N HCI and 0.1N NaOH and all pH
measurements were carried out using a digital pH meter. It was found that on pH 2 + 0.5 adsobent
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gives maximum removal efficiency. This is clear from Fig 4 which gives % colour removal at different
pH of the solution.
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Fig 4: % colour removal at different pH

Adsorption procedure

Temperature controlled shaking waterbath shaker was wused to control the desired
temperature. The impact of various parameters such as pH value, temperature, dosage of the
adsorbent, agitation speed, size of particles and concentration of the dye were studied.

Adsorption experiments were conducted by adding 500 mg of teak sawdust into a series of
200 ml conical flask each with 10 mg/l initial concentration, (300-150) u particle size of sawdust
selected shown in fig 3, 2 pH, 30°C temperature and 100 R.P.M. speed of shaker. For all conical flask
using aluminum foil caped over and placed into a waterbath shaker are shaken to equilibrium. After
equilibrium time, the absorbance of clarified supernatant solution was analyzed using a UV-vis
spectrophotometer and calculated by the following mass balance relationships [14]

I:I:IJ_I:E:I v
Qe=" 0 (1)
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Tooow

()
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and dye removal efficiency i.e. Percentage of the adsorption was calculated as given below :

[Cg—Co
Co

% Removal = X100 (3)

where ge is the amount of adsorbate in the adsorbent at equilibrium (mg/g), q: is the amount of
adsorbate in the adsorbent at any time (mg/g), Cp is the initial dye concentration (mg/L), Cg is the
concentration of dye at equilibrium, C; is the concentration of dye at any time in (mg/L), V is the
volume of solution (L) and W is the weight of teak sawdust (g).

Effect of Contact Time in different Temperatures
The variation in percentage removal of dye with the time is shown in figure 5. The equilibrium

concentrations was found in 120 minutes, due to saturation of active sites which do not allow further
adsorption to take place.
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Fig 5: Equilibrium concentration of the dye
RESULTS
Equilibrium Adsorption study

Equilibrium adsorption data has been used for adsorption isotherms study. These data
describes the rate of the reaction and the adsorption mechanism and affinity of the adsorbent.
Thermodynamic studies provides information about the reaction is endothermic or exothermic and
spontaneity of the adsorption process. The importance of obtaining the best-fit isotherm becomes
more and more significant, because as more applications are developed, more accurate and detailed
isotherm descriptions are required for the adsorption system designs [15].

Langmuir Adsorption Isotherm
The Langmuir equation [15] which is valid for monolayer sorption onto a completely

homogeneous surface with a finite number of identical sites and with negligible interaction between
adsorbed molecules, is given by the following equation:

_ aghCg
Qe= 1+bC,
on rearranging this equation, we get
. G 1
% 9 bq

where gy and b are the Langmuir constants related to maximum achievable adsorption
capacity (monolayer capacity) and bonding energy of adsorption (or affinity between the adsorbate and
adsorbent). The above equation can be linearized to get the maximum capacity, by plotting a graph of
Ce /Qe Vs Ce.

The essential characteristics of the Langmuir isotherm can be expressed in terms of a
equilibrium parameter (Er) [16], which is defined by:

RL= 1/ (1 +b CD)
where the value of R provided information about characteristics of isotherm to be either
unfavourable (Bp> 1), linear (R = 1), favourable (0 < By< 1) or irreversible (Rp =0). The value of B

shown in table, confirmed that the teak sawdust is favorable for adsorption of the Rhodamine-B dye
under conditions used in this study.
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Freundlich Adsorption Isotherm

The Freundlich equation [17] is the earliest known empirical equation and is shown to be
consistent with exponential distribution of active centres, characteristic of the heterogeneous surfaces.
It is expressed by the following equation :

on rearranging this equation, we get

where Kg and n are the Freundlich constants characteristic on the system. Kg and n are indicators of
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adsorption capacity and adsorption intensity respectively.

log ge=log Kr + 1/n log Ce
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Fig 6: The Langmuir Adsorption Isotherm
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Table 1: The values of parameters and correlation coefficient using Langmuir equation

Langmuir Adsorption Isotherms Data

Temperature, in °C qo b Rt R?
30°C 10.75 0.041 0.71 0.981
40°C 4.348 0.129 0.435 0.986
50°C 4.484 0.1 0.498 0.992
1.2 - R?=0.991
R2=0.976
1 -
0.8
@
90.6 -
£
0.4 -
0.2
0 T T 1
0 1.5 2
InCe
Fig 7: Freundlich Adsorption Isotherm
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Table 2: The values of parameters and correlation coefficient using Freundlich equation

Freundlich Adsorption Isotherms Data
Temperature, Ke 1/n R?
in °C (L/mg)
30°C 1.977 0.396 0.966
40°C 1.125 0.614 0.976
50°C 0.809 0.706 0.991

Table 1 and 2 shows the values of the parameters of the two isotherms and the related
correlation coefficients at different temperatures. As seen from Table 1 and 2, the Langmuir
adsorption isotherm yields a somewhat better fit than the Freundlich adsorption isotherm. As also
illustrated in Table 1 and 2, the values of R. and 1/n are gives favourable for this adsorbate and
adsorbent, which indicates favourable adsorption. This work has shown that utilization of teak sawdust
will be useful in the treatment of Rhodamine-B dye. It would also eliminates various ecological
problems that these waste effluents causes.

Thermodynamics of Adsorption

The thermodynamic [18] parameters such as change in free energy (AG’), enthalpy (AH") and
entropy (AS°) of adsorption were found using the following equations:

AG"= -RT InK (4)
AH® = R(T2T1)/(T2 - T1) In (K2/K1) (5)
AS°= (AH- AG®)/T (6)

where R is the gas constant, K1 and K. are the Langmuir constants corresponding to the
temperatures 303, 313 and 323 K and T is the solution temperature in Kelvin. The degree of
spontaneity of the adsorption process depends on the negative values of AG®. The positive values of
AH® show that the adsorption is endothermic [19]; the possible explanation for this being that
Rhodamine-B ions displace more than one water molecule for their adsorption, which indicates the
endothermicity of the adsorption process.

The positive value of AS® suggests increased randomness at the solid/solution interface during
the adsorption of teak sawdust towards Rhodamine-B dye. Also the positive AS® value corresponds to
an increase in the degree of freedom of the adsorbed species. Kiand K> are the Langmuir constants
corresponding to the temperatures 303, 313 and 323 K. The values of thermodynamic parameters
were given in Table 3.

Table 3: Thermodynamic parameters for the adsorption of Rhodamine-B by teak sawdust

Temperature (K) - AG°(k) mol?) AH (k) mol?) AS°(kJ) mol1K?)
303 8.053 313 5.329
21.40 44.06 323 6.162

Kinetic Adsorption study

The kinetic study of the adsorption process gives valuable result according the workability of
the adsorbent and achievability of entire operations. The specific rate constants for the system were
calculated using Lagergren’s first order rate equation [20].

Log (ge-qt) = log ge — k1 t/(2.303) (7)

where ge and q: are amount of adsorption at the equilibrium and any time t, respectively.
The graph plot between log (ge-qt) versus timet, provides appearance of first order kinetics as shown
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in fig. 7 and table 4. The ki (adsorption rate constant) value for teak sawdust were calculated using
the slope of those straight lines at various temperatures.

The pseudo second order kinetic model was applied to the experimental data. The pseudo
second order model [21] is expressed as:

% = Ky(ge - 90 (8)

When the initial condition is g =0 at t =0, integration leads to equation (8):

t 1 t
—= +—= 9
qe  Hzgi  fe )
0.2
0 T 1
40 60
-0.2 4
— RZ=0.946
&50.4 - . #30°C
g m40°C
;BQO.G s 0 50°C
-0.8
S [ |
-1.2 -
Time
Fig 7: Pseudo-first-order kinetics
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Fig 8: Pseudo-second-order kinetics

In the comparison of both the kinetic models for Rhodamine-B adsorption, the pseudo second
order kinetics gives better fit than pseudo first order kinetic equation.
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Table 4: Kinetic parameters for the adsorption of Rhodamine-B by teak sawdust

Temperature (in °C) Pseudo-first-order Pseudo-second-order
K1 (X102 min) R? K> (X102 g/(mg min)) R?
30°C 3.45 0.946 26.60 0.993
40°C 5.10 0.940 28.16 0.997
50°C 5.50 0.985 24.50 0.999
CONCLUSION

In the present study, it was found that adsorption of Rhodamine-B dye on teak sawdust at
temperatures (302C, 402C and 502C) are better by Langmuir and Freundlich adsorption isotherm.
Langmuir best fitted than Freundlich isotherm. The best fit of the experimental data was achieved with
pseudo second order kinetic model indicating that this model was the most appropriate one for the
modeling of Rhodamine-B removal by teak sawdust.

The calculations made on the basis of kinetic models, their correlation coefficients and limits
of validity explains that in general, the adsorption process of Rhodamine-B onto teak sawdust was
controlled by film diffusion. Moreover, the pseudo second order kinetic model is often associated with
adsorption that is chemical in nature.

The thermodynamic study indicate that the adsorption process at temperatures 309C, 409C and
509C. The positive value of AH® indicates that the adsorption of Rhodamine-B on teak sawdust is an
endothermic process. The negative value of AG" showed spontaneous nature of the adsorption. The
positive value of AS° showed the existence of some structural changes at the solid-liquid interface and
favours the ion exchange and stability of the adsorption.

REFERENCES

[1] Benefield, L.D., Judkins, F., Weand, B.L., (1982). Process Chemistry for Water and Wastewater
Treatment. Prentice-Hall, New Jersey.

[2] Tyagi, N., Mathur, S. and Kumar, D., (2014), Electrocoagulation process for textile wastewater
treatment in continuous upflow reactor. Journal of Scientific & Industrial Research, Vol. 73, pp. 195-
198.

[3] Puasa, S.W., Ruzitah, M.S., and Sharifah, A.S.AK., (2011), An overview of Micellar — Enhanced
Ultrafiltration in Wastewater Treatment Process.International Conference on Environment and
Industrial Innovation, IPCBEE Vol.12,IACSIT Press, Singapore.

(4] Wou, J., Eiteman, M., and Law, S.,(1998), Evaluation of Membrane Filtration and Ozonation Processes
for Treatment of Reactive-Dye Wastewater. Journal of Environmental Engineering , Vol. 124 (3), pp.
272-277.

[5] Mahajan, P., and Kaushal, J., (2013), Degradation of Congo Red Dye in Aqueous. Chitkara Chemistry
Review, Vol.-1, pp. 67-75.

[6] Bhatnagar, A. and Jain, A. K., (2005), A comparative adsorption study with different industrial wastes as
adsorbents for the removal of cationic dyes from water. J. Colloid Interf Sci. 281: 49-55.

[7] Bello, O. S., Olusegun, O. A., and Njoku, V. 0., (2013), Fly Ash: An Alternative to Powdered Activated
Carbon for the Removal of Eosin Dye from Aqueous Solutions. Bull. Chem. Soc. Ethiop., Vol.-27 (2), pp.
191-204.

[8] Nimkar, D. A., and Chavan, S. K., (2014), Removal of Methylene Blue Dye (Basic Dye) from Aqueous
Solution using Saw Dust as an Adsorbent. International Journal of Engineering Research & Technology
(IJERT), Vol. 3 (4), ISSN: 2278-0181.

[9] Visa, M., and Chelaru, A.M., (2014), Hydrothermally modified fly ash for heavy metals and dyes
removalin advanced wastewater treatment. Applied Surface Science, Vol. 303, pp. 14-22.

[10] Rahman, M. M., HamidulBari, Q., Mohammad, N., Ahsan, A., Sobuz, H, R., and Uddin, M. A., (2013),
Characterization of Rice Husk Carbon Produced through Simple Technology. Advances in Materials
Science and Application., Vol. 2 (1), PP. 25-30.

November-December 2017 RJPBCS 8(6) Page No. 44



(11]
(12]
(13]
(14]
[15]
(16]
(17]
(18]
(19]
[20]

[21]

ISSN: 0975-8585

Ngah, W.S. W., and Hanafiah, M.A.K.M., (2008), Removal of heavy metal ions from wastewater by
chemically modified plant wastes as adsorbents: A review. Bioresource Technology, Vol. 99, pp. 3935—
3948.

https://en.wikipedia.org/wiki/Rhodamine_B.

Dedrick R. L. and Beckmann R. B. (1967) Kinetics of adsorption by activated carbon from dilute aqueous
solution. AIChE Symp. Ser. no. 74 63, 68.

I. Langmuir, “The constitution and fundamental properties of solids and liquids”, J. of American
Chemical Society, Vol. 38, issue 11, pp 2221-2295, 1916.

V.J.P. Vilar, C.M.S. Botelho, R.A.A. Boaventura (2005), Influence of pH, ionic strength and temperature
on lead biosorption by Gelidium and agar extraction algal waste, Process Biochem. 40, 3267—-3275.

A. W. Adamson (1990), Physical Chemistry of Surfaces, 5th ed., Wiley, New York,. Pigments, 51, 2540 .
Freundlich, H.M.F., (1906). over the adsorption in solution, Journal of. Phys. Chem., Vol. 57, pp 385—470.
Tahir, H., Jahanzeb, Q., Sultan, M., (2011). An investigation of environmental impact of aerial metal
deposition around the petrol filling stations and applying remedial measures to reduce the elevated
level of lead metal. Pak. J. Chem. 1, 1-5.

Saeed, S., Tahir, H., Sultan, M., Jahanzeb, Q., (2011) Effect of foreign ions for the determination of metal
ion in the presence of surfactants. Front. Chem. China 6, 243-247.

S. Lagergren (1898), Zur theorie der sogenannten adsorption gel oster stoffe, K. Sven. Vetenskapsakad.
Handl. 24, 1-39.

Y.S. Ho and G. McKay (1999), Pseudo-second order model for sorption processes, Process. Biochem. 34,
451-465.

November-December 2017 RJPBCS 8(6) Page No. 45



