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ABSTRACT
This work involves the use of waste mint as a natural material value for the
removal of dyes. Then we tested the power of removal of methylene blue in
this material, the study of chemical kinetics in two hours for the initial
concentrations C

0
 = 10, 20, 30, 40 and 50 mg/L. All the experiments were

conducted at a constant pH = 7.1 and at a constant temperature of 25±1 °C.

The experimental results were modeled by theoretical models such as
fractional power, pseudo-first order, pseudo-second order, Elovich and
intraparticule diffusion. From the values of the correlation coefficients of
these models we find the fractional power (R2 between 90.9% and 96.9%),
pseudo-second order model (R2 between 80.6% and 98.5%) and Elovich
model (R2 between 90% and 97.6%) are closer to the experimental results of
adsorption kinetics.  2015 Trade Science Inc. - INDIA
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INTRODUCTION

In industrial water pollution, the color produced by
minute amount of dyes in water is considered very im-
portant because, besides having possible harmful ef-
fects, the color in water is aesthetically unpleasant.
Colored water can affect plant life, and thus an entire
ecosystem can be destroyed by the contamination of
various dyes in water. Some dyes are also toxic and
even carcinogenic. This dictates the necessity of organic
dye containing water to undergo treatment before dis-
posal to the environment. The conventional methods
for color removal are biological oxidation, chemical
precipitation and other methods[1-3]. But these processes
are not always effective and economic where the solute

concentrations are very low. Moreover, most of the
synthetic dyes undergo very slow biodegradation. Cur-
rently the adsorption technique is proved to be an ef-
fective and attractive process for the treatment of or-
ganic dye containing wastewater[4�6]. Also, this method
will become inexpensive, if the sorbent material used is
of cheaper cost and does not require any expensive
additional pretreatment step.

In the present work, methylene blue is selected as
a model compound in order to evaluate the capacity of
the adsorbent for the removal of methylene blue from
its aqueous solution. Methylene blue is a cationic or-
ganic dye having the structure:

For this, several studies have been devoted to find-
ing new materials that can replace the activated car-
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bon. The use of biological resources such as bacte-
ria[7], sawdust[8], algae[9] and shells[10] has emerged as a
potential alternative to conventional treatment methods
(physico-chemical): The cotton[11], clay[12], bagasse[13]

and chitosan[14].
In the present study, mint waste has been used as

adsorbent for the removal of MB from its aqueous so-
lution, hence the essential part of this work is the mod-
eling of the kinetics by theoretical models to understand
the phenomena of biosorption.

EXPERIMENTAL

Materials

The mint waste used in the present investigation as
a biomass adsorbent was collected from household.
The mint dust discarded after using is called mint waste.
The collected materials were then washed with tap water
and distilled water for several times to remove all the
dirt particles. The washed materials were then dried at
60 æ%C for 3 days. The dried materials were then

crushed and sieved at 200 µm and stored in bottles for

uses.

Chemicals

Stock solution was prepared by dissolving 1.0 g of
methylen blue (dye content 82%) supplied by Merck,
Germany, in 1 L distilled water without further purifica-
tion. The test solutions were prepared by diluting stock

solution to the desired concentrations.

Experiments and analytical method

All the experiments were conducted at a constant
temperature of 25±1 °C and at a constant pH = 7.1 to

be representative of environmentally relevant conditions.
Batch kinetics sorption experiments were carried out in
250mL Erlenmeyer flasks containing methylen blue so-
lutions (100 mL) of known concentrations, which var-
ied from 10 to 50 mg/L. Known amounts of biomass
were added to each flask and the mixtures were agi-
tated on the rotary shaker. After the sorption was
reached, the change in methylen blue concentration due
to sorption was determined colorimetrically (Shimadzu
1240 spectrophotometer) Absorbance was measured
at wavelength (ë) 664 nm. For improving the results, all
experiments were done in triplicate.

Methylen blue uptake capacities and kinetics
models

The amount of methylen blue sorbed at equilibrium,
q (mg.g�1), which represents the metal uptake, was cal-
culated from the difference in dye concentration in the
aqueous phase before and after adsorption, according
to the following equation:

C
0
 and Ce respectively are the initial and equilib-

rium concentration of methylen blue in solution (mg/L),
and m is the weight of biomass (g). Where V is the
volume of methylen blue solution (L).

Fractional power[15], Pseudo-first order[16],
Pseudo-second order[17], Elovich[18] and Intraparticule
diffusion[19] rate equations have been used for modeling
the kinetics of methylen blue sorption (TABLE 1).

Model Equation linear expression 

Fractional power   
Pseudo-first order 

  

Pseudo-second order 
  

Elovich 
  

Intraparticle diffusion   

TABLE 1: Kinetic biosorption models
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Figure 1: Kinetics (adsorption capacity q vs. time) of methylene blue on biomass waste mint

Model Model 
parameters 

C0=10mg/L C0=20mg/L C0=30mg/L C0=40mg/L C0=50mg/L 

linear expression y = 0.084x + 3.407 y = 0.083x + 4.053 y = 0.086x + 4.446 y = 0.066x + 4.793 y = 0.067x + 5.074 

R2(%) 90.9 96.1 93.5 96.9 91.8 

õ 0.084 0.083 0.086 0.066 0.067 

kp 30.17 57.57 85.29 120.66 159.81 

Fractional 
power 

õ. kp (mg.g-1.min-1) 2.534 4.778 7.335 7.964 10.707 

linear expression y = -0.050x + 2.912 y = -0.048x + 3.585 y = -0.054x + 4.003 y = -0.051x + 4.129 y = -0.058x + 4.480 

R2(%) 80.7 81.1 84.7 78.8 83.8 

k1P (min-1) 0.05 0.048 0.054 0.051 0.058 
pseudo-first 
order 

qe.1P (mg.g-1) 18.39 36.05 54.76 62.12 88.23 

linear expression y = 0.036x + 0.022 y = 0.018x + 0.012 y = 0.012x + 0.008 y = 0.006x + 0.006 y = 0.005x + 0.004 

R2(%) 98.5 96.8 98.3 93.7 80.6 

k2P (g.mg-1.min-1) 0.611 0.667 0.667 1 0.8 
pseudo-second 
order 

qe.2P (mg.g-1) 45.45 83.33 125 166.67 250 

linear expression y = 3.260x + 29.32 y = 6.210x + 55.75 y = 9.571x + 82.54 y = 9.799x + 118.3 y = 13.30x + 156.3 

R2 (%) 92.9 97.4 95.2 97.6 92 

áE (mg.g-1.min-1) 26427 49123 51407 1705523 1644204 
Elovich 

âE (g.mg-1) 0.307 0.161 0.104 0.102 0.075 

linear expression y = 1.079x + 33.61 y = 2.096x + 63.67 y = 3.174x + 95.09 y = 3.319x + 130.7 y = 4.556x + 172.9 

R2(%) 78.2 85.3 80.4 86 82.9 

kD (mg.g-1.min-1/2) 1.079 2.096 3.174 3.319 4.556 
Intraparticle 
diffusion 

CD (mg.g-1) 33.61 63.67 95.09 130.7 172.9 

TABLE 2 : Kinetic model parameters for biosorption of methylene blue on biomass waste mint

RESULTS AND DISCUSSION

The kinetic study of biosorption of methylene blue
was done during a time of two hours, with agitation,
temperature T = 25 ° C and pH = 7.1 constants. A

weight of 0.2 g/L of biomass waste mint was added in
solutions of methylene blue to initial concentration C

0
 =

10 to 50 mg/L. Figure 1 illustrates the variation in the
adsorption capacity q versus at time t. These curves
show two quite clear: A first branch reflects a rapid
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Figure 2 : Modeling the kinetic biosorption by fractional power model

Figure 3 : Modeling the kinetic biosorption by pseudo-second order model

decrease of the adsorption capacity q of methylene blue
for 5 minutes. A second branch from 15 minutes at 120
minutes is characterized by a gradual change of the ad-
sorption capacity q of methylene blue until equilibrium
of biosorption.

The experimental adsorption capacities of biomass
mint waste are higher, then the values of the absorption
capacity at equilibrium (2 hours) of the initial concen-
trations for C

0
 = 10, 20, 30, 40 and 50 mg/L, are re-

spectively 44.05±0.88, 84.23±1.23, 125.46±1.62,

163.22±5.87 and 216.84±1.21 mg/g.

All the kinetic parameters of biosorption media bio-
mass waste mint are determined from the straight lin-

earity according to the equations of the models described
in TABLE 1. In considering the reliability of the pro-
posed kinetic models, we calculated the correlation
coefficients of the equations and the kinetic constants
of each model. These are grouped in TABLE 2.

From the values of correlation coefficients R2 of
these tables we can conclude that the model of frac-
tional power (R2 between 90.9% and 96.9%), pseudo-
second order model (R2 between 80.6% and 98.5%)
and Elovich model (R2 between 90% and 97.6%) are
closer to the experimental results of adsorption kinet-
ics. By cons, we note that the theoretical data from
other models move away from the experimental data.
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To better demonstrate the effectiveness of the frac-
tional power model, pseudo-second order model and
Elovich model, we reported in Figures 2, 3 and 4 mod-
eling the kinetics of methylene blue biosorption of these
3 models respectively on biomass waste mint.

CONCLUSION

The results obtained during the adsorption of me-
thylene blue on biomass waste mint show that:
 The waste mint can be used as good adsorbent

particularly for the removal of methylene blue and
generally for all dyes.

 The adsorption kinetics could be considered con-
sistent with models of fractional power, pseudo-
second order and Elovich.

All the results obtained in this work, we have dis-
covered new ways of valuing the waste mint, giving new
biomass in the field of environmental applications.

REFERENCES

[1] M.Rafatullah, O.Sulaiman, R.Hashim, A.Ahmad;
Journal of hazardous materials, 177(1), 70-80
(2010).

[2] S.Chatterjee, A.Kumar, S.Basu, S.Dutta; Chemi-
cal Engineering Journal, 181, 289-299 (2012).

[3] L.W.Low, T.T.Teng, A.F.Alkarkhi, A.Ahmad,
N.Morad; Water, Air, & Soil Pollution, 214(1-4),
185-195 (2011).

[4] N.Nasuha, B.H.Hameed, A.T.M.Din; Journal of

Hazardous Materials, 175(1), 126-132 (2010).
[5] Y.Yao, F.Xu, M.Chen, Z.Xu, Z.Zhu; Bioresource

technology, 101(9), 3040-3046 (2010).
[6] H.A.Le, L.T.Linh, S.Chin, J.Jurng; Powder Tech-

nology, 225, 167-175 (2012).
[7] A.Ayla, A.Çavuº, Y.Bulut, Z.Baysal, C.Aytekin;

Desalination and Water Treatment, 51(40-42),
7596-7603 (2013).

[8] R.Ansari, Z.Mosayebzadeh; Journal of the Iranian
Chemical Society, 7(2), 339-350 (2010).

[9] P.L.Tan, C.L.Wong, S.L.Hii; Desalination and Wa-
ter Treatment, 48(1-3), 238-244 (2012).

[10] P.S.Kumar, S.Ramalingam, K.Sathishkumar; Ko-
rean Journal of Chemical Engineering, 28(1), 149-
155 (2011).

[11] H.Deng, J.Lu, G.Li, G.Zhang, X.Wang; Chemical
Engineering Journal, 172(1), 326-334 (2011).

[12] T.Ainane, A.Abourriche, M.Kabbaj, M.Elkouali,
A.Bennamara, M.Charrouf, M.Talbi; Journal of
Chemical and Pharmaceutical Research, 6(4), 599-
606 (2014).

[13] K.A.G.Gusmão, L.V.A.Gurgel, T.M.S Melo, L.F.Gil;

Journal of environmental management, 118, 135-
143 (2013).

[14] L.Wang, J.Zhang, A.Wang; Desalination, 266(1),
33-39 (2011).

[15] D.Das, R.Vimala, N.Das; Ecological Engineer-
ing, 64, 136-141 (2014).

[16] R.L.Tseng, P.H.Wu, F.C.Wu, R.S.Juang; Chemical
Engineering Journal, 237, 153-161 (2014).

[17] Y.S.Ho; Environmental Science and Pollution Re-
search, 21(11), 7234-7235 (2014).

[18] R.M.Viegas, M.Campinas, H.Costa, M.J.Rosa;
Adsorption, 20(5-6), 737-746 (2014).

Figure 4 : Modeling the kinetic biosorption by Elovich model.


