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Abstract. In this approach we explained removal of methylene blue(MB) from aqueous solution as one of the
reactive dye stuffs that is useful in textile dyeing. In this research, we optimized the removal procedure of MB from
water using modified alumina(Y-Al,O;) by Sodium dodecyl sulphate (SDS). In this study a response surface method
(RSM) was utilized as an optimization method for optimization of effective parameters of the experiment. Four
factors namely weight of Al,QO;, initial concentration of MB(C,), weight of SDS, and time were considered as main
factors in five levels. It is found that all of these factors but C, were significant at a certain confidence level (P<0.05).
Then, an empirical model was developed for the removal of MB from aqueous solution by modified alumina. An
ANOVA analysis revealed that the validity of the predicted model. Plots of response surface and counter map and
interaction plot for the predicted model showed that there was interaction between the weight of Al,O3 with itself.
Results showed that the effect of the weight of SDS was the most important factor between the factors. Also the
weight of alumina had medium effect among the factors. Finally, the removal of MB from different water samples
was successfully done.
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1. INTRODUCTION

Water is a vital compound and it has remarkable and unique characteristics, so it is one of
the most important compounds which constitutes the great majority of organisms and the
environment[1]. The growth of world population and utilizing of scarce water resources on one
hand, they have been contaminated and consumption of water in industrial and agricultural
places together with human activities, has been caused the contamination of water sources and
it has created the water cisis in the world[2]. Any changes in physical, chemical, which have
and biological properties water, air, soil, and food which have adverse effects on human health,
the environment , and other organisms are called contamination[3,4]. Dye are environmental
contaminants the exposure of them to human societies[5] cause the introduction of toxic
materials to them can be dangerous and cause chronic poisoning[6]. Methyl orange[7] and
methylene blue are to dyes which are used world wide[8]. MB has wide application, which
include paper dyeing, temporary hair colorant, dyeing cotton, and wools[9,10]. It can diseases in
humans such as heart beat increase, vomiting, shock, cyanosis, jaundice, quadriplegia ,and
tissue necrosis[11]. Many methods including physical, chemical, and biological have been
used for removal of pollutants from waste water. Some of them are; filtration[12],
sedimentation[13], chemical oxidation[14], electrochemical processes[15], ion exchange[16],
and adsorption[17].

In 2011, Murat et al., investigated the removal of MB from cotton stalk. In this study, was
used cotton stalk as an adsorbent for removal of MB from aqueous solution. The effect of initial
dye concentration, pH, temperature, adsorbent dosage, and the adsorption thermodynamics of
MB was studied. The removal of dye was done at 90 min [18].
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In 2010, Zendehdel et al., utilized a semi-inpenetrating polymer for MB from wastewater
sludge. They found that maximum dye adsorption efficiency was 95%. Also they showed that
the synthesized polymer was a good membrane for the removal of cationic dyes from aqueous
solutions[19].

In 2001, kanan et al., investigated the kinetics and mechanism of removal of MB by various
carbons. They found that the efficiency of removal of MB dye increased with decreasing the
initial concentration of MB and sorbent particle size, and increasing the contact time. They
utilized Langmuir and freundlich adsorption isotherms in that research. The kinetics of
adsorption process was first order with regard to intra-particle diffusion rate. Finally they
concluded that the capacity of their adsorbent was comparable with the commercial carbon[20].

In 2014, mahmmodi et al., studied on the removal of MB by iron oxide using ultrasonic
degradation. The effect of hydrogen peroxide on the removal efficiency of MB was studied. The
effect of contact time and initial dye concentration on removal efficiency were studied too.
Finally, the performance of dye removal using adsorption and ultrasonic techniques were
compared[21].

In 2012 reza ansari et al., studied the adsorption of MB from aqueous solutions using
modified sawdust by SDS, and investigated the effects of important parameters such as, pH,
initial concentration of dye, amount of sorbent, and time[22].

In 2003, dogan et al., used perlite for the removal of methylene blue by adsorption process.
The obtained results showed that this process carried out very fast and it had physical
characteristics. The effect of different parameters such as initial concentration of dye, pH, and
the temperature of solution was investigated. The result showed that the amount of removal of
dye was increased by increasing the initial concentration of dye, pH, and temperature. It also
showed that adsorption process obeys from second order kinetics model[23].

The main aim of this work is the removal of MB by modified alumina with sodium dodecyl
sulphate. In this research, the optimization of several experimental parameters was investigated
which are as follows; pH, the weight of alumina, the weight of SDS, time, and dye
concentration.

2. EXPERIMENTAL
2.1. Materials

Y -Al,O;, Methylene blue, Sodium hydroxide, Hydrochloric acid, Nitric acid, Sodium
dodacyl solphate. were supplied by Merck co. and Y - Al,Os;was purchased from Fluka.

2.2.Methods

A given volume of MB solution was poured in a beaker. Then SDS was added to the MB
solution and its pH was adjusted at 1.7. Then the prepared solution was placed in a volumetric
flask and was diluted until desired volume. The pH and absorbance of this solution were read
before addition of a given weight of Y -Al,Os, after addition of Y -Al,O; the solution was
agitated for 6 min. Finally, the solution was centrifuged for 30 min and the absorbance of
solution was measured by UV-Vis spectrometer[24]. All of the amounts for the mentioned
parameters were from Tablel.
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Tablel. Factors and their levels in CCD(central composite design).

Factor

Factor levels -2 -1 0 +1 +2
Weight of ALO; 0.5 1 1.5 2 2.5
MB(ppm) 20 40 60 80 100
Weight of SDS 0.04 0.06 0.08 0.1 0.12
Time 2 4 6 8 10

The removed efficiency was calculated from equation( 1 ):
R%=100%(C,-Cy)/Cy (1)

Coy represents the initial concentration of the solution and C; represents the remained
concentration of MB at the time of t.

2.3.Data analysis

In this work, in order to optimize the effective factors in the removal of MB , software of
Minitab ver.16.2. was used.

3. RESULT AND DISCUSSION

In this experiment, we studied the removal of MB From aqueous solutions it depends on: pH
, contact time, weight of alumina, weight of SDS, and concentration of MB.

A central composite design(CCD) through 30 runs utilized for determination the main
effects, and interaction effects[25]. Table 2 shows the experimental conditions and results for
the removal of MB using CCD containing 6 central points.

Table 2. Orders of experiments and the results of removal efficiency.

RunOrder AlLO; SDS t Co R%

1 + + - - 99.84
2 0 0 0 0 97.26
3 + + + + 98.11
4 - - - - 86.95
5 0 0 0 0 99.30
6 + - + 96.06
7 - + + - 97.55
8 + - + - 97.61
9 + - - + 88.98
10 - - + + 91.36
11 0 + 0 0 96.25
12 0 0 0 0 97.26
13 0 0 0 0 89.41
14 0 0 0 0 94.83
15 0 0 0 + 98.82
16 0 0 0 - 97.16
17 + 0 0 0 99.15
18 0 - 0 0 90.88
19 0 0 - 0 99.29
20 - 0 0 0 83.18
21 - + + + 97.91
22 + - + + 94.75
23 - + - - 94.47
24 - - + - 97.54
25 - - - - 99.08
26 0 0 97.69
27 + + + - 99.42
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28 - + - + 99.34
29 0 0 0 0 97.21
30 - - - + 88.70

Regression coefficients and variance analysis is shown in table 3.

This table shows that weight of ALL,O; and weight of SDS, time, and (ALO; )2 have
significant effects of the removal of MB.

Table 3. Statistical parameters for CCD.

Term Coef SE Coef T P

Constant 64.994 5.4560 11.912 0.000
Al,O4 19.585 6.3747 3.072 0.005
SDS 100.979 28.6235 3.528 0.002
t 0.846 0.2862 2.954 0.007
ALO;xALO; -4.902 2.0904 -2.345 0.027

This conclusion is true because the P-value for all of them is smaller than 0.05. it is clear that
the amount of SDS is the most critical factor for the overall optimization procedure. Suitable
models can be obtained using regression analysis. The estimated coefficients for the proposed
models are given in table 4. The suggested empirical equation for our procedure is:

R=64.994 + 19.585 ALO; + 100 SDS + 0.846 t — 4.902(AL,0; )* (2)

Table 4. Estimated regression coefficients for R% for all of Factors.

Term Coef SE Coef T P

Constant 97.2583 1.067 91.179 0.000
AlLO; 4.8775 1.067 4.573 0.000
SDS 4.0392 1.067 3.787 0.002
t 3.3825 1.067 3.171 0.006
Co -1.1608 1.067 -1.088 0.294
AlLO3xAl,03 -5.2854 1.996 -2.649 0.018
SDSx SDS -2.8854 1.996 -1.446 0.169
txt -2.1004 1.996 -1.053 0.309
Cox Co 1.5396 1.996 0.772 0.452
AlO3x SDS -1.2875 2.613 -0.493 0.629
ALOsxt -3.8825 2.613 -1.486 0.158
ALO3x Cy -3.0725 2.613 -1.176 0.258
SDSxt -3.5675 2.613 -1.365 0.192
SDSx Cy 4.3825 2.613 1.677 0.114
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tx Cy -0.6825 2.613 -0.261 0.797

S=2.61279

R-Sq=81.35% R-Sq(adj) = 63.95%

ANOVA table (Table 5) indicated that this regression is significant at 95% confidence level.
The lack of fit is not significant (P-value=0.055). R’=81.35% reveals that 81.35% of the total
variation in the removal efficiency is explained by regression.

Table 5. ANOVA table for the parameters.

Source DF Seq SS Adj SS Adj MS F P
Regression 14 446.771 446.771 319122 4.67 0.003
Linear 4 317.362 317.362 79.341 11.62 0.000
Al O, 1 142.740 142.740 142.740 20.91 0.000
SDS 1 97.889 97.889 97.889 14.34 0.002
t 1 68.648 68.648 68.648 10.06 0.006
Co 1 8.085 8.085 8.085 1.18 0.024
Square 4 70.838 70.838 17.710 2.59 0.079
AL,O;xAl,04 1 43.242 47.890 47.890 7.02 0.018
SDSxSDS 1 14.091 14.273 14.273 2.09 0.169
txt 1 9.422 7.563 7.563 1.11 0.309
CoxCy 1 4.063 4.063 4.063 0.60 0.452
Interaction 6 58.571 58.571 9.762 1.43 0.267
ALO;xSDS 1 1.658 1.658 1.658 0.24 0.629
AL O;xt 1 15.074 15.074 15.074 221 0.158
AL O;xCy 1 9.440 9.440 9.440 1.38 0.258
SDS xt 1 12.727 12.727 12.727 1.86 0.192
SDSxCy 1 19.206 19.206 19.206 2.81 0.114
txCy 1 0.466 0.466 0.466 0.07 0.797
Residual Error 15 102.400 102.400 6.827
Lack-of-Fit 10 92.147 92.147 9.215 4.49 0.055
Pure Error 5 10.254 10.254 2.051
Total 29 549.172
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By comparing the efficiency of the run in table2, it is obvious that maximum R% belongs to
the following conditions; Cy=40 ppm , weight of SDS=0.1, weight of Al,O;=2g, t=6min and
pH=2, R%=99.84.

3.1.Optimum conditions and response surface plots

By making use of MINITAB software, the optimum removal of MB was found at
Co=40ppm, weight of SDS=0.1g, weight of Al,O0=2g and t=6min. These results belong to
99.84% removal efficiency. Two-dimensional and three-dimensional plots of response surfaces
can interpret the influence of various factors on the removal efficiency.

The effect of weight of Al,O; and weight of SDS on the removal efficiency has been shown
in figures 1. It is clear that the weight of 2g for alumina and 0.1g for SDS is in the region of
97.5%-100% of removal efficiency when the time of experiment is 6min. figure 1(a) and 1(b)
show this conclusion in three-dimensional and two-dimensional plots.

Surface Plot of R% vs SDS, Al203 Contour Plot of R% vs SDS, Al203

Hold Values 0.12
t6

SDS

|} >
Hold Values
t6

0.125
0.100
0075 sps
0.050

1.0 s 2.0 25
A203

Figure 1(a) Figure 1(b)

Figure 1. Three-dimensional 1(a) and two-dimensional 1(b) plots of removal efficiency. Effective variables are
AlyO3 and SDS, The middle level of time was chosen(6min).

Figure 2 shows the influence of Al,O; and time on the removal efficiency. Figures of 2(a)
and 2(b) indicate that time of 6 min, and 2g of alumina cause to 97.5-100% of removal
efficiency when is 0.08g.

Surface Plot of R% vs t, A1203 Contour Plot of R% vs t, AI203
SDS 0.08 ™ < 850
W 850- 875
LA 90.0
90.0 92.5
925 95.0
o %0 97.5
W 975 - 1000
] 100.0
100
* Hold Values
95 SDS 0.08

1.0 1.5 2.0 225]
AI203

Figure 2(a) Figure 2(b)

Figure 2. Three-dimensional 2(a) and two-dimensional 2(b) plots of removal efficiency. Effective variables are
Al O; and time, the middle level of weight of SDS was chosen(0.08g).

1591



IRANI, PARCHEH BAF JADID

Figure 3 shows the influence of SDS and time on the removal efficiency. Figures of 3(a) and
3(b) indicate that time of 6min, and 0.08g of SDS cause to 100%-102% of removal efficiency
when A1203 is 15g
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Figure 3(a) Figure 3(b)

Figure 3. Three-dimensional 3(a) and two-dimensional 3(b) plots of removal efficiency. Effective variables are SDS
and time, the middle of weight of A1,O; was chosen (1.5g).

4. CONCLUSIONS

In this research modified alumina was used as an excellent sorbent for the removal of MB
from aqueous solutions. For factors namely; time, weight of alumina(A), weigh of SDS(S), and
concentration of MB were chosen as effective parameters in this research. It is concluded that
the concentration of MB no significant effect on the removal efficiency. So the most important
factors were as follows; weight of alumina, weight of SDS, and time.
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