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ABSTRACT

The objectives of this investigation are to obtain optimal adsorption conditions for direct
red 81 (DR81) and methylene blue (MB) from aqueous solution on NaOH-modified rice
husk (NaOH-RH) using response surface methodology (RSM). A Box-Behnken design
(BBD) statistical experimental design was used to investigate the adsorption of DR81 and
MB on NaOH-RH. For DR81, pH (4-7), initial concentration of dye (25-125 mg/1), adsorbent
dose (2-6 g/1) and for MB pH (7-10), initial concentration of dye (25-125 mg/1) and adsor-
bent dose (0.25-0.75 g/1) were selected as independent variables. The results showed that
the predicted values for both dye adsorptions were close to the experimental values and
were in a good agreement, on the other hand, the R? values for DR81 (R? = 0.9685) and MB
(R?* = 0.9832) indicated that the regression is able to give a good predict of response for the
adsorption process in the range studied. From the BBD predictions, the optimal conditions
in the adsorption process for removing 54.04% of DR81 were found to be 25 mg/1 initial
dye concentration and 6 g/l adsorbent dose at pH 4. Also, removing 97.66% of MB was
found to be 25 mg/1 initial dye concentration and 0.595 g/1 adsorbent dosage at pH 8.89.
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1. Introduction

Many industries such as food, textile, paper, phar-
maceutical, plastic, and several other industries may
have been using a lot of types of dyes in their process-
ing and manufacturing operations. The majority of
these industries use large volumes of water. Therefore,
they generate effluent that may have a large amount

*Corresponding author.

of different types of dyes and enter into the environ-
ment [1-3]. For example, some of these dyes like
direct red 81 (DR81) and methylene blue (MB) may
cause adverse effects such as aesthetic, carcinogenic,
and toxicity consequently can harmful on human
beings, animals, and plants [4-9]. The existence of
benzene rings in the dye compounds makes them
toxic. MB and DR81 are hazardous pollutant on the
environment and have toxic effects on the human
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being and animals [5,7,10]. One of the major problems
about the removal of dyes from some industries
wastewater such as textile is the non-biodegradability
of the most of dyes due to the aromatic structure of
them and the quality of wastewater, so in many treat-
ment plants that use biological methods, they do not
have efficiency for degradation and decolorization for
them [10].

A lot of methods and techniques such as precipita-
tion, filtration, reverse osmosis, coagulation, adsorp-
tion, chemical degradation, biological, and enzymatic
treatment have been used in wastewater treatment
[11-14]. One of the most important points in selection
of techniques is low-cost, availability, and feasibility
applications of methods for removal of hazardous pol-
lutant from aqueous solution [15-17]. Among these
methods, dye adsorption is comparatively a cost-
effective method [18-20]. Several adsorbents have been
suggested for the adsorption of dye from aqueous
solution, such as perlite [21], montmorillonite clay
[22], activated carbon [23], carbon nanotubes [24], pea-
nut husk [20,25], hen feather [26,27], and bottom ash
[28]. So investigators always put effort to find a better
adsorbent or modify them for enhancing their dye
adsorption efficiency, one of them can be rice husk,
whether natural or modified.

Many uses of rice husk and rice husk ash have
been suggested in the papers for adsorption of pollu-
tants, such as ammonia nitrogen [29], oil or oil prod-
uct [30], humic acids [31], dyes [32-34], and heavy
metals ions removal from aqueous solution [35,36],
also removal of dibenzothiophenes in kerosene [37].

Rice husk consists of cellulose, hemicelluloses,
crude proteins, lignin, and silica. Since the hydrolyz-
ing hemicellulose, de-polymerizing lignin, and break-
ing the covalent association between lignocellulose
components by NaOH solution, it can affect the
molecular, supramolecular, and morphological charac-
teristics of cellulose and changes crystallinity, accessi-
bility, pore structure, and hardness. NaOH also
modify chemical and mechanical properties of rice
husk and clean natural dirties such as fats and waxes
from the surfaces and consequently revealing func-
tional groups like —OH. Therefore, this modifying
technique can be useful for the surface modification of
rice husk for increasing the capacity of adsorption
[38—41].

The objective of this work was to study the poten-
tial of NaOH-modified rice husk as a low-cost adsor-
bent for the adsorption of DR81 and MB from
aqueous solutions. Several operating conditions may
be influence the adsorption efficiency. Therefore, in
this study, the effects of pH, initial concentration of
dyes, and adsorbent dose on DR81 and MB adsorption

rate have been investigated. The response surface
methodology (RSM) is one of the best methods to
investigate the main and interaction effects of inde-
pendent variables on dependent variables that require
a few numbers of experiments to determine optimum
condition of operating parameters, so it is relatively a
time-saving method that reduce the cost of classical
one [42]. Thus, to find the optimum conditions of
sorption process of these dyes on NaOH-modified rice
husk and introducing a mathematical model for it,
RSM based on Box-Behnken Design (BBD) had been
used that shows the influence of each variable and
their interactions.

2. Materials and methods
2.1. Chemicals

Sodium hydroxide (NaOH) was purchased from
Merck (Darmstadt, Germany). Synthetic dyes were
provided by Alvan Sabet Co. (Tehran, Iran). The
chemical structure of DR81 and MB is shown in Fig. 1.
All other reagents and chemicals were of the highest
purity available.

2.2. Preparation of NaOH-RH adsorbent

The rice (Hashemi) husk was collected from a local
rice mill of Guilan province of Iran. First, rice husk
was passed through 2-mm sieve size to clean the dust.
Then, biomass treated and washed repeatedly by dis-
tilled water to eliminate dust and other impurities,
until to obtained clear effluent. After that, it was dried
in oven 60°C for 24 h. The rice husk obtained from
this stage was immersed in the 5% solution of sodium
hydroxide (NaOH), and the mixture was autoclaved
at 121°C for 15 min at 10 psi. Then, it kept in room
temperature for 24 h. After this time, it was filtered
and washed many times with distilled water until
color was removed and clear water with neutral pH
obtained in the effluent. Then, the rice husk was dried
at 40°C for 24 h. Finally, it was labeled as NaOH-RH
and stored to use in all experiments.

2.3. Preparation of dye solution

The stock solution of DR81 and MB at a concentra-
tion of 1,000 mg/l was prepared by dissolving in
deionized water. The required dye concentration was
prepared from the stock solution by dilution. The
three levels of pH were adjusted by 0.1 N NaOH or
01N HCl and were measured by pH meter
(metrohm, 827 pH lab). The concentration of dyes
was measured photometrically using UV-Vis
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Fig. 1. Chemical structure of dyes DR81 (left) and MB (right).

spectrophotometer (Shimadzu UV 1700, Japan) at the
maximum absorbance wavelength for each dye,
509 nm for DR81 and 665 nm for MB.

2.4. Batch adsorption studies

The adsorption study conducted by shaking 50 ml
of each dye solution in a 100-ml Erlenmeyer flask
according to the pH, concentrations of dyes, and
adsorbent dose in Table 2. After keeping the solution
flask under agitation rate 150 rpm on rotary shaker for
3 h, the adsorbent was separated by keeping the solu-
tion under settling condition for 15 min and the sam-
ples were analyzed for dye concentration.

2.5. Box—Behnken factorial design of experiments

In this study, the RSM was used to determine the
effects of operating conditions in the removal of DR81
and MB from aqueous solutions through adsorption
process by NaOH-RH. One of the most important
advantages of RSM is the need to less number of runs,
so it is a time- and money-saving method. The other
benefit of this method is the capability of illustrating
variables that shows more impact and influences the
variation of one variable on the other variables.

To investigate the effect of three factors on removal
efficiency of dyes, Box-Behnken factorial design
method was used. As shown in Table 1, three factors
at three different levels (=1, 0, +1) selected for the
determination of optimal conditions were designated
as A, B, and C, corresponding to pH, initial concentra-
tion of dyes, and adsorbent dose.

The results of the experimental design were ana-
lyzed and interpreted using the software MINITAB 14
(PA, USA) and Design-expert version 7.0.0 (Stat-Ease,
trial version), and along with the main effects, the
interactions of all factors were determined. The coded
mathematical model for these designs can be given by
the following quadratic (Eq. (1)):
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R = Xo+ X1A + XoB + X3C + X4AB + X5AC + XBC
+ X7;AA + XgBB + XoCC

1)

where R is the predicted percentage removal of each
dye; Xy is the intercept; X;_¢ are the estimated regres-
sion coefficients of the linear, square, and interaction
effects; and A, B, and C are the coded factors (Table 1).

3. Results and discussion
3.1. Design of experiments

According to the Table 2, the experimental, pre-
dicted, and residual results accomplished with vari-
able matrix which adapted from BBD were shown in
the studies of combined effects of factors (pH, initial
concentration of dyes, and adsorbent dose) in three
levels (-1, 0, +1), based on RSM for removal of DR81
and MB. There were 15 runs for studying the process
of each dye removal, which three of them are repeti-
tive in center points (0, 0, 0).

3.2. Normal probability

One of the ways to investigation of model ade-
quacy is examination of residuals. The normal proba-
bility plot of the residuals can indicate to the
normality of data that obtained from experiments. If
the data points fall fairly close to a straight line, that
is, the data are normally distributed, and data are reli-
able [43]. The normal probability plot of the residuals
with a 95% confidence for DR81 and MB was shown
in Fig. 2(a) and (b), respectively. It can be seen from
these figures that for both dyes, the points fall fairly
close to the straight line. Consequently, we can say
that the data from the experiments come from a nor-
mally distributed population and they were reliable.
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Table 1

Experimental ranges and levels using BBD of independent variables for DR81 and MB adsorption

Code levels

Independent variables Coded symbol DR81 MB
-1 0 1 -1 0 1

pH A 4 5.5 7 7 8.5 10
Initial concentration of dye (mg/1) B 25 75 125 25 75 125
Adsorbent dose (g/1) C 2 4 6 0.25 0.5 0.75
Table 2
Experimental and predicted results and variable matrix from BBD for DR81 and MB removal

Values of Adsorption efficiency (%)

independent

variables DR81 MB
Run A B C Experimental Predicted Residual Experimental Predicted Residual
1 0 -1 -1 33.33 32.48 0.84 87.68 86.38 1.29
2 1 -1 0 28.38 27.21 1.16 95.70 94.61 1.08
3 -1 0 -1 30.01 28.51 1.50 61.00 60.88 0.11
4 0 1 1 32.52 33.36 -0.84 78.92 80.21 -1.29
5 0 -1 1 41.68 41.34 0.34 94.80 95.77 -0.97
6 0 0 0 25.55 25.63 -0.09 85.56 85.42 0.14
7 1 0 -1 18.44 20.45 -2.00 74.90 77.27 -2.37
8 -1 -1 0 41.84 44.19 —2.34 85.20 86.60 -1.40
9 -1 1 0 32.11 33.27 -1.16 65.70 66.78 -1.08
10 0 0 0 25.66 25.63 0.02 85.50 85.42 0.08
11 0 0 0 25.70 25.63 0.06 85.20 85.42 -0.22
12 -1 0 1 45.87 43.86 2.00 80.10 77.72 2.37
13 1 0 1 21.82 23.33 -1.50 82.44 82.55 -0.11
14 1 1 0 24.01 21.66 2.34 81.40 79.99 1.40
15 0 1 -1 23.64 23.98 -0.34 68.46 67.49 0.97

Fig. 3(a) and (b) shows the parity plot comparing
the adsorption efficiency of model predicted values
for DR81 and MB vs. the experimental values, respec-
tively. As it can be realized, the predicted values for
both dye adsorptions were close to the experimental
values and were in good agreement, on the other
hand, the R? values for DR81 (R?=0.9685) and MB
(R? = 0.9832) indicate that the regression is able to give
a good predict of response for the adsorption process
in the range studied. This judgment is in agreement
with normal probability plots of residuals (Fig. 2).

3.3. Analysis of variance (ANOVA)

The effect of a factor is defined as the change in
response produced by a change in the level of the
factor, and it was statistically significant at p < 0.05

[44]. As shown in Table 3, the main effects A, B, and
C and interactions AC, and B> are significant for
DR81, and for MB, the main effects A, B, and C and
interactions AC, A* and C? are high significant.

The following simplified second-order polynomial
equations have been given from the Analysis of vari-
ance (ANOVA) output by substituting the coefficients
X; in Eq. (1) by their values for each dye:

(%)Rprs1 = +25.64 —7.15A —4.12B + 456 C — 3.12 AC
+4.85B%

)
(%)Rmp = +85.42 + 5.30A — 8.61B + 5.53C — 2.89AC
— 5.64A% — 5.17C?
3)
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Fig. 2. Normal plots of residuals for (a) DR81 and (b) MB.

where R is the percent adsorption efficiency of DR8I
and MB; A, B, and C are the coded values of the oper-
ational variables pH, initial dye concentration, and
adsorbent dose, respectively.

As shown in Table 3, the results revealed that the
second-order polynomial models, Egs. (2) and (3),
were statistically significant and sufficient to represent
the actual relationship between the efficiency of
adsorption and the significant variables, with p value
0.0030 and 0.0007, and satisfactory coefficient of deter-
mination R = 0.9685 and R* = 0.832 for DR81 and MB,
respectively.

3.4. Main and interaction effects of variables

Table 3 for DR81 shows that the main effect of all
three variables is statically significant, and the pH of
solution was found to have the greatest effect on the
response, with the highest F value of 73.06, while the
initial concentration of dye and adsorbent dose showed
lower effect than pH about the adsorption efficiency.
According to Table 3, the interaction effects between
pH and adsorbent dose are significant due to the lower
values of p (0.0461). In addition, the quadric effect of
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Fig. 3. Parity plot comparing the adsorption of (a) DR8I
and (b) MB data with the model predictions by Egs. (2)
and (3), respectively.

initial concentration of dye with low p value 0.0109 is
statically significant. However, the other variables inter-
actions due to their higher values of p were insignifi-
cant. The response surface graphs in Fig. 4(a)—(c) shows
the effects of the all variables on the adsorption effi-
ciency of DR81. According to the coefficient of pH
(=7.15) in Eq. (2), and Fig. 4(a) and (b), it has been found
that the pH has negative effect on the adsorption effi-
ciency of DR81 by NaOH-RH. Therefore, with the
increase in pH values, the adsorption percentage
decreases, this may be due to the DR81 that is anionic
dye and will be hardly adsorbed onto the surface of
NaOH-RH under neutral or alkaline conditions, which
has -OH functional groups. This observation is in
agreement with those reported previously by other
researchers for adsorption of DR81 by chitosan that
have amino functional groups [45]. It has been found
that (Fig. 4(a) and (c)) with the increases of the initial
concentration of DR81, the adsorption percentage
decreases, while the amount of dye removed at equilib-
rium (14.77 mg/g) is more than when the initial concen-
tration of DR81 is low. This is consequence the driving
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Table 3
ANOVA for experimental responses of DR81 and MB adsorption
DR81 MB
Sum of Mean Sum of Mean
Source DF squares square F value Prob.>F DF squares square F value Prob. > F
A 1 408.63 408.63 73.06 0.0004 1 22514 225.14 49.06 0.0009
B 1 135.66 135.66 24.25 0.0044 1 593.40 593.40 129.30 <0.0001
C 1 16624 166.24 29.72 0.0028 1 24443 244.43 53.26 0.0008
AB 1 717 7.17 1.28 0.3088 1 676 6.76 1.47 0.2791
AC 1 3890 38.90 6.95 0.0461 1 3341 33.41 7.28 0.0429
BC 1 0.070 0.070 0.013 0.9151 1 279 2.79 0.61 0.4709
A? 1 444 4.44 0.79 0.4139 1 11735 117.35 25.57 0.0039
B? 1 86.90 86.90 15.54 0.0109 1 1816 18.16 3.96 0.1034
c? 1 19.62 19.62 3.51 0.1200 1 9879 98.79 21.53 0.0056
Model 9 85872 95.41 17.06 0.0030 9  1,340.05 148.89 32.44 0.0007
Residual 5 2797 5.59 5 2295 4.59
error
Lac of fit 3 2795 9.32 1,489.36 0.0007 3 2287 7.62 204.95 0.0049
Pure error 2 0.013 0.006 2 0.074 0.037
Total 14 886.68 14 1,363.00

Notes: DR81: R? = 0.9685; MB: R? = 0.9832.

force of high concentration of dye to the mass transfer
between the aqueous and solid phase. This is in agree-
ment with our previous study of DR81 adsorption on
pumice [7]. The results showed that, because of the
greater surface area can provide more availability of
adsorption sites, with increase in adsorbent dosage of
NaOH-RH, the adsorption efficiency of DR81 was
increased. It can be seen from Fig. 4(b) and (c).

In the case of MB, like DR81 adsorption, the main
effect of all three variables is statically significant, but
the initial concentration of dye solution was found to
have the greatest effect on the response, with the high-
est F value of 129.30, while the pH and adsorbent dose
showed lower effect than initial concentration of dye
regarding the adsorption efficiency. In the case of
interaction effects, according to Table 3, the interaction
effects between pH and adsorbent dose are statically
significant due to the lower values of p (0.0429). Addi-
tionally, the quadric effects of pH and adsorbent dos-
age with low p values 0.0039 and 0.0056, respectively,
are statically significant. Nevertheless, the other vari-
ables interactions due to their p values, which are
higher than 0.05, were insignificant. The response sur-
faces graphs in Fig. 5(a)—(c) shows the effects of the all
variables on the adsorption efficiency of MB. Accord-
ing to the coefficient of pH (5.3) in Eq. (3) and
Fig. 5(a) and (b), it revealed that the pH has positive
effect on the adsorption efficiency of MB on the
NaOH-RH. Consequently, with the increase in pH

values, the adsorption percentage increased, this is
due to that the MB is cationic dye and will be easily
adsorbed on the surface of NaOH-RH under alkaline
conditions, which has -OH functional groups. This
observation is similar to other studies results [5,39]. It
has been found that (Fig. 5(a) and (c)) with the
increases in concentration of the initial concentration
of MB, the adsorption efficiency decreases, while the
amount of dye removed at equilibrium (342.3 mg/g)
is more than when the initial concentration of MB is
low. This is in agreement with other studies of dye
adsorption [38,39]. Fig. 5(b) and (c) shows the adsorp-
tion efficiency of MB as a function of NaOH-RH dos-
age. Similar to the DR81 adsorption, the results
revealed in Fig. 5(b) and (c) demonstrate that the
adsorption efficiency of MB increases with increasing
adsorbent dose. The increase may be explained by an
increase in the surface area of the NaOH-RH samples.

3.5. Optimization

To be aware of the optimum values of variables
for dye adsorption, using a numerical technique with
the software Design-expert version 7.0.0 (Stat-Ease,
trial version), the accurate optimal values of the vari-
ables were obtained to find the specific point that
maximizes the efficiency. The main objective of opti-
mization was to maximize adsorption efficiency of
both dyes. The results showed that the optimal pH,
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Fig. 4. Response surfaces from BBD showing the effects of
(a) pH and initial concentration of dye, (b) pH and adsor-
bent dose, and (c) initial concentration of dye and adsor-
bent dose on adsorption of DR81.

initial concentration of dye, and adsorbent dosage for
DR81 adsorption are 4, 25 mg/l, and 6 g/l, respec-
tively, which results to the highest efficiency (54.04%)
of adsorption. While in the case of MB, the optimal

R (%)

R (%)

R (%)

Fig. 5. Response surfaces from BBD showing the effects of
(a) pH and initial concentration of dye, (b) pH and adsor-
bent dose, and (c) initial concentration of dye and adsor-
bent dose on adsorption of MB.

pH, initial concentration of dye, and adsorbent dos-
age are 8.89, 25mg/l, and 0.595g/l, respectively,
which results to the highest efficiency (97.66%) of
adsorption.
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4. Conclusions

The Box-Behnken is a good design for RSM. It can
be employed to develop mathematical models for pre-
dicting DR81 and MB adsorption on NaOH-RH. This
study investigated the optimization of DR81 and MB
on NaOH-RH applying the Box-Behnken experimental
design methodology. The results showed that pH and
adsorbent dose were important factors in the adsorp-
tion efficiencies for both dyes. The adsorption efficien-
cies for DR81 decrease with increasing pH but for MB
it increase with increasing the pH. The adsorption effi-
ciency decreases with increasing initial concentration
of both dyes, and it increases with increasing the
adsorbent dose for both dye. The optimal conditions
for the maximum adsorption of DR81 (54.04% from
prediction) were 25 mg/1 initial dye concentration and
6 g/1 adsorbent dosage at pH 4. In the case of MB, the
optimal conditions for the maximum adsorption
(97.66% from prediction) were 25 mg/1 initial dye con-
centration and 0.595 g/1 adsorbent dosage at pH 8.89.

The NaOH-RH adsorption capacity was 14.77 and
342.43 mg/g, respectively, for the DR81 and MB. So it
can be realized that NaOH-RH has excellent adsorp-
tive characteristics for the removal of MB as cationic
dye from aqueous solution. However, it may not be a
very good adsorbent for DR81 as anionic dye.
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