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a b s t r a c t
Non-activated carbons prepared from orange peels were used as a low-cost adsorbent for the removal 
of an azo dye, methyl red. A methodology of surface response was used, this kind of designs estimate 
the coefficients of a quadratic polynomial mathematical model, whose essential interest is to be able to 
predict in any point of the experimental region, the values of the response. The effects of pH, stirring 
speed and adsorbent dose were investigated and the optimal conditions were ascertained by response 
surface methodology using Doehlert model. Results showed that stirring speed and pH were the main 
influent parameters on the removal of azo dye by adsorption onto non-activated carbon from orange 
peels. The statistical analysis of the experimental data assumes that they have a normal distribution. 
In this research, orange peels were demonstrated as a low-cost and efficient adsorbent for dye removal 
from aqueous solutions.
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1. Introduction

Textile industry uses large volumes of water and gen-
erates important quantities of wastewater containing large 
amounts of dissolved dyes. About 50% of the dyes used 
are azo dyes [1,2]. These dyes can affect ecosystem and the 
aquatic flora and fauna. They can also cause health hazards 
because some of dyes are toxic and/or carcinogenic [3–5]. 
Some works report that ground water is also affected by 
these pollutants due to leaching from the soil [6,7].

Therefore, the toxicity and mass production of dyes leads 
to the necessity of treatment. Several processes are used to 
treat dyes laden wastewater such as biodegradation [8–11] or 
chemical and oxidative process [11–16]. However these tech-
niques have limitations since the dyes are recalcitrant organic 
molecules, resistant to aerobic digestion, and stable to light 
and oxidizing agents [17].

Physicochemical processes are generally used for the 
wastewater color removal. These processes include electro-
coagulation [18], coagulation/flocculation [11,19], membrane 
filtration [20,21] and adsorption [18,22]. The adsorption 
with activated carbon is one of the best techniques able to 
eliminate dye from aqueous effluent [17,23]. However, its 
widespread use is restricted due to its high cost [17,24]. 
In order to decrease the cost of treatment, development of 
both effective and low-cost adsorbents had been made from 
agriculture by-products and biomass such as rice husk [25], 
coffee residues [17], tea [26], coconut shell [27], corn cobs [28], 
olive stones [29], peanut hull [2], bagasse [30] and orange 
peels [7,31–33].

This paper reports on removal of methyl red, an azo 
dye, from aqueous solutions with non-activated carbon pre-
pared from orange peels as potential low-cost adsorbents. 
Indeed, in front of the large production of oranges, a huge 
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amount of orange peels is generated. In order to valorize this 
agricultural waste, it can be used as a biosorbent.

In this study, the preparation and characterization of the 
biosorbent were performed. Additionally, the batch adsorp-
tion behavior was investigated, studying the effect of pH, 
adsorbent dose and the stirring speed. The main scopes of 
this study are to obtain the optimum conditions for removal 
of methyl red using response surface methodology (RSM) 
approach.

2. Experimental

2.1. Preparation of the biosorbent

Oranges (Citrus sinensis) were purchased from a local 
fruit market, washed with tap water to eliminate dust and 
other residues and peeled. The orange peels were oven-dried 
at 60°C for 24 h. The dried peels were cut in small pieces 
and then crushed and further rinsed with warm water, dried 
again at 60°C for 24 h and finally sieved. The fraction of par-
ticle diameter between 500 and 1,000 μm was selected as 
biosorbent (abbreviated as OP).

2.2. Adsorbate and reagents

The synthetic wastewater was prepared with distilled 
water and azo dye methyl red (20 mg L–1) as the model 
organic compound. Methyl red (C15H15N3O2, MW = 269.3, 
λmax = 520 nm) was procured from Sigma-Aldrich (Tunisia). 
The structure of the dye is shown in Fig. 1. All reagents used 
were of analytical reagent grade.

2.3. Batch adsorption experiments

Adsorption experiments were carried out in a batch 
system using Erlenmeyer flasks under magnetic stirring. 
Afterwards, all samples were centrifuged and filtered then 
the concentration of dyes was calculated from the measured 
absorbance at the maximum absorption wavelength by 
means of an UV–Vis spectrophotometer (Thermo Scientific 
Evolution 201, Tunisia). Dye removal percentage was 
calculated as follows:

Dye Removal %( ) = −
×

C C
C

e0

0

100  (1)

with C0 and Ce as the initial and equilibrium dye 
concentrations, respectively.

2.4. Characterization of the biosorbent

The total and individual amount of acidic functional 
groups and the total basic functional groups on the surface 
of the prepared OP were determined by titration following 
Boehm’s method [34]. Average values expressed as millimole 
per gram of sample are reported. Identification of surface 
functionalities of OP was complementary conducted by 
Fourier transformed infrared (FTIR) spectroscopy. The 
spectra were recorded using a Bruker Platinum vertex 80 v 
spectrometer (Tunisia) within the range 600–4,000 cm–1. 
The pH of point of zero charge (pHpzc) for OP was evaluated 
[35]. Textural properties were assessed from N2 adsorption 
isotherms with an automatic Micromeritics ASAP-2020 
HV volumetric sorption analyzer (Tunisia). The Brunauer–
Emmett–Teller (BET) surface area (SBET) was determined 
by the standard BET procedure; total pore volume (Vt) was 
estimated from the amount of nitrogen adsorbed at the 
relative pressure of 0.95; mean pore width pore size (W) was 
determined with Barrett–Joyner–Halenda (BJH) model.

3. Results and discussion

3.1. Characterization of biosorbent

Chemical characteristics and textural properties of OP 
are presented in Table 1.

The pHpzc indicates the acidic nature of the orange peel–
based adsorbent. It shows that the number of acid groups is 
close to that of basic groups. Moreover, it is noted that the 
majority of acidic groups are carboxylic having pKa (3–3.5) 
similar to pHpzc.

Further insight into possible functional groups pres-
ent on the surface of the prepared OP was obtained from 
the FTIR spectrum (Fig. 2). It displays a number of charac-
teristic peaks. The broad, intense absorption peaks around 
3,321 cm–1 are indicative of the absorption of water molecules, 
resulting from the O–H stretching mode of hydroxyl groups 
characteristic of adsorbed water, while the bands at 3,100 
and 2,921 cm–1 were attributed to C–H interactions with the 
surface of the adsorbent. The peak at 1,735 cm–1 is due to 
the C=O stretching that can be attributed to the carboxylic 

Fig. 1. Methyl red structure.

Table 1
Chemical characteristics and textural properties of OP

pHpzc 3.5

Surface functional groups (mmol g–1)
Total basics functional groups 2.44
To tal and individual amount of acidic 

functional groups
2.41

Carboxyls 2.27
Lactones 0.12
Phenols 0.02

Textural properties
SBET (m2 g–1) 2.6715
Vt (cm3 g–1) 0.0014
W (Å) 21.0002
Vm 0.6138
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functions. The peak observed at 1,605 cm–1is due to the C=C 
stretching that can be attributed to the aromatic C–C bond. 
The peak around 1,357 cm–1 is due to the symmetric bend-
ing of CH3 and the peaks around 1,276 cm–1 are due to C–O 
stretching of COOH.

The N2 adsorption/desorption isotherms, illustrated in 
Fig. 3, shows a type I shape, according to Brunauer et al. [36] 
classification which is typical for microporous solid with a 
diameter less than 2 nm and covered by a monolayer. The 
presence of desorption hysteresis loop (H3 type) is associated 
to slit-shaped pores [34,37]. Textural parameters, as evaluated 
from isotherms, are reported in Table 1. As can be observed, 
OP shows a low value of BET surface area (SBET = 2.67 m2 g–1) 
and total pore volume (Vt = 0.0014 cm3 g–1) in agreement with 
other experiments reported on the utilization of orange peels 
as biosorbent [32,33,38–40]. The mean pore width (W = 21 Å) 
confirms the microporous property of the OP determined by 
N2 adsorption/desorption isotherms.

3.2. Preliminary study

During this part, we focused on the pre-optimization of 
the experimental parameters by varying a single parameter 
at each study.

3.2.1. Effect of stirring speed

In order to evaluate the influence of the stirring speed, 
100 mL of 20 mg L–1 MR solutions (pH = 6.5) with 1 g of 
OP were carried out with a variation of the stirring speed 
of 250 rpm up to 500 rpm. As shown in Fig. 4, dye removal 

percentage reaches 70% in 30 min for a stirring speed equal 
to 375 rpm. However, the adsorption is slower for a speed 
of 250 rpm; it reaches 60% after 2 h. This can be explained 
by the fact that at low speeds, the contact time between the 
adsorbent and MR molecules is minimized. Otherwise, for 
a speed equal to 500 rpm, it is noted that the percentage of 
elimination varies slowly as a function of time to reach 50% 
after 4 h of contact. This can be explained by the fact that for 
high speeds, the turbulences generated within the medium 
do not favor the adsorption of the pollutant.

3.2.2. Effect of adsorbent dose

Doses of adsorbent from 0.25 to 1 g were brought into 
contact with 100 mL of 20 mg L–1 MR solutions (pH = 6.5) 
with a stirring speed of 375 rpm. The results obtained are 
shown in Fig. 5. Usually the percentage of dye removal 
increases with increasing adsorbent dosage [41]. In fact, 
the increase in the mass of the adsorbent increases the total 
surface area and therefore the number of available adsorp-
tion sites and consequently the increase in the amount of 
the adsorbed dye. Thus the kinetics of adsorption strongly 
depends on the adsorbent dose. It should be noted that for 
0.25 g per 100 mL we reached 65% after 150 min. For 0.5 g per 
100 mL, we reached the same adsorption rate after 90 min 

Fig. 2. FTIR spectra of OP.
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Fig. 3. N2 adsorption/desorption isotherms of OP.
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Fig. 4. Effect of stirring speed on the adsorption of MR.
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and for 1 g per 100 mL the same yield is achieved after only 
30 min of contact time.

3.2.3. Effect of pH

The pH is a very important controlling parameter in the 
adsorption process especially for dye adsorption [31,41]. 
The effect of initial solution pH on the adsorption of MR 
from aqueous solution was investigated in the pH range 
between 3 and 11 (which was adjusted with 0.1 M HCl or 
0.1 M NaOH using 100 mL of a 20 mg L–1 initial MR concen-
tration and 1 g of OP for 2 h of contact (corresponding to the 
equilibrium time).

As shown in Fig. 6, a maximum of dye removal per-
centage is reached (≈70%) for pH range between 6.5 and 
7.5. Then it decreases at high pH solution (50% at pH = 11) 
even at low pH solution to reach 40% at pH = 2. Indeed, at 
high pH solution, the positive charge at the solution inter-
face decreases and the adsorbent surface appears negatively 
charged because pH > pHpzc [31]. Lower adsorption at higher 

pH may be due to the abundance of OH– ions causing ionic 
repulsion between the negatively charged surface and the 
dye molecules charged negatively [31,41–43]. However, at a 
low pH solution, the positive charge on the solution inter-
face will increase and the adsorbent surface appears to be 
positively charged (pH < pHpzc) [43]. Consequently lower 
adsorption at acidic pH can be attributing to the competition 
between H+ and MR molecule charged positively [31,41–43]. 
Similar type of behavior is also reported for the adsorption of 
dye with different adsorbents [30,42,44,45].

3.3. Optimization of experimental parameters

Optimization of experimental parameters is done by 
using RSM. The methodology is more economical and effec-
tive than the traditional “one-at-a-time” way [46]. It is a very 
effective and time saving model for studying the influence 
of experimental parameters on the response by significantly 
reducing the number of experiments and hence facilitating 
the optimum conditions considering interactions between 
experimental parameters [47]. In this study, RSM via Doehlert 
design was employed. This matrix makes it possible to esti-
mate the coefficients of a second-order function, which is 
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Fig. 6. Effect of pH on the adsorption of MR after 2 h.

Table 2
Experimental values and coded levels of factors variables

Coded values 
of the variables

Variables –1 (Low) 0 +1 (High)

X1 U1: pH 5 7 9
X2 U2: Adsorbent dose 

(g per 100 mL)
0.25 0.5 0.75

X3 U3: Stirring speed 
(rpm)

250 375 500

Table 3
Experimental and design matrix

N° Doehlert design matrix Experimental matrix Dye removal percentage

X1 X2 X3 U1 U2 U3 Experimental Y 
Yexp

Predicted Y
Ypred

1 1 0 0 9 0.500 375 30 37
2 –1 0 0 5 0.500 375 63 57
3 0.5 0.866 0 8 0.717 375 66 62
4 –0.5 –0.866 0 6 0.284 375 65 69
5 0.5 –0.866 0 8 0.284 375 55 53
6 –0.5 0.866 0 6 0.717 375 65 67
7 0.5 0.287 0.816 8 0.572 477 58 55
8 –0.5 –0.287 –0.816 6 0.428 273 28 31
9 0.5 –0.287 –0.816 8 0.428 273 22 17
10 0 0.577 –0.816 7 0.644 273 16 18
11 –0.5 0.287 0.816 6 0.572 477 57 62
12 0 –0.577 0.816 7 0.356 477 51 49
13 0 0 0 7 0.500 375 72 72

R2 = 0.9535.
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able to predict, at any point in the experimental domain, the 
values of the answer (Y) [47].

The calculated predictions must be as close as possi-
ble to the experimental values. The number of experiments 
for k factors is N = k2 + k + 1. If Y (% removal after 2 h of 
contact) is the response, then mathematical relationship of 
the responses is:

Y = b + b X + b X + b X + b X + b X + b X +
b X X + b X X + b
0 1 2 2 3 3 11 1

2
22 2

2
33 3

2

12 1 2 13 1 3

1

223 2 3X X  (2)

where b0 intercept; b1, b2 and b3 are linear coefficients; b11, b22 
and b33 are squared coefficients; b12, b13 and b23 are the second- 
order interaction terms and X1, X2 and X3 are the dimensionless 
coded factors of the following parameters studied pH, 
adsorbent dose and the stirring speed, respectively.

Experimental domain, deduced from the preliminary 
study (3.2) is illustrated in Table 2.

Doehlert design and experimental matrix for our three 
factors is then formed of 13 experiments as reported in 
Table 3.

Using the experimental results from Table 3, the 
second-order polynomial equation was fitted to the data 
appropriately and the equation is presented as follows:

Y X X X X X
X

= − + + − − −

+

72 10 2 021 20 412 25 5 3 834
42 66 6 354

1 2 3 1
2

2
2

3
2

. . . .
. . 11 2 041 18 6181 2 1 3 2 3X X X X X X+ +. .

 (3)

Fig. 7. Normal plot of residues.
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This model presents a good agreement among the 
model’s predicted values and the experimental values 
(R2 = 0.9535). Data obtained were also analyzed to check the 
normality of the residuals as shown in Fig. 7. From the plot, 
the data points lie reasonably close to a straight line; this 
shows that the developed model is adequate.

Fig. 8 shows the Pareto effects of factors and their 
interactions. It can be seen that the effect of pH is estimated 
at 11%. It is a significant factor (>5%) having a negative 
effect on the adsorption of methyl red. Moreover, the effect 
of the stirring speed is also a significant factor estimated 
at 45.7% (b3 = +20.4) so an increase in stirring speed has a 
positive effect on the removal of the methyl red. The effect 
of the adsorbent dose–stirring speed interaction is the only 
significant interaction (38%). This effect is estimated at +18, 
thus these two parameters inter-react together to improve 
the adsorption of MR. Factors and their interaction having 
an estimated effect <5% are non-significant on the adsorption 
process.

In order to find the optimal conditions for the reaction, 
a response surface model was established (Fig. 9) by using 
NemrodW® program.

The maximum isoresponse plots (Y = 72%) cross the 
origin of the axes. Thus the optimum of each factor is its cen-
tral value (Xi = 0), namely a pH = 7; a biosorbent dose = 0.5 g 
per 100 mL of treated solution and a stirring speed = 375 rpm. 
In order to study the reproducibility of the optimized adsorp-
tion process, methyl red’s adsorption was carried out three 
times under optimal conditions. Results are summarized in 
Table 4.

The repetition of the adsorption of methyl red on the 
bioadsorbent leads to an average equal to 71.4% and a 
CVR ≈ 1%. This reproducibility coefficient is less than 5%, so 
the optimized adsorption process is considered reproducible. 
The results confirmed the validity of the model.

4. Conclusion

In this study, adsorption of methyl red onto non-activated 
carbon prepared from orange peels was studied. The Doehlert 
matrix has been used to build a mathematical model, which 
allowed establishing the optimal working conditions for the 
removal of dyes by adsorption. Results showed that for pH = 7, 
adsorbent dose = 0.5 g per 100 mL of treated solution and a 
stirring speed = 375 rpm for 2 h of contact and an initial con-
centration of dye = 20 mg L–1, a removal dye efficiency = 72% 

is reached. These results show good effectiveness of the use 
non-activated carbon prepared from orange peels as low-cost 
adsorbent for dye removal from aqueous solution.
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