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Abstract: In this study, Chemical activation was used to prepare a low-cost activated carbon (AC) from
agricultural waste material: Cucumis melo. It was used as a green biosorbent for the removal of cationic
and anionic dyes from aqueous solutions (Methylene blue (MB) and Acid orange 7 (AOT7)).A full
factorial 2* experimental design was used to optimize the preparation conditions. The factors and levels
included are activation temperature (300 and 500°C), activation time (1 and 3 h), H3PO4 concentration
(1.5 and 2.5 mol/L), and contact time (60 and 90 min). The surface area of the activated carbons and
high removal efficiency of MB and AO7 was chosen as a measure of the optimization. The activated
carbon prepared at 500 °C, for 3 hours with an HsPO4 concentration of 2.5 mol/L and a contact time of
90 min, have the largest specific surface area (475 m?/g) and the percentage of discoloration of
methylene blue (99.4%). Furthermore, the greater value of AO7 removal (94.20%) was obtained at 3h
- activation time, 500°C - activation temperature, 1.5 mol/L - H3PO4 concentration with a 90 min contact
time.

Keywords: Cucumis melo; activated carbon; H3sPO, activation; full factorial design; specific surface
area; dyes.
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1. Introduction

Textile dyes are frequently utilized in unlimited industrial applications such as textile,
paint, printing, cosmetics, and food as a coloring agent [1]. The discharge of synthetic dyes
without treatment into the aqueous environment is one of the most important environmental
problems due to its risks on aquatic life and human health [2]. In the literature, numerous
techniques have been employed and investigated extensively to remove dyes from wastewater.
Activated carbons are very efficient and have been preferentially used for the adsorption of
dyes, but their use is restricted due to high cost [3]. The preparation of a new activated carbon
from a cheap and available source has proven useful [4,5].

Activated carbon (AC) is a long-known adsorbent characterized, among other things
[6], by its large specific surface area and its porous structure [7,8]. It can be prepared from any
solid matter containing a large proportion of carbon [9,10], often by carbonization followed by

https://biointerfaceresearch.com/ 12662


https://biointerfaceresearch.com/
https://biointerfaceresearch.com/
https://doi.org/10.33263/BRIAC115.1266212679
mailto:elhaddad71@gmail.com
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-1333-5577
https://orcid.org/0000-0002-5572-5303

https://doi.org/10.33263/BRIAC115.1266212679

physical or chemical activation. However, a process combining the two stages can be applied.
The main purpose of carbonization is to enrich the material with carbon and create the first
pores, while activation aims to develop a porous structure [11].

The preparation of activated carbon from local biomass by the chemical activation
method has been the subject of several studies [12-16]. The advantage of chemical activation
is to operate at low pyrolysis temperatures and a lower activation cost. High quality activated
carbon with a very large porous structure and large specific surface area is prepared by plant
biomass using orthophosphoric acid as a chemical activating agent. Controlling the texture and
porosity of activated carbon requires mastery of the steps in the process of synthesis of
activated carbon by physical or chemical activation, by optimizing the steps of the preparation
method.

For these reasons, the full factorial design (FFD) allows you to obtain the maximum
amount of information with the minimum of experience [17,18]. It allows a complete study of
the influence of all factors on the given process and their optimization. This by looking for a
simple mathematical model giving a good representation of the phenomenon studied.

Through this work, our contribution in this area is to prepare activated carbon by
chemical activation from the residues of Cucumis melo with orthophosphoric acid (HsPO4) as
an activating agent. Then optimizing preparation parameters using FFD as a design technique
by analyzing the effects of independent variables comprising activation time, activation
temperature, the concentration of activating agent HsPO4, and contact time on the prepared
activated carbon surface and the capacity of removing cationic and anionic dyes: Methylene
blue (MB) and Acid orange 7 (AQO7) from aqueous solution.

2. Materials and Methods

2.1. Preparation of optimized AC.

The adsorbent materials used in this study are activated carbons prepared by varying
the preparation method's different parameters (Activation time, Activation temperature, the
concentration of activating agent).

2.1.1. Purification.

The residues of Cucumis melo are food waste collected. They are thoroughly washed
with tap water, then with distilled water, until the odor disappears and the rinse water is clear.
Then they are dried for 24 hours at a temperature of 110 °C in an oven. They are then crushed
and sieved to retain very fine particles, then washed several times with distilled water to remove
impurities (dust and water-soluble substances), then dried at 110 °C for 24 h before undergoing
chemical activation with phosphoric acid.

2.1.2. Chemical activation with phosphoric acid.

The retained particles are impregnated in a phosphoric acid solution with concentrations
ranging from 1.5 to 2.5 mol / L. The impregnated particles are kept in hermetically sealed flasks
until carbonization tests are carried out. The carbonization is carried out in an oven preheated
to an adequate temperature before the experiment starts to obtain equilibrium. Carbonization
is carried out at temperatures varying from 300 to 500 °C. and at times varying from 1 to 3 h.
The coals obtained are cooled to room temperature in desiccators. The active charcoals are
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washed in 0.1 M hydrochloric acid solutions to remove any carbonization residues and then
rinsed several times with distilled water to constant pH. The coals thus washed and rinsed are
dried at 105 °C for 24 h in an oven, then cooled in desiccators and stored away from air in
tightly closed flasks until characterization tests.

2.2. Adsorbates.

Two dyes were chosen as the cationic and anionic dye models, MB and AO7,
respectively. Table 1 shows the main characteristics of the used dyes.

Table 1. Some general characteristics of the used dyes [19].

Dye Chemical structure Molecular weight Amax (NM)
(9/mol)
9 - 4
2 -
3 Q‘a‘a 9 3
Methylene blue & Q‘ ‘J 9 "‘0 ® 319.86 663
=
o, ° * P
9
<2 *,»
D o
Acid orange 7 ’/“* K : 350.32 485
‘ NJ
2 o
-
@

The characterization of an activated carbon requires knowledge of its specific surface.
This surface is generally determined by Brunauer, Emmet, and Teller's method, commonly
known as the BET method. In our study, the determination of the specific surface was
calculated using the Langmuir isotherm.

2.3. Batch adsorption study.

The adsorption tests were carried out in batch mode by shaking the dye's synthetic
solutions in the presence of each of the active activated carbon. The solutions studied are
prepared by successive dilutions of the stock solutions until the desired concentrations are
obtained. The residual concentration of each of the dyes was determined using a UV/Visible
spectrophotometer (Jenway 6300). The absorbance was measured after centrifugation at 1500
rpm for 2 min of the solution treated using a centrifuge.

The percent removal (%) of dyes was calculated using the following equation:

% Removal dye = = 100 )

0
Where, Co is the initial dye concentration and Ce (mg/L) is the concentrations of dye at

equilibrium.
The amount of dye adsorption per unit mass of activated carbon at equilibrium, ge
(mg/g) was calculated by the following equation:
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qe (mg/g) = "%V )
Where, Ce (mg/L) is the liquid concentration of dye at equilibrium, Co (mg/L) is the initial
concentration of dye in solution. V is the volume of the solution (L) and m is the mass of
optimized activated carbon (g).
The Langmuir isotherm has been used to determine the specific surface area of
biological and inorganic materials [20,21]. The specific surface area was calculated by the
following equation [22]:

Qmax* AMp*N
SmB = % (3)

Where, Sms (m?/g) is the specific surface area; Qmax (Mg/g) is the maximum adsorption capacity
(calculated from the Langmuir isotherm); Awms is the occupied surface area of one molecule of
methylene blue = 197.2 A% [23]. N is the Avogadro’s number, 6.02 x 10% and M is the
molecular weight of MB (373.9 g/mol).

2.4. Design of experiment by FFD.

The factorial experimental design was used to optimize the preparation conditions of
Cucumis melo activated carbon and treatment performance in terms of removing cationic (MB)
and anionic (AQ7) dye at the same time by adsorption.

This study chose four factors: the activation time, the activation temperature, the
concentration of activating agent HsPO4, and the contact time. These factors are those which a
priori have a direct influence on the process of preparation of activated carbon. The quality and
effectiveness of our activated carbon prepared from Cucumis melo are determined by the
measurement of the specific surface area and the percentage of elimination of the dyes studied:
MB and AQO7. That is to say, in the range of factors studied, an increase in the percentage of
elimination of the dyes studied explains the increase in the quality of the activated carbon
prepared (a large adsorption capacity, a large specific surface, pore development) and vice
versa. The factors studied, accompanied by their range of variation, are given in Table 2.

Table 2. Experimental ranges and levels of the factors used in the factorial design.

Independent variable Coded symbol Range and level

+1
Activation time (h) A 1 3
Activation temperature (°C) B 300 500
Concentration of H3PO4 (mol/L) C 15 2.5
Contact time (min) D 60 90

3. Results and Discussion

3.1. Experimental results.

Our study used a full factorial design model 2", where 2 represents the number of
variation levels of each parameter and n = 4 the number of these parameters. The main factors
of the full factorial plan (2*) with 16 experiments carried out were studied with two levels
chosen from the interval studied, a higher level (+) and a lower level (-). The mathematical
relationship between the response (% R) and the four factors and their interaction were
represented by the following regression equation:

R(%)=Xo+X1A+X2B+X3C+ XaD+ Xs AB + Xs AC + X7 AD + Xg BC + X9 BD +
X10 CD + X11 ABC+ X12ABD + Xi13 ACD +X14 BCD +X1sABCD 4
https://biointerfaceresearch.com/ 12665
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Where, R represents the answer, in our case, it is the specific surface area of activated carbon
and the percentage of elimination of MB and AO7, Xo is the global mean, Xi represents the
other regression coefficients, Xij represents the effects of the interaction between the main
factors and A, B, C, D stands for a time of activation, the temperature of activation, H3PO4
concentration and contact time, respectively.

The experimental results' processing will also make it possible to develop statistical,
mathematical models giving the adsorption yield and the specific surface under the operating
conditions studied. The coefficients of the main factors, their interactions, and their
contribution percentages in the mathematical model developed are shown in Table 3.

Table 3. Values of model coefficients and percentage contribution of the three responses.

Main SS (m?/g) MB (%) AQ7 (%)
coefficients | Coefficient | % Contribution | Coefficient | % Contribution | Coefficient | % Contribution
Xo 387.8 — 86.02 - 67.94 -
X1 49.80 31.74 8.5634 37.95 8.921 14.93
X2 49.41 31.24 6.713 23.48 15.24 43.58
X3 16.50 3.48 4.883 12.42 9.843 18.17
Xa 30.55 11.95 -1.924 1.929 6.896 8.923
X12 -16.34 341 -4,781 11.90 0.792 0.117
X13 -14.09 2.54 -0.215 0.024 -4.334 3.524
X4 -0.380 0.001 -0.239 0.029 - 1.467 0.404
X23 16.16 3.34 1518 1.201 -4541 3.869
X4 -27.15 9.43 -1.351 0.950 -4.130 3.200
X34 0.527 0.003 -1.243 0.805 1.389 0.361
X123 -13.98 2.50 -3.293 5.651 -2.988 1.674
X124 -0.719 0.006 2.028 2.143 -1.004 0.189
X134 -0.576 0.004 -0.364 0.069 -0.777 0.113
X234 1.173 0.01 0.739 0.284 -1.862 0.650
X 1234 -4.841 0.30 -1.474 1.132 1.201 0.270

By substituting the regression coefficients obtained in equation (4) by their numerical
values given in Table 3, we obtain equations (5), (6), and (7) describing the specific surface of
the activated carbon prepared and the adsorption efficiency of MB and AO7, respectively:

SS (m?/g) = 387.8 + 49.80 A + 49.41 B + 16.50 C + 30.55 D — 16.34 A*B — 14.09 A*C —0.3803 A*D
+16.16 B*C -27.15B*D +0.5274C*D -13.98 A*B*C +0.7198 A*B*D -0.5766 A*C*D
+1.173 B*C*D — 4.841 A*B*C*D (5)

MB(%)= 86.02 + 8534 A +6.713 B +4.883 C + 1.924 D —4.781 A*B — 0.2156 A*C — 0.2394 A*D
+1518 B*C -1351B*D -1243C*D -3.293 A*B*C + 2.028 A*B*D -0.3644 A*C*D
+0.7394 B*C*D - 1.474 A*B*C*D (6)

AO7 (%)= 67.94 + 8.921 A + 15.24 B + 9.843 C + 6.896 D + 0.7925 A*B — 4.334 A*C — 1.467 A*D
- 4541 B*C- 4.130 B*D+ 1.389 C*D- 2.988 A*B*C - 1.004 A*B*D - 0.7775 A*C*D - 1.862 B*C*D
+1.201 A*B*C*D ©)

3.2. Process optimization.

The preparation conditions and the experimental results of the three responses, the
specific surface area of the activated carbon prepared, and the percentage of discoloration of
MB and AQO?7 are illustrated in Table 4.
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Table 4. Factorial design matrix of four variables and experimental and predicted responses for SS, MB, and

AO7.
Run N° Coded values of independent variables Responses (%)
A B C D SS (m?/g) MB (%) AO7 (%)

1 -1 -1 -1 -1 208.1 57.07 22.58
2 +1 -1 -1 -1 351.3 84.3 385
3 -1 +1 -1 -1 347. 81.62 54.71
4 +1 +1 -1 -1 458.6 88.89 94.57
5 -1 -1 +1 -1 218.8 63.83 43.58
6 +1 -1 +1 -1 344.5 98.93 62.03
7 -1 +1 +1 -1 454.3 98.77 81.75
8 +1 +1 +1 -1 475.2 99.36 90.63
9 -1 -1 -1 +1 335.5 74.34 35.1
10 +1 -1 -1 +1 457.3 88.06 57.08
11 -1 +1 -1 +1 338.9 76.52 66.98
12 +1 +1 -1 +1 473.5 98.3 95.26
13 -1 -1 +1 +1 326.6 68.73 77.02
14 +1 -1 +1 +1 464.9 99.2 85.7
15 -1 +1 +1 +1 474.6 99.01 90.43
16 +1 +1 +1 +1 475.3 99.4 91.12

According to this table, it can be seen that the specific surface area of the activated
carbon prepared varies between 208.1 m?/g to 475.3 m?/g, as well as the percentage of
elimination varies between 57.07% to 99.4% for MB and between 22.58% to 95.26% for the
AQ7. These large variations in the percentage of elimination and the specific surface area
confirm the significant influence of activation time, activation temperature, the concentration
of H3sPOs activating agent, and the contact time on the quality of the specific surface area of
the activated carbon prepares and consequently on the dye adsorption process.

The specific surface area and the porosities developed during the activation process
allow the elimination of MB and AQO7. Ineffective coals are those which have a relatively small
specific surface and very few surface functions. According to these results, we see that our
activated carbon prepares for test number 16 and 12 for the discoloration of MB and AO7,
respectively, were having a large specific surface and a significant adsorption capacity
compared to other activated carbon.

3.3. Statistical analysis.

In this study, to assess the importance of the regression model and find the relationship
between the factors and the responses, an analysis of variance (ANOVA) was applied at a
confidence level of 95% (p <0.05) [24] for SS, MB, and AO7 and the results are grouped in
Tables 5a, 5b, and 5c, respectively, by their degrees of freedom, the sum of squares, mean of
squares, F-value, and P-value. Statistically significant values were determined by P-values.
Model terms with P-values> 0.05 are considered statistically insignificant, while those with P-
values <0.05 are considered statistically significant. Consequently, some coefficients in
equations (5), (6), and (7) are negligible; the final empirical forms of the model for the three
responses become equations (8), (9), and (10).

3.3.1. Specific surface (SS).

The results of the analysis of variance ANOVA show that the coefficients of activation
time (A), activation temperature (B), contact time (D), the concentration of HsPO4 (C), and the
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interaction between the activation temperature and the concentration of HsPOs (BC) are
positive. Therefore, these factors positively influence the quality of the specific surface area of
the activated carbon prepared. The other remaining interactions (AB, AC, BD, and ABC) have
negative coefficients (Eq. (8), Table 5). Therefore, their influence on the specific surface area
IS negative; that is to say, an increase in these interactions leads to a decrease in the activated
carbon's specific surface area.

SS (m?/g)=387.81 + 49.8 A +49.41 B + 16.5 C + 30.55 D — 16.34 AB — 14.09 AC + 16.16 BC —

27.15BD - 13.98ABC (8)
Table 5. Analysis of variance of specific surface area.
Source Sum of df Mean Square F-value P-value Prob> F
Squares
Model 1.246E+05 9 13841.38 198.98 <0.0001 significant
A-Time of activation 39679.82 1 39679.82 570.44 <0.0001
B-Temperature of activation 39054.05 1 39054.05 561.44 <0.0001
C- H3PO4 Concentration 4357.66 1 4357.66 62.65 0.0002
D- Contact time 14937.71 1 14937.71 214.74 < 0.0001
AB 4271.14 1 4271.14 61.40 0.0002
AC 3176.96 1 3176.96 45.67 0.0005
BC 4179.29 1 4179.29 60.08 0.0002
BD 11789.80 1 11789.80 169.49 < 0.0001
ABC 3125.99 1 3125.99 44,94 0.0005
Residual 417.36 6 69.56
Cor Total 1.250E+05 15

3.3.2. Methylene blue (MB).

According to the analysis of variance ANOVA for the response of the adsorption
efficiency of MB, it can be concluded that the most significant factors are: activation time (A),
activation temperature (B), and the concentration of the activating agent HsPO4 (C) and the
interaction between the activation time (A) and the activation temperature (B) (Eq. (9), Table
6).

MB (%) = 86.02 + 8.53 A+ 6.71 B + 4.88 C— 4.78 AB (9)
Table 6. Analysis of variance of MB.
Source Sum of df Mean F-value P-value Prob> F
Squares Square
Model 2633.61 4 658.40 16.59 0.0001 significant
A-Time of activation 1165.37 1 1165.37 29.36 0.0002
B-Temperature of activation 721.06 1 721.06 18.16 0.0013
C- H3PO4 Concentration 381.52 1 381.52 9.61 0.0101
AB 365.67 1 365.67 9.21 0.0113
Residual 436.68 11 39.70
Cor Total 3070.29 15

3.3.3. Acid orange 7 (AO7).

Similarly, according to the analysis of variance ANOVA of the adsorption efficiency
of AO7, the significant effects are the four factors A, B, C, and D and their interaction AC, BC,
and BD (Eq. (10), Table 7).

AO7 (%) =67.94+892 A+1524B+9.84C+690D-433AC-4.54BC-4.13BD (10)
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Table 7. Analysis of variance of AO7.

Source Sum of df Mean F-value P-value Prob> F
Squares Square
Model 8204.46 7 1172.07 29.07 <0.0001 significant
A-Time of activation 1273.42 1 1273.42 31.58 0.0005
B-Temperature of activation 3716.73 1 3716.73 92.18 < 0.0001
C- H3POsConcentration 1550.00 1 1550.00 38.44 0.0003
D- Contact time 760.93 1 760.93 18.87 0.0025
AC 300.50 1 300.50 7.45 0.0258
BC 329.97 1 329.97 8.18 0.0211
BD 27291 1 27291 6.77 0.0315
Residual 322.55 8 40.32
Cor Total 8527.01 15

3.4. Diagnostic model.

In order to test the quality of the fit of the model, statistical data such as F-value, P-
value, coefficient of correlation (R?), adjusted R?, coefficients of variance (CV), and adequate
precision were examined. A P-value of less than 0.05 demonstrates the factor effect's statistical
significance (at a 95% confidence level). According to the results of the analysis of variance
ANOVA (Table 5-7), the F values of the model with a very low probability value (p <0.0001)
were determined at 198.9, 16.59, and 29.07 for SS, MB, and AQ7, respectively, indicating that
the three models were significant. The high values of the correlation coefficient (R?) and
adjusted R? (0.9967 and 0.9917 for SS, 0.8578 and 0.8061 for MB and 0.9622 and 0.9291 for
AO7, which are greater than 0.80 confirm and suggest that the model has high efficiency for
the representation of experimental data (Table 8 and Fig. 1la-c) [25,26].

Table 8. R?, SD, CV, and AP values of the model equations for SS, MB, and AO?7.

Response R? Adj R? Pred R? SD CV (%) AP

SS 0.9967 0.9917 0.9763 8.34 2.15 40.12
MB 0.8578 0.8061 0.8578 6.30 7.32 11.43
AO7 0.9622 0.9291 0.8487 6.35 9.25 18.22

Figures la-c show the correlation between the experimental values and the predicted
values of SS, MB, and AQ7, respectively. We could see that in the three responses, the
scattering between the data points and the diagonal line showed an adequate agreement
between the real and predicted data obtained by the model.

On the other hand, the coefficient of variance (CV) is the standard deviation ratio to the
mean expressed as a percentage. The higher the coefficient of variation, the greater the level of
dispersion around the mean. It is generally expressed as a percentage. A model can be generally
considered reliable if it’s CV <10% [27]. According to Table 8, the CV values for the specific
surface (SS) and the percentage of discoloration of MB and AO7 were found to be 2.15%,
7.32%, and 9.35%. These low values de CV clearly show that the difference between the
experimental and predicted values is small and also confirms the reliability of the models
developed [28].
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Figure 1. Actual versus predicted data of (a) SS; (b) MB; (c) AO7.
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3.5. Adequacy of prediction models.

Adequate accuracy measures the signal-to-noise ratio and compares the range of values
predicted at design points to the average prediction error. A ratio greater than 4 is desirable and
indicates adequate model discrimination. In the present study, the adequate and higher
precision value of the order of 40.12, 11.43, and 18.22 for SS, MB, and AO7, respectively,
show a good agreement on the experiments' reliability performed [29].

The results in Table 9 allow a more precise assessment of the quality of the adjustment
made. The comparison between the columns Robserved (Measured responses) and Repredicted
(responses predicted by the model) confirms that the fit is good. The adjusted (predicted) values
are included in the respective confidence intervals (Cl), which validates the experimental
design model with linear regression coefficients R2 of 99.67%, 85.78% and 96.22% for SS,
MB, and AO7, respectively.
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Figure 2. (a) Main effects plot on the specific surface area; the percentage of discoloration of (b) MB; (c) AO7.

Table 9. Factorial design matrix of four variables and experimental and predicted responses for SS, MB, and

AO7.

Run SS (m?/g) MB (%) AQ7 (%)

N° Observed | Predicted | Residual Observed | Predicted | Residual | Observed | Predicted | Residual
1 208.1 214.1 -6.01 57.07 61.11 -4.04 22.58 14.03 8.55
2 351.3 346.6 4.72 84.3 87.74 -3.44 38.50 40.54 -2.04
3 347. 339.6 7.46 81.62 84.10 -2.48 54.71 61.86 -7.15
4 458.6 462.6 -4.72 88.89 91.60 -2.71 94.57 88.37 6.20
5 218.8 215 3.81 63.83 70.88 -7.05 43.58 51.47 -7.89
6 344.5 347 -2.52 98.93 97.51 1.42 62.03 60.64 1.39
7 454.3 461 -6.78 98.77 93.86 491 81.75 81.13 0.62
8 475.2 471.2 3.38 99.36 101.3 -2.01 90.63 90.30 0.33
9 335.5 329.5 6.01 74.34 61.11 13.23 35.10 36.09 -0.98
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Run SS (m?/g) MB (%) AO7 (%)

N° Observed | Predicted | Residual Observed | Predicted | Residual | Observed | Predicted | Residual
10 457.3 462.02 -4.72 88.06 87.74 0.32 57.08 62.60 -5.52
11 338.9 346.4 -7.46 76.52 84.10 -7.58 66.98 67.39 -0.41
12 473.5 469.4 4.06 98.30 91.60 6.70 95.26 93.90 1.36
13 326.6 330.4 -3.81 68.73 70.88 -2.15 77.02 73.52 3.50
14 464.9 462.3 2.52 99.20 97.51 1.69 85.70 82.70 3.00
15 474.6 467.9 6.78 99.01 93.86 5.15 90.43 86.66 3.77
16 475.3 478.7 -3.38 99.40 101.37 -1.97 91.12 95.84 -4.72

3.6. Effects of the main factors.

The preparation of high quality activated carbon was evaluated based on high values of
the specific surface area and the percentage of discoloration (%) of MB and AO7. Figures 2a-
¢ show the effect of each factor on the response. These figures show that the activation
temperature and the activation time have the greatest influence on the percentage of
discoloration of MB and AO7 and on the specific surface area of the activated carbon prepared,
followed by the activating agent's concentration. However, the contact time does not affect the
percentage of discoloration of MB. The increase in the activation temperature from 300 ° C to
500 ° C leads to an opening and a widening of the pores, which increases the specific surface
and the adsorption efficiency of MB and AQO7 on the activated carbon prepared [30].

Indeed, when the activation time varies between 1 to 3 h, the microporosity increases,
which gives activated carbon a better percentage of discoloration of MB and AO7 due to better
development of their porosity and their specific surface areas. In the same way, it can be
deduced that the concentration of HsPOa4 has a significant influence on the percentage of
discoloration of AO7, while an increase in the concentration of the activating agent HsPOu4
from 1.5 M to 2.5 M promotes the development of pores on the surface of prepared activated
carbon. However, chemical activation with HsPO4 made it possible to obtain activated carbon
with a well-developed mesoporosity, which is favorable for adsorbing larger molecules such
as MB and AQO7.

3.7. 3D surfaces and 2D contour plots.

To assess the effects of variables, the 3D surfaces and 2D contour plots are
demonstrated for a function of two factors. This representation shows the relative effects of
any two variables when the remaining variables are kept constant. Figures 3 and 4 show the
plots of the three-dimensional response surfaces (3D) and the contour curves (2D) constructed
to present the significant interactions. According to these figures, we notice on the surfaces
response (a,b) and the contour curves (c,d) of Figure 3, that the best specific surface area (475.3
m?2/g) and percentage discoloration of AO7 (95.26%) are obtained when working with
maximum values of A*C, B*C and B*D.

Similarly, by analyzing Figure 4 (e,f) of the MB, it can be deduced that the activation
time and the activation temperature have an important influence on the percentage
discoloration of the MB with a percentage discoloration of 99.4%.
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3.8. Characterization of optimized AC.
3.8.1. FTIR analysis.

Fourier-transform infrared spectroscopy (FTIR) analysis was applied to determine the
functional groups present on the prepared activated carbon surface and understand the
adsorption mechanism [31]. The infrared spectrum has been recorded from 400 to 4000 cm™
is represented in Figure 5. The analysis of these spectra makes it possible to cite the following
characteristic bands. A wide absorption band was observed at 3410 cm™ and 3408 cm™
correspondingly to the hydroxyl groups' elongation. This band indicates the presence of
carboxyl groups, phenols, or alcohols linked to water adsorbed on the surface of activated
carbon [32]. The bands observed at 2922 cm™ and 2852 cm are absorption bands attributed
to the asymmetric and symmetrical valence vibration of the —CHs and CH2 groups. A band
around 1300 -1000 cm* corresponds to the C— O bond of phenols, carboxylic acids, and esters
or the P = O bond of ester phosphates, or the O — C bond of P — O — C [33]. This band is also
characteristic of phosphorus and phosphocarbon compounds present in activated carbon
achieving by phosphoric acid. The spectrum also shows a peak at 520 cm™ that could be
attributed to the P-O stretching vibration and/or aromatic structures. This indicates that these
functional groups could act as active sites for interaction with dye molecules [34].
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Figure 5. FT-IR spectra of Cucumis melo activated carbon.
3.8.2. SEM analysis.

Figure 6 presents an SEM image before and after adsorption. This image clearly shows
a wide distribution of pores of different shapes and sizes before adsorption (Figure 6a).
However, the SEM image analysis in Figure 6b shows that the activated carbon's surface is
much more homogeneous and saturated after adsorption. This means that there is a filling of
the pores and active sites by the dye's adsorption on the prepared activated carbon'’s surface.
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Figure 6. Scanning electron microscopic images of Cucumis melo activated carbon before and after adsorption.
4. Conclusions

In this study, activated carbon with a large specific surface area and a high removal
efficiency of dye were prepared from Cucumis melo using HsPOas as an activating agent. The
conditions for preparing activated carbon by chemical activation were first optimized using a
full factorial design with four factors: the activation time, the activation temperature, the
concentration of HsPO4, and the contact time. The influence of the different factors on the yield
and the adsorption capacity measured by the specific surface area and of the percentage of
discoloration of MB and AQO7 could be modeled satisfactorily.

The best result of specific surface area and MB is 475.3 m?/g and 99.4%, respectively,
were found at optimum process conditions, i.e., activation time (3h), activation temperature
(500 °C), H3PO4 concentration (2.5 mol/L), and Contact time (90 min). However, the best value
for the percentage of discoloration of AO7 (95.26%) was identified at an activation time of 3h,
an activation temperature of 500 °C, and an H3POa concentration of 1.5 mol/L with 90 min
contact time.
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