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ABSTRACT

Activated carbon from grape seed was prepared using the chemical activation method, which
consisted of treatment by potassium hydroxide (KOH). Factors influencing the activated carbon
preparation were particle size, impregnation ratio, final temperature, heating rate, and the activating
agent concentration were studied by using a central composite design. The methodology chosen
in this paper is based on the use of a polynomial model to express the responses, yield of activated
carbon synthesized, and adsorbed amount of methylene blue as a function of the five influencing
factors. The significance of the factors was studied by analysis of variance using the Fisher test, linear
effects diagram, response surface curves, and iso-response curves. According to the Response Surface
Methodology, optimal conditions for the preparation of activated carbon have been identified to be
a particle size of 300 um, an impregnation ratio of 0.15, a final temperature of 650°C, a heating rate
of 10°C/min and an activating agent concentration of 35%. Under these conditions, the synthesis
yield of AC and 40%, while the adsorption capacity of methylene blue was 492 mg/g. The character-
istics of activated carbon obtained under these experimental conditions were by FTIR analysis indi-
cate the presence of a variety of functional groups on the surface of activated carbon. These results
demonstrated that the grape seeds are a suitable precursor for the production of activated carbon.

Keywords: Grape seeds; Activated carbon; Chemical activation; Adsorption; Optimization; Response

surface methodology

1. Introduction

The increase in agricultural and industrial activities
generates huge quantities of waste of different kinds and
whose management is still a concern for specialists [1].
Grape is one of the most and the oldest fruits it was exclu-
sively cultivated for producing wine. Grape waste gen-
erated by the processing units consists of pulp, stalks and
pips. These are used for the extraction of oil which has
become highly exploited because of its chemical compo-
sition [2]. Grape seeds oil owes its antioxidant qualities

* Corresponding author.

to its high content of vitamin E and polyphenols, and lin-
oleic acid (fatty acid from the omega-6 family) which are
good for protecting the epidermis from dehydration [3-5].
Grape seeds pomace abandoned is a source of pollution,
therefore the recovery of this waste is a real opportunity
for the development of environmental protection. They
found applications in the production of activated carbon
for residues such as palm shell, wood biomass, waste palm,
and coconut and peanut shell [6-10]. Activated carbon are
adsorbents widely used for the elimination of pollutants [11].
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They are composed of carbon atoms organized within
graphite structure, characterized by a large sorption capac-
ity and a porous structure, and a large specific surface that
can reach 3100 m*/g [12]. Activated carbon is used to elim-
inate pollutants and odors from liquid and gaseous phases
and in the medical field [13,14]. They are used as catalysis
[15] and for gas storage [16]. Electrode materials in elec-
trochemical devices [17]. Elimination of organic pollutants
from drinking water and wastewater treatment [18].

However, commercial activated carbon costs were
very high it became necessary to find an alternative solu-
tion. Recently, some agricultural waste, such as pumpkin
rind and palm shell were used to prepare activated carbon
[19,20]. In the literature, they are two methods that are used
to produce activated carbon, physical activation and chem-
ical activation [6,12,13]. Based on previous works, chemi-
cal activation was chosen to prepare the activated carbon
in this paper. It was chosen for its advantages it is simple
with a shorter production time, lower activation tempera-
ture, and good development of porous structure and it is
characterized by high yield [21,22].

Several parameters can affect the synthesis of activated
carbon from grape seed, such as particle size, activation
temperature, the activating agent concentration which is
indicate the rate the activating agent, and impregnation ratio
which is depends on the mass of grape seeds and the activat-
ing solution. The efficiency of the process can be increased
by optimizing these factors [23]. Usually, to study the effect
of factors on the production of activated carbons, several
factors must be fixed at a certain level. While varying each
other to determine the best condition for this parameter.
However, the disadvantage of this method is that there is a
lack of determination of the interactions between the stud-
ied factors which are essential to determine the characteris-
tics of activated carbons [22,23]. To solve this problem, we
chose to use an experimental design based on the response
surface methodology (RSM) [24-26].

In this study, the response surface methodology (RSM)
based on the design of a central composite design (CCD)
was used to evaluate and optimize the effect of particle
size, impregnation ratio, carbonization temperature, heat-
ing rate, and concentration of the activating agent as inde-
pendent variables on the yield and adsorption capacity
measured by the methylene blue of the activated carbon
produced [24].

2. Materials and methods
2.1. Experimental procedures

Grape seed cake obtained after oil extraction was used
as raw material to produce activated carbon by chemical
activation using potassium hydroxide (KOH) as an acti-
vated agent followed by carbonization. Seeds were obtained
from a Western region in Morocco. Oil was extracted using
a pressed oil, the resulting cake was crushed and degreased
with Soxhlet by using hexane as a solvent for 2 h. Then, the
material was washed dried, and sieved. The fixed carbon
yield was calculated at 91%.

Various vibrational frequencies, in the range of 4,000-
400 cm™ of grape seeds, are presented in Fig. 1. The IR
spectrum of dried grape seeds show a strong and broad
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Fig. 1. Infrared absorption spectrum of grape seeds.

band at 3,421 cm™ due to the presence of the OH stretching
frequency of the hydrogen donor substituents (hydroxyl
groups), attached to the aromatic ring structures of the fla-
vonoid compounds in the grape seeds. The amide II band
appears as a very strong band at 1,627 cm™ [30]. The medium
width band at 1,315-1,441 cm™ is the N-H stretching
mode [29]. The C-O-C and C-OH vibrations of the pro-
tein in the grape seeds appear as a very strong IR band at
(1,072 em™) [30].

Initially, 8 g of dried raw material was impregnated in
potassium hydroxide solutions with different concentra-
tions, at different impregnation ratios under stirring at 60°C
for 2 h. The impregnated samples were dried at 105°C for
24 h. The dried material was placed in a ceramic crucible
which was inserted into a muffle furnace, to be carbonized
at an inert atmosphere heated at a rate between 5°C/min
and 20°C/min, and held at a different temperature varying
between 500°C to 900°C.

After carbonization, activated carbon produced was
washed with concentrate solution of hydrochloric acid
before being washed with distilled water until the residual
water reached a pH between 6 and 7. Finally, the AC sam-
ples were dried at 105°C for 24 h then they were sieved and
stored in glass flasks (Fig. 1) [21].

2.2. Analytical methods
2.2.1. Activated carbon yield (%)

Activated carbon yield allows us to estimate the quan-
tities of AC that can be obtained from an initial quantity of
dry biomass. Then, the yield was calculated from the ratio of
AC mass to the mass of the impregnated biomass.

Activated carbon yield(%) = .fl.r;al& %100 (1)
initial mass
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2.2.2. Methylene blue adsorption capacity (mg/g)

The adsorption capacity of AC obtained was determined
by measuring the adsorption capacity of methylene blue.
Then, 0.1 g of AC samples were added to 100 mL of MB
solution at 0.05 g/L and the mixture was stirred for 1 h at
room temperature. Then, the mixture was filtered.

After adsorption, to determine the amount of methylene
blue adsorbed it is necessary to determine the residual con-
centration of methylene blue solution using the UV-visible
spectrophotometer at A = 664 nm. A calibration curve
was given, and the adsorption capacity was calculated as
the following formula [27].

QMB = [G-c] xV @)

mac

where C; : Initial concentration (50 mg/L), C: Residual con-
centration (mg/L), mac: Mass of activated carbon (g), V:
Volume of MB (100 mL).

2.3. Central composite design

The synthesis of activated carbon prepared from grape
seeds was optimized using the design of experiments meth-
odology. A central composite design was chosen to relate
two studied responses, activated carbon yield (%) and
methylene blue adsorption capacity (mg/g), affected by five
factors, particle size, impregnation ratio, final temperature,
heating rate, and activating agent concentration.

Optimal values for the operating parameters were esti-
mated by analyzing the response surface curves and iso-
response curves of the dependent variables (Y,: Activated
carbon yield (%) and Y,: Methylene blue adsorption (mg/g))
as a function of the independent variables. The range and
levels of the independent variables are listed in Table 1.

To obtain a good descriptive quality of the model and
to allow a reliable prediction in the whole experimental
field considered, and for a reasonable number of manip-
ulations, the realization of the central composite design
requires a number of tests equal to 36:

2°+2k+N,=16+10+10=36 3)

Table 1
Independent variables, experimental range and levels

where K is the number of variables and N is the number of
repetitions of the central point. Table 2 brings together the
set of 36 tests, defining the matrix of experiments for the dif-
ferent factors considered. The ith line of this matrix defines
the experimental conditions of the ith experiment [28].

All the operating conditions are performed in a random-
ized order, and the results obtained after experimentation
are grouped in Table 2.

The concept of the exploitation of the results is based
on the analysis of variance of the regression, the estimation
of coefficients of the models, their significance concerning
the experimental error, and the calculation of the residuals
[26]. Statistical analysis was performed by using JMP [29]
and STATISTICA [30] software.

3. Results and discussion
3.1. Variance analysis

The analysis of variance shows whether the variables
selected for modeling have a significant effect as a whole on
the response [31,33]. The results of the analysis of variance
are summarized in Table 3.

It can be seen that both models explain perfectly the
experimental results. In fact, the value of the experimen-
tal value of Fisher for the response ‘Activated carbon yield
(%) (FeXP = 9.2097) and the Methylene blue adsorption
response (F, ~=15.9862)" are higher than the critical value
of Fisher factor (F,,(20,15) = 5.25) [32] at a 99.9% confi-
dence level. Consequently, the factors used for modeling
are significant overall.

3.2. Statistical study of factors effects

Recall that a factor is significant at 5%, 1%, or 0.1% when
its experimental estimated Fisher value (F_ ) is higher than
or equal to the critical Fisher value (F) at a 95%, 99%, or
99.9% confidence level [30,32].

Tables 4 and 5 show the values of model coefficients,
their significances, and their effects. Analysis of the results in
these tables shows that:

For the first response (AC yield) and a 99% confidence
level, the particle size P, the impregnation ratio I, and
the final temperature F, showed significant linear effects.

Natural variables (X)) Symbol Coded variables X, X,, X, X, X, Ax
-a -1 0 1 +a

X, = Particle size (um) P 125 200 275 350 425 75

X, = Impregnation ratio (g/mL) I 0.045 0.14 0.235 0.33 0.425 0.095

X, = Final temperature (°C) F, 500 600 700 800 900 100

X, = Heating rate (°C/min) H 4 8 12 16 20 4

X, = AA concentration (%) [AA] 10 20 30 40 50 10

X. —X
a=200X,=—"——2C
Ax

i



Table 2
Central composite design and experimental results for activated carbon yield (%) and Methylene blue adsorption capacity (mg/g)
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Rand Actual Factors Responses*
order order G R, T P, [AA] Y, (%) Y, (mg/g)
18 1 -1 -1 -1 -1 -1 14.98 470.61
14 2 -1 -1 -1 1 1 14.72 497.47
22 3 -1 -1 1 -1 1 19.92 497.79
25 4 -1 -1 1 1 -1 20.22 495.97
32 5 -1 1 -1 -1 1 26.31 434.67
28 6 -1 1 -1 1 -1 21.75 442.26
33 7 -1 1 1 -1 -1 11.65 499.37
24 8 -1 1 1 1 1 3.6 496.45
29 9 1 -1 -1 -1 1 2591 484.28
19 10 1 -1 -1 1 -1 49.71 484.52
9 11 1 -1 1 -1 -1 19.42 493.36
12 12 1 -1 1 1 1 41.67 482.6
34 13 1 1 -1 -1 -1 28.26 448.1
13 14 1 1 -1 1 1 21.89 487.99
8 15 1 1 1 -1 1 11.75 494.94
7 16 1 1 1 1 -1 13.04 496.05
30 17 -2 0 0 0 0 29.34 487.89
11 18 2 0 0 0 0 35.44 476.93
26 19 0 -2 0 0 0 31.32 487.99
6 20 0 2 0 0 0 26.26 474.56
31 21 0 0 -2 0 0 30.28 467.68
4 22 0 0 2 0 0 3.37 497.31
20 23 0 0 0 -2 0 15.51 486.13
16 24 0 0 0 2 0 9.8 494.94
1 25 0 0 0 0 -2 22.09 484.73
26 0 0 0 0 2 27.6 496.52
10 27 0 0 0 0 0 28.7 498.1
17 28 0 0 0 0 0 29.75 493.14
21 29 0 0 0 0 0 31.36 496.6
23 30 0 0 0 0 0 31.44 496.05
27 31 0 0 0 0 0 29.6 493.36
15 32 0 0 0 0 0 31.67 494.15
5 33 0 0 0 0 0 26.96 495.18
2 34 0 0 0 0 0 28.02 495.89
32 35 0 0 0 0 0 30.82 496.68
32 36 0 0 0 0 0 29.06 495.97
*Y,: Activated carbon yield (%); Y,: Methylene blue adsorption capacity (mg/g).
Table 3
Variance analysis of activated carbon yield and Methylene blue adsorption capacity models
Source Degree of freedom Sum of squares Mean square Fyistics Prob. > F
AC yield (%) Model 20 3,135.7699 156.788 9.2097 <0.0001*
Residual 15 255.3654 17.024
Total 35 3,391.1353
MB adsorption Model 20 8,526.8254 426.341 15.9862 <0.0001*
(mg/g) Residual 15 400.0400 26.669
Total 35 8,926.8654

: Experimental Fisher factor;

statistics”

*; Significant to 0.1% (F, ,,,(20,15) = 5.25).
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Table 4
Result of multiple linear regression and coefficient estimation of activated carbon yield

Model term Estimation Sum of squares Statistice Prob.>F Significance
Constant 29.725972 - - <0.0001 o
b 3.7791667 342.77042 20.1341 0.0004 i
I -3.2675 256.23735 15.0512 0.0015 o
F, —4.836667 561.44027 32.9786 <.0001 i
H 0.7075 12.01335 0.7057 0.4141 NS
[AA] -0.093333 0.20907 0.0123 0.9132 NS
P -1, -3.4525 190.71610 11.2025 0.0044 o
P -F, -1.095 19.18440 1.1269 0.3052 NS
I,~F, -3.38 182.79040 10.7370 0.0051 *
P -H 3.34625 179.15823 10.5236 0.0054 **
I,-H, -3.98625 254.24303 14.9341 0.0015 **
F.—-H 0.19875 0.63202 0.0371 0.8498 NS
P —-[AA] -0.3225 1.66410 0.0977 0.7589 NS
I, - [AA] —-0.565 5.10760 0.3000 0.5919 NS
F.—-[AA] 2.405 92.54440 5.4360 0.0341 *
H - [AA] —2.02625 65.69102 3.8586 0.0683 NS
P -P, 0.6810417 14.84217 0.8718 0.3652 NS
I, -1, -0.218958 1.53417 0.0901 0.7681 NS
F.-F, -3.210208 329.77400 19.3707 0.0005 ot
H -H, —-4.252708 578.73690 33.9946 <.0001 ot
[AA]-[AA] ~1.205208 46.48087 2.7303 0.1192 NS

***: Significant to 0.1% (F,,,(1,15) = 16.59); **: Significant to 1% (F, ,(1,15) = 8.68);
*: Significant to 5% (F,;(1,15) = 4.54); NS: Not significant.

Table 5
Result of multiple linear regression and coefficient estimation of methylene blue adsorption capacity

Model term Estimation Sum of squares Fyistics Prob. > F Significance
Constant 495.65701 - - <0.0001 o
P 0.63875 9.7920 0.3672 0.5536 NS
I -5.567917 744.0407 27.8987 <0.0001 ok
F, 11.07875 2,945.7288 110.4538 <.0001 ok
H, 3.2420833 252.2665 9.4590 0.0077 *
[AA] 2.8970833 201.4342 7.5530 0.0149 *
P -1 4.463125 318.7118 11.9505 0.0035 o
P —F, -5.156875 425.4938 15.9544 0.0012 o
I,—F, 8.809375 1,241.6814 46.5584 <.0001 o
P -H, 0.048125 0.0371 0.0014 0.9708 NS
I,—H, 1.946875 60.6452 2.2740 0.1523 NS
F.-H, -5.560625 494.7288 18.5505 0.0006 o
P —[AA] 0.600625 5.7720 0.2164 0.6485 NS
I.—[AA] 0.661875 7.0093 0.2628 0.6157 NS
F.—-[AA] —4.493125 323.0108 12.1117 0.0034 o
H -[AA] 2.841875 129.2201 4.8453 0.0438 *
P -P -3.493021 390.4382 14.6400 0.0017 o
I.- 1, -3.776771 456.4479 17.1151 0.0009 ok
F.-F, -3.471771 385.7022 14.4624 0.0017 *
H -H, -1.461771 68.3768 2.5639 0.1302 NS
[AA]-[AA] -1.439271 66.2880 2.4856 0.1357 NS

***: Significant to 0.1% (F, ,,(1,15) = 16.59); **: Significant to 1% (F,,(1,15) = 8.68);
*: Significant to 5% (F,.(1,15) = 4.54); NS : Not significant.

0.05
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Similarly, the P x I, I, x F,, P. x H, I, x H, F_ x [AA] inter-
actions and the quadratic interactions F, x F_and H, x H,
also showed a significant effect on the response for a 95%
confidence level.

For the second response (MB adsorbed), except the linear
effect of particle size P, all other linear effects had a signifi-
cant effect on the response at 95% confidence level. Similarly,
for the quadratic effects P, x P, I, x I, and F, x F_ reflect a
significant effect at 99% Confidence level. On the other
hand, the P_x I, P_x F,, I, x F,, F, x H, F, x [AA], H, x [AA]
interactions showed a significant effect on the response
at 95% confidence level.

3.3. Modelization

For the study of the improvement and the optimization of
the process (activated carbon preparation from grape seeds),
it is necessary to use a polynomial model of second-degree
at least B,

The central composite design allowing the use of a sec-
ond-degree polynomial model, which makes it possible to
establish the equation of the following model:

Y=b,+b X +b,X +b X +bX, +b X +b X2+b, X2

11" 71 22772

+b X24b, X2 +b_X3+b XX2+b X X, +b, X X

33773 44774 55°75 12771 13771773 14771774
+ b15X1X5+ b2 X X + b24X2X4 + bZSXZXS + b34X3X4
+ b35X3X5 + b34X4X5 (4)

where Y: the value of the calculated response, X: the value
of the coded variable “i”, b: The coefficient of the variable
X, model, b;: The coeff1c1ent of the model of the square
variable X7, 2 b The coefficient of the interaction model
between X, and X

This model has 10 terms:

Constant term =1,
Linear term =5,
Square term =5,
Rectangle term = 10.

Taking into account the 95% confidence level and
according to Tables 4 and 5, the non-significant coefficients
for the responses are eliminated. Therefore, the model’s
equations are written as follows:

* Activated carbon yield (%):

AC yield % =29.725972 + 3.7791667P - 3.26751,
—4.836667F . —3.4525P x I —3. 381 xF .+ 3 34625 P,
xH -3. 986251 xH + 2. 405F x [AA]
-3. 210208F x F —4. 252708Hr xH 5)

* Methylene blue adsorption capacity (mg/g):

MB adsorption capacity = 495.65701 - 5.567917I,,
+11.07875F . + 3.2420833H, +2.8970833 [AA]
+4.463125 P x I, —5. 156875 P_x F_ +8.809375I,
xF_ -5. 560625F xH —4. 493125F x[AA] +
2. 841875HV x [AA] 3.493021 P x PS 3.7767711,
x I, —3.471771F  x F, (6)

3.4. Graphical study of the effect of the factors

The representative curves of the variation of activated
carbon yield as a function of the factors studied show that
the particle size has a positive effect on the yield (Fig. 2).
On the other hand, the increase in the impregnation ratio
and the final temperature decreases significantly the
yield. These results confirm the research of Sudaryanto
et al. [21] who showed that in the case of cassava peel
the yield of AC decreases with the increase in the ratio of
impregnation and it decreases from a carbonization tem-
perature more than 650°C. Gonzalez-Garcia [23] reported
that high temperature gives good char but decreases the
yield. The increase in the concentration of the activating
agent shows a slight variation in this response, while the
increase in the concentration of the activating agent shows
a slight variation in this response. Finally, a significant
slope can be seen in the case of the heating rate, relative to
optimal values of the response (AC yield = 30%).

The analysis of the factor’s effects on the methylene blue
adsorption capacity curves showed a significant effect of
the impregnation ratio and the final temperature. Indeed,
an increase in the final temperature increases the response
(MB absorbed = 496.92 mg/g) while the increase in the
impregnation ratio tends to decrease the MB adsorption
capacity. On the other hand, the heating rate and the acti-
vating agent concentration have a slightly significant effect,
while the effect of the particle size is not significant on the
MB adsorption capacity. Similar results are reported by
other researchers.

3.5. Validation of models

The quality of the adjustment of the model was ver-
ified by the coefficient of determination (R?). In this case,
the value of the coefficient of determination (R?,. =0.9247
and R? = 0.9552) indicates that only 7.53% and 4.48%
of the total variations for Activated carbon yield (%) and
Methylene blue adsorption capacity are not explained by
the regression models. In addition, very high values of the
correlation coefficient (R, =0.9616 AC yield and R_=0.9773
MB adsorption) indicate a very good correlation between
the estimated values and the experimental results. Similarly,
Durbin-Watson statistics (DW,, =224 and DW= 2.02)
were found to be close to 2 indicating a good model fit.

The experimental values predicted values, and their
differences are grouped in Table 6. After the analysis, it can
be seen that there is no statistically significant difference
between these values. In addition, Fig. 3 shows a good cor-
relation between the predicted and experimental values
for the ‘AC yield and MB adsorption capacity responses,
with very high values of the coefficient of determination R

3.6. Optimization

Iso-response curves and response surfaces were gener-
ated by STATISTICA software to assess the relative effect
of two factors when the other factors are held constant.
Based on the regression equation, these representations
are formed to understand the effects of the variables on
the responses and also to determine the optimums for the
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Table 6

Experimental results, calculated response and residual values for activated carbon yield and Methylene blue adsorption capacity

responses
Actual AC yield % MB adsorption (mg/g)
order Calculated Predicted Residual Calculated Predicted Residual
1 14.98 16.35 -1.37 470.61 473.89 -3.28
2 14.72 15.43 -0.71 497.47 499.76 -2.29
3 19.92 20.87 -0.95 497.79 497.45 0.34
4 20.22 17.57 2.65 495.97 494.54 1.43
5 26.31 31.16 —4.85 434.67 440.21 -5.54
6 21.75 22.99 -1.24 442.26 446.71 —4.45
7 11.65 13.13 -1.48 499.37 501.19 -1.82
8 3.6 442 -0.82 496.45 497.28 -0.83
9 2591 26.50 -0.59 484.28 484.23 0.05
10 49.71 46.69 3.02 484.52 483.38 1.14
11 19.42 16.65 2.77 493.36 489.59 3.77
12 41.67 38.23 3.44 482.60 477.84 4.76
13 28.26 29.38 -1.12 448.10 450.21 -2.11
14 21.89 22.35 -0.46 487.99 489.11 -1.12
15 11.75 12.45 -0.70 494.94 493.43 1.51
16 13.04 10.14 2.90 496.05 493.45 2.60
17 29.34 24.89 4.45 487.89 480.41 7.48
18 35.44 40.01 —4.57 476.93 482.96 -6.03
19 31.32 35.39 —4.07 487.99 491.69 -3.70
20 26.26 22.32 3.94 474.56 469.41 5.15
21 30.28 26.56 3.72 467.68 459.61 8.07
22 3.37 7.21 -3.84 497.31 503.93 —6.62
23 15.51 11.30 421 486.13 483.33 2.80
24 9.8 14.13 —4.33 494.94 496.29 -1.35
25 22.09 25.09 -3.00 484.73 484.11 0.62
26 27.6 24.72 2.88 496.52 495.69 0.83
27 28.7 29.73 -1.03 498.10 495.66 2.44
28 29.75 29.73 0.02 493.14 495.66 -2.52
29 31.36 29.73 1.63 496.60 495.66 0.94
30 31.44 29.73 171 496.05 495.66 0.39
31 29.6 29.73 -0.13 493.36 495.66 -2.30
32 31.67 29.73 1.94 494.15 495.66 -1.51
33 26.96 29.73 -2.77 495.18 495.66 -0.48
34 28.02 29.73 -1.71 495.89 495.66 0.23
35 30.82 29.73 1.09 496.68 495.66 1.02
36 29.06 29.73 -0.67 495.97 495.66 0.31

responses studied. This means that the graphs are derived
from the quadratic model equations.

The interaction effect of the variables for the effi-
ciency of AC synthesis yield and methylene blue adsorp-
tion capacity is visualized through response surfaces and
iso-response curves as shown in Figs. 4 and 5.

Thus, the response surfaces and iso-response curves
for AC yield (Fig. 3) show the interaction effect of the
final temperature and the impregnation ratio at fixed val-
ues of particle size (P, = 300 um), heating rate (R, = 14°C/
min) and activating agent concentration ([AA] = 35%). The
results show a significant increase in the activated carbon

yield (%) with the decrease in the impregnation ratio. On
the other hand, the final temperature did not significantly
affect the yield because the optimal values of the AC yield
(%) were considered higher than 40%, for an impregna-
tion ratio between 0.045 and 0.1 and a final temperature
between 650°C and 800°C.

Response surfaces and iso-response curves of the rela-
tionships between the dependent response (Methylene
blue adsorption capacity) and the independent variables,
final temperature, and impregnation ratio when the par-
ticle size, heating rate, and activating agent concentration
are kept constant are presented in Fig. 4. As shown in this
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Fig. 5. Response surfaces and iso-response curves of activated carbon yield (%) as a function of final temperature and

impregnation ratio.

figure, there is a strong interaction between the two fac-
tors I, and F,, since as they simultaneously increase the
response increases, subsequently giving an optimal zone
(MB adsorbed > 492 mg/g), relative to a final tempera-
ture between 600°C and 750°C and an impregnation ratio
between 0.075 and 0.2. These results are explained by the fact
that the higher concentrations of MB dye in the raw solution
create a greater driving force to accelerate the movement of
MB dye molecules to the active adsorption (binding) sites
on the activated carbon surface [24]. On the other hand, the
increase in MB removal with increasing AC dosage is due
to the increased surface area of AC available in the solution.
A higher adsorbent dosage also reflects a greater number of
available active adsorption sites [25].

The main objective of the optimization is to determine
the optimal values of the variables for the efficiency of the

yield of activated carbon synthesis with optimal BM adsorp-
tion capacity, based on the model obtained from experi-
mental data. For that, we superimposed the iso-response
curve of the AC yield on the iso-response curve of MB
adsorption capacity. The result obtained is shown in Fig. 6.

The analysis of this figure highlights the optimal areas
that lead to the development of a grape seed-based activated
carbon with optimal adsorbed MB capacity. From these
optimal domains, we can notice that the predicted values
of the synthesis yield of AC are between 35% and 40%, with
a BM adsorbed between 495 and 500 mg/g. The conditions
to reach these values are grouped in Table 7.

As shown by the results included in Table 9, adsorp-
tion using engineered activated carbon is an applicable
technique for water treatment under reasonable operating
conditions.
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Table 7
Optimal conditions for activated carbon preparation from grape
seeds

Natural variables (X)) Symbol  Optimal value
X, = Particle size (um) P 300

X, = Impregnation ratio (g/mL) I 0.045-0.15

X, = Final temperature (°C) F. 575-750

X, = Heating rate (°C/min) H, 14

X, = AA concentration (%) [AA] 35

3.7. Experimental verification and characterization by
FTIR spectroscopy and SEM

To verify that the experimental measurements of the
responses are in agreement with what has been predicted,
it is necessary to repeat the experiment at an optimal point,
taking into account the optimal conditions relative to
that point. The experiment is performed 3 times to ensure
repeatability and to decrease the experimental error due
to the experiment. Subsequently, these three experiments
will be used to determine the significance of the difference
between the experimental values and the predicted value.

Table 8

The predicted value, the experimental values, and the
difference between the values for the two responses at the
optimal point is given in Table 8. The data shown in this
table show that the differences between the predicted and
experimental values are small. Therefore, the model estab-
lished can be considered to be representative of the responses
studied.

A Fourier transform infrared transmission spectrum
(FTIR) was obtained to determine the characteristic bands
of AC prepared from grape seeds (Fig. 7). Examination
of this spectrum reveals the presence of several bands of
absorption of valence and deformation vibrations attrib-
utable to the different groups existing in the synthesized
material. Firstly, a wideband between 1,000 and 1,120 cm™
is characteristic of the deformation in the plane of the ali-
phatic C-O [42]. A very small band at 1,392 cm™ is related
to the C-H deformations in the aliphatic chains [42,43].
A wideband at 1,637 to 1,645 cm™ can most probably be
related to the C=C elongations of olefins (alkenes) and
aromatics [44]. One also observes the appearance of a
very weak band at 1,730 cm™ corresponding to the C=O
function elongation vibration [43,44]. Similarly, Fig. 9
shows the surface morphology of activated carbon pre-
pared under the optimal conditions. From this figure,
the optimal conditions of activation temperature and

Predicted values, experimental values, and residuals for the optimums of the two responses “Activated carbon yield and Methylene

blue adsorption capacity”

AC yield (%) MB adsorption (mg/1)
AC'yexperimemal ACy predicted Ypr - Yexp MB'aexperimental MB'apredicted Ypr - Yexp
38 -2 500 -3
36.5 40 -3.5 498.5 497 -1.5
41.6 1.6 497.3 -0.3
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Table 9

Comparison of adsorption capacities of MB on various adsorbents
Biomass waste Activation agent MB Adsorption capacity (mg/g) Reference
Arundo donax ZnCl, 416.67 [34]
Albizia lebbeck seed pods KOH 381.22 [35]
Jatropha curcas L. press-cake KOH 393.06 [36]
Walnut shell Zndl, 315.00 [37]
Coconut H,PO, 250 mg/g [38]
Banana peel KOH 385.12 [39]
Pineapple waste biomass ZnCl, 288,34 [40]
Walnut H,PO, 270.38 [41]

Grape seeds KOH 492 This work
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impregnation rate were found to be more effective in cre-
ating well-developed pores on the surface of the resulting
activated carbon, which seems to be the main factor that
resulted in a higher adsorption capacity of methylene
blue [25,45].

4. Conclusion

Experimental design methodology according to the
response surface methodology was used to investigate the
effects of five independent factors on the activated carbon
yield (%) and adsorption capacity measured by methylene
blue adsorption capacity in the preparation of activated car-
bons from grape seed using the chemical activation method.
The influences of these various factors on the responses
were modeled by a quadratic second-order model ade-
quately, and response surface plots and iso-response curves
are used to locate the optimal condition of activated carbon.
Indeed, the optimal activated carbon from grape seed was
obtained using a particle size of 300 pm, a final temperature
of 650°C, an activating agent concentration of 35%, and an
impregnation ratio of 0.15 g/mL, and a heating rate of 10°C/
min, giving AC yield (%) higher than 40% and a methylene
blue adsorption capacity higher than 492 mg/g.

Examination of the FTIR spectrum of the CA synthe-
sized revealed the presence of several absorption bands of
the valence and deformation vibrations attributable, a sign
of the formation of activated carbon under the optimal con-
ditions, also the SEM analysis shows the creation of pores on
the surface of the resulting activated carbon. Consequently,
this work successfully proposes a central composite design
to optimize experimental conditions for the synthesis of
activated carbon materials, which could be further employed
in industrial applications.
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