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Abstract- The aim of this work is to optimize the conditions for the preparation of activated
carbon based from date’s stones by phosphoric acid activation using the surface response
methodology of experimental design, which allowed us to predict the optimal conditions. In
order to achieve our objective, we studied the influence of three key parameters (Pyrolysis
temperature (Pyrol. T), Pyrolysis time (Pyrol. Tim) and Impregnation ratio (Impr. ratio)) on
the responses studied (Zn2+ and Cu2+). A second-degree polynomial model was therefore used
to model the influence of two key parameters. The concerned results, especially the theoretical
operating parameters, allowed us to give a better condition for the preparation of activated
carbon are (Pyrol. T about 600 °C, Pyrol. Tim equals180 min and Impr. ratio is 1.2). The
characteristics of activated carbon obtained under these experimental conditions were
determined by Fourier transform infrared spectroscopy (FTIR) and polarizing optical
microscope (POM). The produced activated carbon had a well-developed porous structure. The
FTIR analysis indicates presence of variety of functional groups on the surface of activated
carbon.
Keywords- Response surface methodology, Optimization, Activated carbon, Dates stones,
Adsorption
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1. INTRODUCTION
Water pollution remain one of the major problems to which are confronted the most part of
the countries in the world. The liquid industrial effluents are loaded with various organic and
inorganic contaminants released in the aquatic environment [1,2]. Among inorganic pollutants,
heavy metals are the most dangerous because they are not biodegradable and throughout the
food chain, some focus in living organisms. They can reach very high levels in some species
consumed by humans, such as fish. Multiple industrial activities are responsible for this
pollution. Heavy metals such as lead, zinc and copper and cadmium are considered as the most
toxic and cause harmful effects for living organisms, some are carcinogenic to humans [3,4].
They cause nuisance, even when they are rejected in very small quantities. Currently, heavy
metals are used in a significant number of industries such as cables, batteries, paints, steels and
alloys [5-7]. Liquid discharges from these industries are often the source of contamination in
the aquatic environment. This requires eliminating these metal ions and/or reducing their
contents according to the requirements of the standards of wastewater treatment and
environmental protection [8].
Principally, there are several methods have been developed for the removal of heavy metals
from wastewater. These are chemical, biological [9] and physical-chemical methods such as
coagulation/flocculation [10], polyelectrolytes [11,12], nanofiltration (NF) [13,14] and
adsorption [15,16]. Among the mentioned techniques, adsorption is the method of choice
because of its ease of use and design. Adsorption employs adsorbent a substance that binds to
the substrate molecule or solvent on its surface and several materials have been used as
adsorbent for wastewater treatment). Among them are raw carbon, carbonized carbon and
activated carbon which have been found to be very effective as an adsorbent for producing
good quality treated water without the formation of harmful substances [17,18].
The objective of this study is to determine the optimal conditions to prepare a new activated
carbon by chemical activation using phosphoric acid from date’s stones. The use of phosphoric
acid has some advantages such as the easy recovery, low energy cost and high carbon yield.
Phosphoric acid has been used as an activating agent in several researches for the production
of good adsorbing activated carbons derived from various agricultural by products.
A preliminary study of the effect of several factors controlling the preparation process, such
as Pyrolysis temperature, Pyrolysis time, impregnation ratio, the adsorption capacity of zinc
and copper was indicated that the most influential factors on the characteristics of activated
carbons are Pyrolysis temperature, Pyrolysis time and impregnation ratio. To optimize these
last factors, we used the response surface methodology based on a mathematical model of
second degree which allowed us to find the operating conditions allowing preparing an
activated carbon. The activated carbon obtained under these experimental conditions was
characterized by different methods: Fourier transform infrared spectroscopy and polarizing
optical microscope on one the hand and on the other hand is to study the possibility of
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elimination of some heavy metals which are commonly encountered in hot-dip galvanized
surface waters by adsorption on activated carbon which are prepared with nuclei dates as
adsorbent materials. These heavy metals chosen in this study are: zinc and copper.
2. EXPERIMENTAL METHODS
2.1. Adsorbent preparation
For prepare carbons based on the dates stones we thoroughly washed the samples of the
latter with distilled water and dried in an oven at 105 °C for 24 h. Then, we grinded and sieved
to retain only the fraction between 0.5 and 2 mm [19]. According to the sample retained in the
previous step, we deposited a mass 5 g of raw carbon in a beaker containing of phosphoric acid
(40°) (to obtain a mixed solution) to give an impregnation ratio between 0.6 and 1.9, after
stirring the solution for 10 h at 25 °C. Besides, we filtered on a filter paper. The filtrate obtained
was dried for 24 h at 105 °C in the furnace. Then, we kept the previous sample safe from the
air in tightly sealed bottles, and then carbonized in an furnace (400 °C to 800 °C) for
(1 h to 3 h), finally we washed this final product with distilled water to neutral pH and ovendried for 24 h. Figure 1, shows the necessary steps for obtaining activated carbon.
Powdered stones

Date stones
Grinding
and sieving
Purification

Pyrolysis/Carboniation
Chemical
activation
by (H3PO4)

Activated carbon

Carbonized carbon

Fig. 1. Steps of activated carbon preparation
2.2. Method of experimental design
2.2.1. Response surface methodology (RSM)
Response surface methodology is a mathematical and statistical technique useful for
modelling and analyzing problems or responses affected by different factors. It was used to
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determine the optimal conditions of the preparation of activated carbon [20]. In the
optimization process, the responses were related to pyrolysis temperature, pyrolysis temps and
impregnation ratio by a second order polynomial model according to equation 1.
Y = a0 + a∗1 X1 + a∗2 X2 + a∗3 X3 + a∗11 X12 + a∗22 X22 + a∗33 X32 + a∗12 X1∗ X2 + a∗13 X1∗ X3 +
a∗23 X2∗ X3 + ε

(1)

where Y, a0, ε, (a1, a2 and a3), (a11, a22 and a33) and (X1, X2 and X3) denote the studied response,
the value of response of the center of field study of response surface, the residues, the effect of
factors, the interaction between factors and the level attributed of the factors, respectively.
Table 1. Experimental study
Factors

variables

Pyrolysis temperature
(Pyrol. T)
Pyrolysis temps (Pyrol. Tim)
Impregnation ratio (Impr. ratio)

X1
X2
X3

Levels
Low level
High level
(-1)
(+1)
400.00
800.00
60.00
0.40

180.00
2.00

Centre
600
120
1.2

Responses
Y1=Zn2+
(mg/L)
Y2=Cu2+
(mg/L)

Table 2. Matrix for the coded factors and operating conditions
Coded factors
N° of test
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

X1
-1
1
-1
1
-1
1
-1
1
-1
1
0
0
0
0
0

X2
-1
-1
1
1
-1
-1
1
1
0
0
-1
1
0
0
0

Operating conditions
X3
-1
-1
-1
-1
1
1
1
1
0
0
0
0
-1
1
0

Pyrol. T
400.00
800.00
400.00
800.00
400.00
800.00
400.00
800.00
400.00
800.00
600.00
600.00
600.00
600.00
600.00

Pyrol. Tim
60.00
60.00
180.00
180.00
60.00
60.00
180.00
180.00
120.00
120.00
60.00
180.00
120.00
120.00
120.00

Impr. ratio
0.40
0.40
0.40
0.40
2.00
2.00
2.00
2.00
1.20
1.20
1.20
1.20
0.40
2.00
1.20

2.2.2. Determination of the factors
The optimization of the preparation of activated carbon depends on three factors that
influence the responses. We chose the Doehlert design was applied using NEMROD software
for generating the statistical experimental design, estimating the coefficients and analyzing the
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results. This design permits to represent the responses studied in all the experimental domains;
described in Table 1; of these three factors with a minimum number of experiments for later
predication of responses in each point of the domain. The Doehlert experimental design and
the corresponding experimental conditions are given in Table 2.
2.3. Wastewater treatment by adsorption
2.3.1. Sampling
In this work the experimental study was carried out using rejects from the wastewater from
industry galvanizing. The samples of this effluent were taken from two different points of the
company's wastewater treatment plant, which are successively the entry and exit of the station,
into bottles whose capacity is based on a high density of polyethylene (HDPE).
2.3.2. Adsorption tests by carbons activated
The adsorption capacity of prepared activated carbon was determined by performing batch
mode adsorption. To have maximum adsorption capacities of Zn2+ and Cu2+ onto activated
carbon samples, the adsorption isotherms were investigated. These isotherms were determined
by adding an optimal mass 0.5 g/L of adsorbent activated carbon in a volume (1 L) of solution
of metal ions whose concentrations of Zn2+ and Cu2+ successively equal 11.75 mg/L and 6.25
mg/L. The adsorption was carried out at optimal operating conditions (pH equal to 6 at a stirring
speed of the order of 500 rpm for 3 h at 30 °C).
The amount of adsorption Qe at equilibrium was defined as the amount of adsorbate per
gram of adsorbent (mg. g -1) and the adsorption percentage and capacity were calculated
according to equations 2 and 3 [21].
Qe =

(C0 −Ce )×V
m

%abattement (X) =

(2)
Ci(X) −Cf(X)
Ci(X)

× 100

(3)

with C0, Ce, m, V, Ci(X) and Cf(X) present initial concentration of metal ion in the solution
(mg/L), residual metal ion concentration measured at equilibrium (mg/L), mass of adsorbent
introduced in solution (g), volume of solution (L), initial concentration of X in waste water and
final concentration of X in the waste water respectively.
2.4. Metals analysis by FAAS
Water samples were analyzed for metals using flame atomic absorption spectroscopy
(FAAS). Operational parameters such as wavelength, energy, lamp and burner alignment and
slit width for Zn2+ and Cu2+ were adjusted according to the working standards.
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2.5. Infrared spectroscopy

The Fourier transform infrared spectroscopy (SHIMADZU) FTIR8201PC whose
frequency range is between 500 and 4000 cm-1, was used to determine the functional groups
responsible for the adsorption of metals.
2.6. Polarizing optical microscopy
Polarizing optical microscopy is an optical instrument with an objective and an eyepiece
that magnifies the image of a small object and separates the details of the image so that it can
be seen by human eye [22].
3. RESULTS AND DISCUSSION
3.1. Statistical study and analysis of results
3.1.1. Estimation and statistics of coefficients
The observed probability (Significance) and the coefficient factors studied are grouped in
Table 3. The values (significance) defined as a smaller level of importance [23].
Table 3. Analysis of the coefficients
Coefficient

Cu2+

Zn2+

a0
a1
a2
a3
a11
a22
a33
a12
a13
a23

Estimated
value
0.548
-0.143
-0.145
-0.141
0.603
0.053
0.213
0.026
0.054
-0.004

F.
Inflation

Value of
texp
6.86
-3.04
-3.09
-3.00
6.51
0.57
2.30
0.50
1.02
-0.70

Significance %

1.00
1.00
1.00
1.30
1.30
1.30
1.00
1.00
1.00

Standard
deviation
0.080
0.047
0.047
0.047
0.093
0.093
0.093
0.053
0.053
0.053

a0
a1
a2
a3
a11
a22
a33
a12
a13

0.417
-0.198
-0.369
-0.369
1.637
0.112
0.072
-0.106
0.186

1.00
1.00
1.00
1.30
1.30
1.30
1.00
1.00

0.186
0.110
0.110
0.110
0.216
0.216
0.216
0.123
0.123

2.24
-1.81
-3.37
-3.37
7.57
0.52
0.33
-0.87
1.52

7.5%
12.9%
*
*
***
63.0%
75.0%
42.9%
18.8%

a23

-0.191

1.00

0.123

-1.56

17.8%

**
*
*
*
**
59.7%
6.9%
64.0%
35.5%
94.4%

*** Very highly significant coefficient, ** Very significant coefficient and * Significant
coefficient NS: not significant
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The results shown in the Table 3, it was found that there are small significant values near
to 5% for all the coefficients, which indicating that the model has a good significance. The
third column of the coefficient analysis table gives the inflation factor which is an absolute
measure of the independence of the coefficients, that it measures the degree of orthogonality
of the matrix experiments [24]. This shows that the quality of information decreases with the
increase of the inflation factor. It can be said that an experience matrix provides the desired
information if the inflation factor remains closest to 1.
3.1.2. Analysis of variance
Table 4 present the results of the analysis of variance makes to show if the variables used
for modelling as a whole have a significant effect on the response.
Table 4. Variance analysis for the postulated model

Cu

2+

Zn2+

Source of

Somme of

Degrees of

Average

Report

Significance

variation

squares

freedom

square

Regression

2.4704

9

0.2745

12.4422

**

Residues

0.1103

5

0.0221

-

-

Total

2.5807

14

-

-

-

Regression

13.5848

9

1.5094

12.5534

**

Residues

0.6012

5

0.1202

-

-

Total

14.21860

14

-

-

-

From the results presented in Table 4, we observed that the main effect of the regression is
significant since the probability of the importance of the p-value risk is less than 5%, so the
model is statistically at a significant good, especially since it has a higher level of confidence
[25].
3.1.3. Statistical analysis of results
In this work we used statistical tests to judge the quality of obtaining models, Table 5
presents the descriptive quality coefficients of the different models obtained and the Figure 2
show the comparison between the experimental and calculate values from three postulated
models.
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Table 5. Estimates and statistics of the coefficients of the model
Cu2+

Zn2+

Standard deviation of response

0.149

0.347

R2

0.957

0.958

R

0.880

0.881

R2 pred

0.399

0.553

PRESS

1.552

6.343

5

5

2a

Number of degrees of freedom

The results presented in the Table 5 due to the estimation and the statistics of the
coefficients of the models applied, it was observed that all answers of the three models obtained
have a satisfactory descriptive quality because their correlation coefficients (R2=0.958 and
0.957) and coefficients of determination (R2a=0.881 and 0.880) are sufficient since they have
values closer to 1.

Fig. 2. Observed values as a function of calculated values (Zn2+ and Cu2+)
According to Figure 2, which illustrates the correlations of the experimental and modeled
results, it was found that the theoretical results coincide with the experimental results. This
made possible to say that the three models obtained are adequate for our study.
3.1.4. Analysis of response surface curves and iso-response
The aim of this optimization is to meet a specific objective that is in our case: the
preparation of activated carbon.
The response surface curve was a three dimensional graphical method that permits to
illustrate the progression of the response according to the progress of three factors [26]. It is a
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graphical representation of three dimensions 3D. It schematics on the horizontal plane the
domain of the variation of 2 factors (Figures 3-5); the vertical axis shows the variation of the
response from the model. Beyond 2 factors, it is necessary to maintain at a constant level.
However, the iso-response curves is a graphically method that permits to illustrate the result
according to two factors chooses. It is a graphical representation at two dimensions, 2D. It
constitutes a projection of the response surface in the horizontal plane (Figures 3-5).
The Figures 3-5 symbolize to the variation of the responses (Zn2+ and Cu2+) in the plans:
(Pyrol. T, Pyrol. Tim), (Pyrol. T, Impr. ratio) and (Pyrol. Tim, Impr. ratio).
A

C

B

D

Fig. 3. Variation of the responses of Zn2+ (A, B) and of Cu2+ (C, D) in the plan (Pyrol. T, Pyrol.
Tim) with the fixed factors: Impr. ratio=1.20
From Figure 3, we see growth response curves; in the plane Pyrol. T (X1), Pyrol. Tim (X2)
and Impr. Ratio (X3) content=1.20 was fixed; When the Pyrolysis temperature increases from
60.00 to 180.00 min and the pyrolysis time increases from is high. Indeed, the compressive
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strength reaches the maximum when the Pyrolysis temperature goes to a higher level and the
Pyrolysis temps is high.
E

F

G

H

Fig. 4. Variation of the responses of Zn2+ (E, F) and of Cu2+ (G, H) in the plan (Pyrol. T, Impr.
ratio) with the fixed factors: Pyrol. Tim=120.00 min
From Figure 4, which shows the variation of the responses of Zn2+ and Cu2+ in the plane of
Pyrolysis temperature, Impregnation ratio, we observed that there is a change in the form of
the iso-response curve transforms into an ellipse which has an optimum when the Pyrolysis
temperature content increases from 0.40 to 2.00 and the Impregnation ratio content increases
from 400.00 to 800.00 °C.
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J

K

L
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Fig. 5. Variation of the response of Zn2+ (I, J) and of Cu2+ (K, L) in the plan (Pyrol. Tim, Impr.
ratio) with the fixed factors: Pyrol. T=600.00°C
From Figure 5, we notice that both factors (Pyrol. Tim, Imp. ratio) have a slight effect on
the responses when Pyrol. T=600.00 °C was fixed. These results confirm with that we have
already seen previously in Table 3.
From the obtained results, we extracted the optimal conditions, which will be necessary for
a preparation of activated carbon on one hand and the economic and environmental requests
on the other hand. These conditions are Pyrolysis temperature (X1)=600°C, Pyrolysis time
(X2)=180min and Impregnation ratio (X3)=1.2.
3.1.5. Search for optimum
The mathematical model adapted to the response is calculated using equations 4 and 5.
𝑍𝑍𝑍𝑍2+ = 0.417 − 0.198𝑋𝑋1 − 0.369𝑋𝑋2 + 0.369𝑋𝑋3 + 1.637𝑋𝑋12 + 0.112𝑋𝑋22 + 0.072𝑋𝑋32 −
0.106𝑋𝑋1∗ 𝑋𝑋2 + 0.186𝑋𝑋1∗ 𝑋𝑋3 − 0.191𝑋𝑋2∗ 𝑋𝑋3 + 𝜀𝜀

(4)

Anal. Bioanal. Electrochem., Vol. 11, No. 10, 2019, 1398-1413
𝐶𝐶𝐶𝐶2+ = 0.548 − 0.143𝑋𝑋1 − 0.145𝑋𝑋2 + 0.141𝑋𝑋3 + 0.603𝑋𝑋12 + 0.053𝑋𝑋22 + 0.213𝑋𝑋32 −
0.026𝑋𝑋1∗ 𝑋𝑋2 + 0.054𝑋𝑋1∗ 𝑋𝑋3 − 0.004𝑋𝑋2∗ 𝑋𝑋3 + 𝜀𝜀
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(5)

3.1.6. Validation of the model obtained

The estimated value (Y) and the corresponding residuals can be estimated according to
equation 6. From Table 3, the three mathematical models selected are presented in equations 7
and 8.
ε = Yi − Y
Zn2+ = −0.369X2 − 0.369X3 + 1.637X12 + ε
Cu2+ = 0.548 − 0.143X1 − 0.145X2 − 0.141X3 + 0.603X12 + ε

(1)
(2)
(3)

The main objective of our study is to optimize the preparation of a new activated carbon
from date’s stones. To this effect, a validation test of the selected model is necessary to evaluate
the effect of the selected factors (Pyrol. T, Pyrol. Tim and Impr. ratio) on the responses studied
(Zn2+ and Cu2+) taking into account the optimum conditions given by the selected model: Pyrol.
T (X1)=600 °C, Pyrol. Tim (X2)=180 min and Impr. ratio (X3)=1.2. In these optimum
conditions we obtained the following results: values of the predicted (PR) of experimental
(ER) responses: Zn2+ (PR=0.67and ER=0.64) and Cu2+ (PR=0.56 and ER=0.60).
According this result, we saw that the predicted and the experimental values show that there
is no significant difference between the experimental response and that predicted. Which show
that the approach used in this study gave us satisfactory results.
3.2. Characterization of adsorbent by infrared spectroscopy
Fourier transforms infrared spectroscopy analysis of activated carbon, and the main bands
are shown in Figure 6.

Fig. 6. IR spectrum of activated carbon
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From the spectrum of FTIR we found that the main bond found at 3454 cm-1 for activated
carbon were attributed to the hydrogen stretching vibration of hydroxyl groups (O-H) of
carboxyls, phenols or alcohols and adsorbed water [27,28]. It also corresponds to the elongation
vibration (O-H) of cellulose, pectin and lignin [29]. Besides, bond at 2927 cm-1 was attributed
to the elongation vibration of aliphatic molecules (C-H). The bond observed at 1636.5 cm-1
region is attributed to the bond of groups of pyrones (C=C) and the bond at 1149.5 cm-1 is
assigned to the vibration of bonds (C-O) [30,31]. Finally, the bond at 667.3 cm-1 corresponds
to the vibration of bonds (S-C) [32-34].
3.3. Polarizing optical microscopy
The morphology of activated carbon observed by using polarizing optical microscopy is
presented in Figure 7. The image of the polarizing optical microscopy of the carbon surface
show a relatively heterogeneous surface rich of pores with large size situated in the mesoporous
range, as well as the presence of cavities, which result from the reaction of the activating agent
on the surface of the activated carbon as in the studies of Enaimeal. [35-37].

Fig. 7. Morphology of activated carbon at (×100)
3.4. Results of analysis of liquid effluents of the hot-dip galvanizing
Results of analysis of liquid effluents of the hot-dip galvanizing rich in heavy metals before
and after treatment by activated carbon based on dates stones with their optimal conditions
(pyrolysis temperature (X1=600 °C), pyrolysis temps (X2=180 min) and impregnation ratio
(X3=1.2)) are shown in Figure 8.
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Fig. 8. Calculated values of the metal ions Zn2+ and Cu2+
From Fig. 8 we noticed that the liquid effluents of hot-dip galvanizing provide values of
major metal ions that relatively exceed the general values limits for zinc (10 mg/L) and copper
(4 mg/L) of the hot-dip galvanizing [38]. However, the results of treatment the liquid effluents
by activated carbon based on dates stones shows that there is a very significant effect on the
elimination of pollution loads, could remove of 94.55% zinc ion and 90.4% copper ion.
The date’s stones form an inexpensive natural residue today representing a major advantage
for the treatment of wastewater. Indeed, it is possible to use them as less expensive and highly
effective adsorbents for the removal of heavy metals after their well-optimum conditions
necessary for a preparation of activated carbon
4. CONCLUSION
The response surface methodology was used to optimize activated carbon preparation from
date’s stones by chemical activation. The most influential factors in activated carbon
preparation, on adsorption capacity of Zn2+ and Cu2+, are pyrolysis temperature, pyrolysis time
and impregnation ratio. The Doehlert design was used to determine the acceptable zone for
responses yield and adsorption capacities of Zn2+ and Cu2+. The optimal conditions for
preparation of activated carbons with high yield and good adsorption capacities of Zn2+ and
Cu2+ were identified to be a pyrolysis temperature of 600 °C, pyrolysis time of 180 min and
impregnation ration of 1.2. At these conditions, the experimental responses for adsorption
capacity of Zn2+ and Cu2+ were 0.64 mg.g-1 and 0.60 mg.g-1 and the yield were 94.55%, 90.4%
respectively, which is in good agreement with the predicted values. These values reflect an
interesting adsorbent power of the prepared activated carbon. The activated carbon prepared at
the optimal conditions has a well-developed porous surface and FTIR analysis indicated the
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presence of various functional groups (C, O....). These results demonstrated that the date’s
stones are a suitable precursor for the production of activated carbon.
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