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a b s t r a c t
The present study is focused on the valorization of a synthetic (tires) and agricultural (date pit) 
waste using a simple method in order to obtain an interesting activated carbon, which has been com-
pared with commercial coal. Prepared active carbon is characterized by various techniques such as 
elemental analysis Brunauer, Emmett and Teller, elementary analysis, scanning electron microscopy 
(SEM), X-ray photoelectron spectroscopy (XPS), and temperature programmed desorption (TPD). 
Results of characterization of the two prepared carbons with chemical activation show clearly that 
a temperature of 550°C and particle diameter of 800 μm give interesting proprieties. The specific 
surface area reached 770 and 1,030 m2/g, respectively, for the different active carbons obtained from 
tires and date pits. The ratio of carbon in the two prepared activated carbons reached 83% and 
93%, respectively for the elementary analysis and surface chemical composition, and the analysis by 
TPD shows the formation of different functional groups (as radicals, carbonyl groups, and aromatic 
ethylinique). In order to evaluate the efficiency of these adsorbents, we selected an anionic dye 
(orange methyl) as a pollutant. Kinetic results show that the adsorption equilibrium is reached at 
around 60 min with an adsorbed amount of 21.42 and 38.83 mg/g for the tire activated carbon (TAC) 
and the date pits activated carbon (DPAC) , respectively. The different isotherms were well fitting 
by the Freundlich model.

Keywords: Activated carbon; Tires; Date pits; Dye adsorption

1. Introduction

Nowadays many industries, particularly those in the 
textile, reject in rivers colored by-products. These organic 
compounds have a high toxicity, which can lead to serious 
environmental problems. In an optical decontamination of 
these waters, activated carbon, highly developed porous 
texture material remains by far the adsorbent of choice 
in environmental clean due to its large capacity and its 

adsorption selectivity [1]. Activated carbon is widely used 
for treatment wastewater in many industries. According to 
the literature as synthetic adsorbents showed good poten-
tial for the elimination of dyes in aqueous solutions [2–7]. 
The dyes are widely used in the printing, food, cosmetic 
and clinical, but in particular in the textile industries for 
their chemical stability and ease of synthesis and variety 
of colors. However, these dyes are causing pollution when 
released into the environment [8,9]. Studies have shown 
that many azo dyes are toxic and mutagenic and biological 
treatment of these dyes appears to be of major scientific 
interest [10,11].
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Numerous studies have been published in the litera-
ture on the toxicity of chemicals [8,12–14], in particular, the 
methyl orange (MO) and Rhodamine B (RhB) are two import-
ant dyes that are widely used in textile industry.

The increasing demand in adsorbent materials drives 
research toward the production of activated carbons from 
unconventional materials, such as synthetic and agricultural 
waste. 

Several studies have shown the production and charac-
terization of activated carbons from a wide range of materials 
of different origins [16–24]. With a unique aim of developing 
these activated carbon materials, we used like precursors the 
date pits coming from the Algerian south (Deglet Nour) and 
tire scrap (worn tire of the same car [Michelin Primacy HP]).

Generally, the preparation of activated carbon can be 
divided into three categories such us: (1) chemical activation 
with H3PO4 [25], (2) physical activation with CO2 and (3) a 
combined method using both CO2 and H3PO4.

It is known that the chemical activation is often preferred 
[26] due to several economic and structural reasons. The 
most important agents are used phosphoric acid [27], zinc 
chloride [28–30] and alkali metal hydroxides [31]. Phosphoric 
acid has been particularly used for several decades [32,33] 
to prepare activated carbon with large specific surfaces [34], 
and its method of preparation is widely described in the lit-
erature [35–37]. It has also been demonstrated that the distri-
bution of the porosity of the activated carbon in the H3PO4 is 
heterogeneous.

In this study, we focused on the valorization aspect. In 
this context, we used the waste tires and an agricultural waste 
(date pits) as precursors of activated carbons. Selected diam-
eter is between 800 and 2,500 μm, and the temperature range 
is between 400°C and 600°C. These materials include various 
applications such as the purification of fluids by adsorption, 
storage of gas. They are also used in heterogeneous catalysis 
as carriers of the active phase. These adsorbents were evalu-
ated for the treatment of industrial textile water by adsorp-
tion process.

2. Methods and materials

Waste tires used in this study were originally from tires of 
the same car (Michelin Primacy HP). The agricultural waste 
the date pits (Deglet Nour) come from south Algeria (col-
lected in 2010). The chemical agents used are H3PO4 (85%), 
CO2 and H3PO4/CO2 [38].

The two starting materials were washed with distilled 
water and dried in an oven at 105°C for 24 h. They are then 
cut and ground and sieved to retain the granulometric frac-
tion with diameter between 800 and 2,000 μm.

2.1. Chemical pretreatment and preparation of activated carbon 

2.1.1. Using phosphoric acid

Method consists to introducing in a reactor, a mixture 
containing a fixed mass of the chosen granulometric fraction 
with 2 ml of H3PO4 (85%) per gram as proposed in [38]. The 
mixture was refluxed at 85°C during a time of 2 h then car-
bonized in a quartz tubular reactor of a diameter of 3 cm at 
500°C under a flow of 20 l/h of nitrogen. In order to eliminate 

the excess of H3PO4, the prepared carbon has been washed 
with water in a Soxhlet extractor several times until a neutral 
pH was reached (20 cycles). Finally, the prepared sample was 
dried at 110°C in an oven [39]. 

2.1.2. Using carbon dioxide

In this activation, there are two steps: the first one is the car-
bonization and the second one is activation of the raw material. 
Carbonization is the thermal decomposition at high tempera-
ture under inert gas (we use generally the nitrogen); the acti-
vation is carried out in a chamber preheated to 600°C under 
controlled flow of oxidant gases (such as the carbon dioxide). 
Temperature is maintained for a period of 1 h to obtain a dry 
residue. Obtained material is washed with distilled water under 
reflux until neutralization of the rinsing water.

2.1.3. Using carbon dioxide and phosphoric acid (H3PO4/CO2)

In this part of activation, the particles of the selected 
diameter are first impregnated with 2 ml/g of H3PO4 (chem-
ical activation), and then subjected to a temperature rise of 
10°C/min up to different temperatures (500°C–850°C) under 
a flow of 20 L/h of nitrogen. When the temperature is reached, 
the nitrogen is replaced by CO2 (physical activation), and the 
activation persists during 1 h.

2.2. Physicochemical characterization of activated carbon

Prepared coals by the various methods such as: physi-
cal activation realized with 850°C for the tire and date pits, 
respectively, tire activated carbon 3 (TAC3) and date pit 
activated carbon 3 (DPAC3), chemical activation with the 
phosphoric acid (TAC1), (DPAC1) and finally by the method 
combined (TAC2), (DPAC2) were characterized with several 
methods, particularly the  elementary surface composition, 
which is carried out by the X-ray photoelectron spectroscopy 
(XPS).The spectra were acquired at a pressure of 10_6 Pa with 
an Al X-ray source at 8 eV.

The surface area were determined from nitrogen adsorp-
tion isotherms measured at liquid nitrogen temperature using 
an ASAP 2010 sorptometer (Micromeritics) equipped by soft-
ware for accessing to the specific surface (Asp) according 
to classic Brunauer, Emmett and Teller (BET) [40]. The total 
pore volume was estimated from the adsorbed amount at a 
relative pressure between 0.9850 and 0.9990. The micropore 
volume is determined by the Dubinin–Astakhov model [41]. 

In order to detect the differences in morphology of pre-
pared coals, photographs were taken using a microscope 
LEO 982 operative GEMINI under an accelerated tension of 
1 eV and a current of 70 μA. 

The thermal technique of programmed desorption is 
based on the amount of desorbed CO and CO2 according 
to the temperature, which was detected by spectroscopy of 
masses. The sample is heated until a temperature of 1,000°C 
under a helium current of 60 cm3/min with a rise of tempera-
ture of 20°C/min. A thermocouple is related to a controller of 
the temperature. 

2.3. Application to the adsorption 

In the adsorption field, it is known that the determina-
tion of the contact time to reach adsorption equilibrium 
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represents the most significant step. In our case, we studied 
the kinetic adsorption of MO and RhB adsorption onto the 
different prepared activated carbon (DPAC and TAC), and 
the obtained results were compared with commercial acti-
vated carbon (CAC).

Adsorption kinetic experiments of the selected adsorbents 
in a static reactor were carried out in a series of reagent bot-
tles at constant temperature of 25°C, by mixing 0.05 g of acti-
vated carbon in 50 mL of dye solution of 50 mg L–1 at fixed 
pH of 6. The solutions were stirred for 6 h using a type of 
shaker (Edmund Buhler GmbH SM - 30) and then filtered. 
Lagergren’s  pseudo-first-order model, Eq. (1), and Ho’s 
 pseudo-second-order model, Eq. (2), were applied to the data:
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where qe and q (mg g–1) are the amount of dye adsorbed at 
equilibrium and time t (min); k1 (min–1) is the pseudo-first- 
order rate constant; and k2 (g mg–1min–1) is the pseudo- 
second-order rate constant.

The adsorption isotherms are important in determining 
the maximum adsorption capacities and the design of new 
adsorbents. In our case, isotherm studies were conducted by 
shaking different quantities of sorbent (from 0.01 to 0.1 g) 
with 50 mL of the dye solution (50 mg/L) at pH 6.

There are many theoretical models that have been devel-
oped to describe the adsorption isotherms. In our study, we 
used the most widely used isotherm models of Langmuir 
and Freundlich given by Eqs. (3) and (4), respectively:
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3. Results and discussion 

3.1. Characterization results

The knowledge of the characteristics of the activated car-
bon is necessary to contribute to the comprehension of many 
phenomena like adsorption, desorption, the exchange or oth-
ers. Tables 1 and 2 represent the different results of the spe-
cific surface area obtained by the three methods.

The chemical activation develops larger areas with a 
 maximum of 770 m2/g at 550°C for the tire (800 μm), at high 
temperature, the surface decreases. For 2 mm diameter par-
ticles, activation with the same chemical agent corresponds 
to significantly greater surface areas with a maximum of 
654 m2/g.

We can observe also that the surface does not exceed 
400 m2/g at optimum activation temperatures (550°C) for the 
combined method and physical method; this reduction is 
probably due to the saturation of activated sites by CO2.

Concerning the date of pits (agricultural waste), which 
are activated by the chemical method, we obtained an 
optimum specific surface area of 1,030 and 540 m2/g at 
550°C, respectively, for particles diameters of 800 μm and 
2 mm. However, the activation by the combined method 
decreases the surfaces areas to 820 and 540 m2/g, respec-
tively, for the same type of diameter. For the physical acti-
vation, the specific surface area decreases greatly (123 and 
116 m2/g).

The decrease in the volume of microporous carbons pre-
pared by the three activation methods shows that these coals 
are rather mesoporous nature, which justifies the high values 
of specific surfaces. These results show also that the values 
of mesoporous volumes of the two diameters for the date 
pits and the tire are 0.519–0.522 cm3/g and 1.103–0.430 cm3/g, 
respectively. We can note that the specific surface profile 
follows exactly the behavior of the total pore volume of 
 activated carbon.

The XPS analysis of the two coals at particles diameter of 
800 μm obtained by chemical activation and the combined 
method at 550°C under nitrogen flow show the presence of 
carbon (C) and oxygen (O) (see Figs. 1(a)–(d)).

Results of elementary analysis and the surface chemical 
composition of prepared coals, given as atomic percentages, 
are represented in Table 3. We can notice that the essence of 
the carbonized or activated matter is carbon. The high per-
centage of this element (around 93%) explains a good pyrol-
ysis of our material (waste synthetic and agricultural) and 
interprets a good enrichment of the precursor of carbon. This 
later develops new functional groups.

Results of the elementary analysis also show that the per-
centage of carbon is important, which exceeds the 81%; on 
the other hand, we can see clearly the ratio of hydrogen is 
lower than 1.2% for the four prepared activated carbon. 

The DPAC obtained by combined method and chemical 
activation for TAC2 and DPAC1 show the presence of the 
phosphorus element (0.86% and 0.58%, respectively, Figs. 
1(a) and 1(b)). This element can come only from the phos-
phoric acid used for the activation and could not be elimi-
nated by simple washing [22]. For the same element on the 
TAC1 and DPAC2 materials, the ratio is much weaker (0.26 
and 0.42, respectively, Figs. 1(c) and 1(d)). 

On the spectrum (Figs. 1(a)–(d)), a high peaks of carbon 
are observed explaining the presence of groups CO, C=O and 
OC=O. The presence of these groups on the materials surface 
reveals a good oxidation of our materials by carbonization 
with carbonic gas or chemically (phosphoric acid) (see Figs. 
1(a)–(d)).

Globally, it is noted that there is occurrence of two dis-
tinct peaks of CO and CO2 with increasing temperature. CO 
occurs at high temperatures (around 700°C) characteristic of 
the high acidity (OH, COOH, CO), except for the Fig. 2(b) 
having two peaks at 700°C and 650°C. CO2 appears at low 
temperatures of around 150°C, except in Fig. 2(d), which has 
a large peak at a temperature of 250°C.

The observations under the electron microscope with 
sweeping at 550°C for the different activated carbons chemically 
activated with phosphoric acid show that the activated carbon 
(TAC1) has a very developed porosity over the entire surface 
with some heterogeneity. For activated carbon (DPAC1), the 
external morphology has more or less homogeneous cavities on 
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Table 1
Results of the specific surface area and porous volume of tire activated carbon

Nature of 
coal

Agent of activation 
at 550°C

Granulometry Asp (BET) 
(m2/g)

Volptot  
(cm3/g)

Volμp  

(cm3/g)
Volmés  

(cm3/g)

TAC1 H3PO4 800 μm 770 0.544 0.018 0.519
2 mm 654 0.553 0.031 0.522

TAC2 CO2/H3PO4 800 μm 390 0.220 0.030 0.182
2 mm 271 0.268 0.011 0.257

TAC3 CO2 800 μm 354 0.350 0.002 0.348
2 mm 200 0.010 0.007 0.003

Table 2 
Results of the specific surface area and porous volume of date pit activated carbon 

Nature of coal Agent of activation 
at 550°C

Granulometry Asp (BET) 
(m2/g)

Volptot 
(cm3/g)

Volμp 
(cm3/g)

Volmés 

(cm3/g)

DPAC1 H3PO4 800 μm 1030 1.246 0.040 1.103
2 mm 540 0.520 0.023 0.430

DPAC2 CO2/H3PO4 800 μm 820 0.720 0.470 0.650
2 mm 540 0.816 0.078 0.731

DPAC3 CO2 800 μm 123 – 0.034 –
2 mm 116 – 0.043 –

 

 

 

a b 

c  d 

 

 

 

a b 

c  d 

Fig. 1. XPS spectrum of activated carbons prepared by the combined and chemical activation for: (a) TAC2, (b) DPAC1, (c) TAC1, and 
(d) DPAC2, T = 550°C, d = 800 μm.
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all surfaces. These cavities are probably obtained by evaporation 
of the chemical agent when activating leaving empty cavities.

4. Application to adsorption

Kinetic adsorption curves of the MO and RhB onto the 
two prepared activated carbon (TAC and DPAC) compared 
with the CAC are presented as adsorbed amount vs. time 
(Q = f(t)). According to Fig. 3(a), we can see clearly that for all 
kinetic curves the amount adsorbed increases with stirring 
time and reaches maximum values of 49, 48 and 46 mg.g–1 
for CAC, DPAC and TAC, respectively. For RhB (Fig. 3(b)), 
the adsorbed amounts are 45, 44 and 41, respectively, for the 

CAC, CAP and DPAC. From these results, we can conclude 
that the adsorption of MO is more important than that of 
RhB to activated carbons prepared namely CAN, CAP and 
the CAC.

We can see also that the time of pseudo-equilibrium for 
the three kinds of activated carbon was faster around 5 min, 
which indicated the efficiency of prepared activated carbon. 

Modeling results show clearly (Table 4) that the 
 pseudo-second-order model properly depicts the adsorption 
process in agreement with the results of Cheknane et al. [42] 
for the adsorption of Basic Yellow 28 and malachite green onto 
granular pillared clay. The prepared activated carbon have a 
significantly higher rate constant (K1 > 0.011 min–1) than CAC 

Table 3 
Results of elementary analysis and chemical composition of surface by XPS for the prepared activated carbon

550°C Elementary analyses (%) Chemical composition of surface (%)
C H O S C O P S

TAC1 83.64 0.24 16.12 1.72 91.60 7.12 0.26 0.42
TAC2 89.49 0.41 10.10 0.00 93.43 4.91 0.86 0.27
DPAC1 81.24 1.20 17.56 1.00 90.66 6.50 0.58 –
DPAC2 89.29 0.57 10.14 1.13 92.37 5.68 0.42 0.04
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Fig. 2. Thermal desorption diagram for CO, CO2 for two active carbon at 550°C: (a) TAC1, (b) TAC2, (c) DPAC1, and (d) DPAC2.
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(K1 = 5.5.10–3) and (K1 > 0.0014 min–1) for RhB, this is can be 
explained by the structural proprieties of prepared activated 
carbon.

The adsorption isotherms can be shown by Fig. 4, which 
presents Q = f(Ce). From this figure and for all used adsorbents, 
we can see that the evolution of the adsorption capacity Qe 
equilibrium depending on the residual concentration of dye 
and the nature of activated carbon. The maximum amount of 

adsorption decreases in the following order: for MO: QCAC 
= 104 mg g–1, QTAC = 96 mg g–1 and QDPAC = 86 mg g–1, and 
for RhB: QCAC = 93 mg g–1, QTAC = 96 mg g–1 and QDPAC = 
94 mg g–1.

On the other hand, we note that different isotherms 
obtained for the three adsorbents the types S curves 
according to Gilles classification. Which indicates that the 
adsorbed molecules promote the subsequent adsorption 
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Fig. 4. Adsorption isotherms of orange methyl and Rhodamine B onto CAC, DPAC, and TAC.
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Fig. 3. Kinetic adsorption of orange methyl (MO) and Rhodamine B onto CAC, DPAC, and TAC.

Table 4 
Kinetic adsorption constant from pseudo-first-order and pseudo-second-order model

Pseudo-first-order model Pseudo-second-order model

K1 (min–1) R2 K2 (g mg–1 min–1) R2

CAC MO 0.0069 0.87 0.0055 0.99

RhB 0.0450 0.71 0.0014 0.99

DPAC MO 0.251 0.95 0.011 0.99

RhB 0.317 0.94 0.015 0.99

TAC MO 0.0102 0.78 0.0086 0.99

RhB 0.0102 0.79 0.0086 0.99

(a)

(a)

(b)

(b)
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to other molecules (cooperative adsorption due to attrac-
tions between molecules of the solute by van der Waals 
forces)? Modeling results of obtained isotherms (Table 5) 
shows that the Freundlich model describe well our sys-
tem, with values of n < 1 note the favorable adsorption and 
Freundlich equilibrium constant (Kf > 12 mg1–1/n L1/n g–1) for 
all adsorbents.

The results of the maximum adsorption values (Qmax) of 
activated carbon prepared from synthetic waste (tires) and agri-
cultural waste (date pits) show great potential as an adsorbent for 
the MO.

5. Conclusion

This present study was carried out in two steps: the first 
one was focused on the preparation of activated carbons 
from synthetic waste (tires) and agricultural waste (date pits), 
and the second step is basically concerned with the character-
ization of prepared adsorbents. The size does not affect the 
texture of activated carbons prepared whatever the nature of 
the precursor used. The date stones develop surrounding the 
large specific surface 1,030 m2/g; particularly for the chemi-
cal method, tires develop a lesser porosity (770 m2/g) by the 
same method. Finally, these interesting textural properties 
make activated carbon produced from agricultural waste 
and synthetic high potential as adsorbents of pollutants or as 
catalyst supports. Application of this new generation in the 
adsorption of MO and RhB shows that great potential as an 
adsorbent for MO and RhB compare with other adsorbents 
with (qmax > 86 mg g–1).
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