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Abstract: Activated carbons (ACs) have desirable characteristics that make them attractive for
many industrial applications. In order to reduce their production cost, there is always a need
to find alternative low-cost feedstock precursors. Nowadays zero-waste technologies play an
important role in sustainable development, therefore using of coal by-product as source of AC
is strongly recommended. A series of activated carbons was prepared from bituminous coal by
chemical activation with potassium hydroxide and zinc chloride and also by physical activation
with carbon dioxide. The effect of process variables such as carbonization time, temperature,
particle size, chemical agents, method of mixing and impregnation ratio in the chemical
activation process was studied in order to optimize those preparation parameters. A number
of specialized processes have been developed to the removal of heavy metals from waste
discharges and for the remediation of contaminated soils and groundwaters. Technologies
described include chemical precipitation (including hydroxide, carbonate, or sulfide reagents),
coagulation/flocculation, ion exchange, solvent extraction, extraction with chelating agents,
complexation, electrochemical operation, cementation, membrane operations, evaporation,
adsorption, solidification/stabilization, and vitrification. Depend on the morphology texture,
activation method, the adsorption and removal efficiency of heavy metal are defined.

1. Introduction
There are totally four types of coal. Type refers to steps in a slow, natural process called
“coalification, during which buried plant matter changes into an ever denser, drier,
more carbon rich, and harder material. There are totally four types have: anthracite,
bituminous, subbituminous and lignite. Activated carbons are complex objects which
are difficult to classify on the basis behaviour, surface morphology. Mostly, main
classification is depending on the particle size, synthesis method, and using application.
Totally, there are seven ranks of activated carbonaceous precursor followed by activation
of the resulting char in the presence of some activating agents such as carbon dioxide or
steam. carbon have which depends on the shape size and application, such as powdered,
granular, extruded, bead, impregnated, polymer depends on the shape size and
application, such as powdered, granular, extruded, bead, impregnated, polymer and
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woven activated carbon. Activated carbon due to its high porosity profile has been
widely used in catalytic processes, electrochemistry, adsorbents and for various
applications especially in the biomedical and environmental fields. The high porosity
and the large surface area, achieved after the activation process, confers very high
adsorption capacity to activated carbons, which is difficult to obtain with other sorbents.
Consequently, the field of application of an activated carbon is extremely wide.
Microporous carbons may be suitable either for gas or vapor adsorption (air purification,
gas separation, catalysis, solvent recovery, gasoline emission control, etc.). Mesomacroporous activated carbons are used for liquid phase applications (water and
industrial wastewater treatment, food industry, catalyst support etc.). Liquid phase
applications account for about 80% of the total activated carbon use.
Basically, there are two different processes for the preparation of active carbon:
physical and chemical activation. Physical activation involves carbonization of a
carbonaceous precursor followed by activation of the resulting char in the presence of
some activating agents such as carbon dioxide or steam. In physical activation,
elimination of a large amount of internal carbon mass is necessary to obtain a welldeveloped carbon structure, whereas in the chemical activation process all the chemical
agents used are dehydrating agents that influence pyrolytic decomposition and inhibit
formation of tar, thus enhancing the yield of carbon. The temperatures used in chemical
activation are also lower than that used in the physical activation process, and therefore
the development of a porous structure is better in the case of the chemical process.
Activated carbon is a highly porous carbon-based material, which has been subject to
an activation process, either with oxidizing gases, such as steam, carbon dioxide, air or
a mixture of them (a process called physical activation) and temperature condition was
above 250 °C, usually in the temperature range of 600–1200 °C, or by means of chemical
agents, such as ZnCl2, H3PO4 , KOH (a process called chemical activation and used
reagents are alkali and alkaline earth metal containing substances). Physical activation
of coal and lignocellulosic materials has been extensively studied in the past and chemical
activation has been a subject of investigation by a number of workers. Some authors
studied the combination of these two methods [1-3] to obtain high surface area adsorbents.
In the case of chemical activation, the effects of KOH [4, 5] and ZnCl 2 , [6-9] on
carbonization of coal and other precursors have been of particular interest, and zinc
chloride in particular is the widely used chemical agent in the preparation of activated
carbon. Modification of AC is considered as an effective process to enhance its adsorptive
characteristics. The KOH activated carbons prepared from elm tree waste were treated
by a novel and green method using thermal tension by successive washing with 80/ °C,
95 °C and 2 °C water to enhance the pore development and adsorption of Cr (VI) and
Pb (II) from aqueous solutions. The simulation of thermal stress using a finite-elementanalysis implied that the quick temperature changes might cause the formation of cracks
leading to enhancement of porosity. The nature of the precursor material, synthesis
method, and activation conditions are the most important factors that can affect the
characteristics of ACs including surface area, pore volume, and size distribution [10]
(as shown in Table 1). The pore size distribution is used to categorize ACs into micro-,
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meso- and macroporous, and indicates the degree of heterogeneity in the ACs structure
[11]. Various modification methods of carbonaceous materials can also enhance their
pore structure and surface chemistry by introducing the non carbon moieties to the
surface of porous materials which improves their affinities to specific sorbates and
consequently enhances adsorption performance of AC for wastewater treatment. Surface
modification of ACs through creating surface oxygen functional groups like carbonyl
groups can be performed through dry and wet oxidations. Reactions of oxidation gases
like steam and CO2 with surface of AC at high temperatures (respectively 700 and 800
°C) [12] is called dry oxidation while wet oxidation is reactions of oxidizing solutions
like nitric acid (at 120 °C) [13] and ammonium per sulphate under moderate temperature
[14] or hydrogen peroxide at room temperature [15]. Basic treatment of AC with NaOH
solution (at 30 °C) or gaseous ammonia thermal treatment (at 300 °C) enhanced the
adsorption efficiency of organic and mineral pollutants from wastewater [16]. Generally,
most of post-AC treatments are based on the use of chemicals or high temperatures. In
the present study, a novel and green process, without the use of chemicals, was proposed
for post-modification of potassium hydroxide (KOH) activated carbon prepared from
elm tree lignocellulosic.
Table 1.Comparison of gas activation and chemical activation

Raw material
Activation agents
Activation temperature
Activation system
Pore volume (ml/g)
Surface area (m 2/g)
Average pore size (+!)

Preparation condition
Gas
Chemical
Carbonized and dried compounds
Carbonized and non-carbonized compounds
Water vapor, CO 2, O 2
ZnCl 2, H3 PO 4 , NaOH
750~1150 o C
400~800 o C
Easy, friendly environmental
Complex, corrosion, non-friendly environmental
Properties
0.4 5~1.30
0.7 0~1.90
70 0~16 00
70 0~18 00
10~30
10~35
Application
Gas ads., deodar, air
Decolorization, deodar, pharmaceuticals,
purification, solvent recovery,
surgery purification, liquor,
catalyst support, wastewater
petroleum, wastewater purification
purification

Methodology of Manufacturing and Synthesis of Activated carbon
The synthesis method of activated carbon categorized in two pathways: chemical and
physical (gas). Figure 1 shows the typical physical (gas) and chemical activation process.
The powdered activated carbons were produced from lignocellulosic waste by chemical
activation with KOH. Preparing a mixture of raw material and KOH were done
according to the methods reported for grape seeds [17]. Based on literature, relatively
high carbonization temperature [18] and impregnation ratio [19] in KOH activation
method resulted in more micro-porosity of prepared AC. Therefore, 10 g of the
lignocellulosic waste of elm tree was mixed with 20 g of powdered KOH for 24 h in
ambient temperature by impregnation ratio of 2:1 (activating agent: lignocellulosic waste).
The prepared impregnated samples were put in a stainless-steel crucible and pyrolyzed
for 1 h in a muffle furnace. The atmosphere was neutralized by N2 gas flow at a constant
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rate of 1 L min. The carbonization temperature was adjusted at 800 °C KOH activation
method with a heating rate of approximately 10 °C min. The sample was cooled up to
ambient temperature under N2 atmosphere and the produced activated carbon was
weighted. After impregnation of raw materials and KOH the structure of biomass (i.e.
cellulose) will break down. Then the chemical activator dehydrates the raw materials
during pyrolysis in the absence of air. As a result, the carbon skeleton is charred and
aromatized, which will finally create a porous structure.

Figure 1. Typical activation process of Activated carbon.

2.1 Method of heavy metal removal
A number of specialized processes have been developed for the removal of heavy metals
from waste discharges and for the remediation of contaminated soils and groundwaters.
For the removal of metals from solution, these unit operations involve chemical
precipitation (hydroxide, carbonate, sulfide, or combinations thereof), coagulation/
flocculation, ion exchange, solvent extraction, cementation, complexation,
electrochemical operations, evaporation, filtration, and membrane processes. Several
reviews are found in the technical literature that summarize the various physical/
chemical treatments for heavy metal removal [20, 21].
i.

Chemical precipitation - transforming a soluble compound into an insoluble form
through the addition of chemicals, such that a supersaturated environment exists
(i.e., the solubility product is exceeded) (as shown in Figure 2a). Chemical
precipitation is a complex phenomenon resulting from the induction of
supersaturation conditions• Precipitation proceeds through three stages: (1)
nucleation, (2) crystal growth, and (3) flocculation.

ii. Coagulation/Flocculation - is capable of removing heavy metals from solution.
Coagulation refers to charge neutralization of the particles (as shown in Figure
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2b). Flocculation involves slow mixing to promote agglomeration of the
destabilized particles.
iii. Ion Exchange - removal of heavy metals is accomplished by the exchange of ions
on the resin for those in wastewater (as shown in Figure 2c). Ion exchange is an
ideal method for removal of trace amounts of impurities from dilute wastewaters,
with the high quality treated water ready for reuse. Because ion exchange is
efficient in removal of dissolved solids from normally dilute spent rinse waters, it
is well suited for use in water purification and recycle.
iv. Flotation - depends on the use of a surfactant that causes a non-surface active
material to become surface-active, forming a product that is removed by bubbling
gas through a bulk solution to form a foam (as shown in Figure 2d).

Figure 2. Schematic illustration of Method of heavy metal removal.

v. Electrochemical operations - a direct current is passed through an aqueous
solution containing metal ictus between cathode plates and insoluble amides.
The positive charged metallic ions adhere to the negatively charged cathodes,
leaving a metal deposit that can be stripped off and recovered. The theory of
operation basically involves an oxidation-reduction reaction whereby electrons
are supplied by an external electrical source, reducing the metal ions in the
electrolyte to form elemental metal at the cathode surface.
2
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vi. Evaporation/Distillation - treatment has been for product recovery, with some
limited use to treat final concentrated wastewater residues to dryness. These
techniques are basically end-of-the-pipe processes (as shown in Figure 2e). This
technique requires sorting of wastes by types and use of various means for
exclusion and or removal of impurities.
vii. Coprecipitation/ Adsorption - when a solid phase is precipitated from solution,
impurities that are normally soluble under the conditions of the precipitation
may adsorb onto nuclei or crystals and be removed with the parent solid as a
single phase (as shown in Figure 2f). There are several type of adsorption methods
has: such as surface adsorption, occlusion, isomorphic inclusion, mechanical
entrapment, post precipitation. There are five basic techniques that can be used
to remove heavy metals from solution. These techniques include formation of
metal hydroxides (heavy metals are removed by adding an alkali), metal
carbonates (using soda ash-sodium carbonate), metal sulfides, and xanthate
treatment (xanthate acts as an ion exchange materials removing heavy metals
and replacing them with sodium and magnesium), or combinations (the chemical
treating agents (precipitants) from more than one of the previous chemical
precipitation systems are combined) thereof.
viii.Adsorption - characteristics of cationic and anionic species onto activated carbon
surfaces. Important physical/chemical properties affecting inorganic electrolyte
adsorption include specific surface area, pore structure, electrophoretic properties,
and surface acidity (Figure 2g). The rule of anions in the adsorption of heavy
metals was delineated by consideration of the following reaction steps: (1) anions
accumulate in the double layer of a positively charged particle, (2) approach of
metal ions to the soil surface is facilitated, and (3) complexes form between the
heavy metal ions and the already adsorbed aqueous anionic ligands .
Result and discussion
The adsorption capacity of activated carbon depends upon porosity as well as the chemical
reactivity of functional groups at the surface [22]. The main types of atoms which can bond to
the edge of the carbon layers and have significant effects on the surface properties are oxygen,
nitrogen, halogen, and hydrogen [23]. Therefore, the FTIR spectroscopy method was used to
obtain information about the presence of possible functional groups on the surface of ACs
(Figure 3). The FTIR spectrum of the ACs derived from elm wood treated with or without
thermal tension treatment had many similar features. However, some different intensities of
the peaks were identified. The wide peak between 3100 and 3600 cm”1 belongs to the phenolic,
alcoholic, and carboxylic acid –OH groups [24, 25], which is the most responsible for heavy
metal ions adsorption in lignocellulose materials. The peak in the range of 2800–2900 cm-1
indicated the presence of –CH group in carboxylic acids, methyl, or methylene [26]. The intensity
of this peak in thermal tension treated AC was higher than non-treated AC and hence
showed a higher adsorption capacity (which will be discussed further). The peak located
at 1600 cm -1 indicated C=C stretching of the aromatic rings. At high carbonization
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temperatures, C-H bond may decompose to form a more stable aromatic C=C bonds. This
might also be as a result of the conjugation of C=O groups with aromatic rings and formation
of carbonyl-containing groups [27]. Table 2 shows the elemental analysis result of Activated
carbon which obtained with the chemical activation using NaCl, CaCl2, KCl, and H3PO4 (i.e.,
samples C-Na, C-Ca, C-K and C-P, respectively) showed the highest content of oxygen, which
could be attributed to the introduction of oxygenated functional groups (acidic, basic and
neutral) that modify the surface chemistry and adsorption properties [28-31]. The pyrolyzed
sample C showed a lower oxygen content than those obtained with CO2 activation (samples
C-CO2). The activated carbon obtained from H3PO4 treatment (sample C-P) showed the highest
surface acidity. The morphology structure, functional group, and specific surface area of the
Activated carbon with additional element/compound are main factor of adsorbent material.
For example, zeolite combined with activated carbon showed a high adsorb abilities of Cu2+
could reach up 92.8%. A composite structure of the zeolite and activated carbon is successfully
synthesized through CO2 activation followed by the hydrothermal synthesis method using
coal gangue as the raw material. The specific surface area of a so-prepared composite is
669.4 m2/g, which is much larger than that of the pure NaA type zeolite (249.3 m2/g). Figure
4 shows the morphological and structural property of adsorbent material. From the low
magnification (Figure 4a), the zeolites have a good dispersive property, uniform size distribution
and regular geometrical shapes without impurity on a large scale, indicating that the carbon
element has been burned out completely. From the high magnification (Figure 4b), the single
zeolite is a regular hexahedron with each side about 1.5–2 ìm in length. Each of them has an
angular shape and a smooth surface. Some irregular bulk materials appear in this sample and
more and more zeolites grow on the surface of these bulk materials to form larger aggregates
in Figure 4 (c-d). The zeolite surface becomes rougher in a system with many carbon-based
materials. According from TEM image, the activated carbon has a disordered and fluffy structure
containing many big pores. The inset image between Figure 4e and f is the SAED pattern of
ZAC. The main object in the image is a dispersed diffraction ring, which is ascribed to the
amorphous structure of activated carbon. The SAED pattern also exists many irregular
diffraction spots, illustrating that there exists polycrystalline phase.

Figure 3. FTIR spectra of prepared activated carbons prepared from the lignocellulosic waste of elm tree [28].
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Figure 4. SEM images of zeolites containing different contents of carbon (a-b) Zeolite, (c-d) ZAC (zeolite
with activated carbon), (e) A high resolution TEM image of zeolite in ZAC. (f) A high magnification
TEM image of activated carbon in ZAC.(g) low magnification TEM image of ZAC.
Table 2. Results of elemental analysis and textural properties of adsorbents obtained from pecan
nutshell biomass.
Elemental analysis, %

Textural parameters

Sample

N

C

H

O

p.z.c.

C-Na
C-Ca
C-K
C-CH
C-S
C-P
C-CO2
C

0.510
0.347
0.362
0.273
0.140
0.231
0.126
0.063

78.827
68.961
76.465
82.159
81.351
68.330
80.906
83.598

0.576
0.774
0.879
0.790
0.861
0.842
0.636
0.773

20.087
29.919
22.294
16.778
17.647
30.597
18.333
15.565

9.15
9.25
9.38
7.45
6.88
2.86
7.87
9.43

3.1.

SBET
m 2/g
786
490
808
365
310
396
377
331

Vt
cm 3/g
0.614
0.399
0.546
0.200
0.163
0.208
0.215
0.171

a

Vmic
Vmes
cm 3/g cm 3/g
0.474 0.140
0.266 0.133
0.374 0.172
0.186 0.014
0.160 0.002
0.206 0.002
0.190 0.024
0.167 0.003

AP
30.79
31.75
26.72
21.07
20.11
20.20
22.01
19.56

Thermal tension treatment of activated carbon

For thermal tension treatment, the obtained AC were stirred three times at 80 °C for 3 h
in distilled water until the pH was attained 6–7. The use of hot water during washing is
aimed to dissolve and extract the rests of activating agent and retained tars in order to
free the porous texture developed during the activation process. This washing process is
favored at high temperature, and thus 80 °C was selected [32]. In order to expose the
sample to thermal stress (temperature change), 1/ L of boiling distilled water (95 °C)
and subsequently 1/ L of cold distilled water (2 °C) were immediately passed through
each sample. To confirm the effectiveness of thermal tension on the textural development
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and adsorption capacity of prepared AC, the sample was also washed without any
thermal treatment. In this method, the sample was sequentially washed with distilled
water in ambient temperature until the filtrate reached to pH of 6–7. The obtained ACs
were dried in an oven, left in the desiccator until became cool and then kept in separate
containers for subsequent use. The simulation is generally based on the mechanical and
thermal properties of the material such as Young’s modulus, Poisson’s ratio, density,
expansion coefficient, specific heat, effective thermal conductivity, and heat transfer
coefficient [33]. This simulation consisted of two coupled temp-displacement (Transient)
steps with a time of 0.05 s. The initial temperature of the object was 80 °C. In the first
step, the temperature of boiling water was 95 °C, and in the second step, it was 2 °C. It
was also assumed that all cube faces were in contact with water. It should be noted that
due to the small size of the selected material, the temperature changes could be occurred
quickly at a short time. Figure 5 shows the temperature gradient and thermal stress
gradient in the cut view of cube during the time, respectively. After treating AC at 80
°C, in the first step of thermal stress (Figure 5), at time t = 0, the temperature of the
particle is at 80 °C. By adding water at 95 °C to AC, the particle temperature increases
in a fraction of a second. As time passes, the temperature difference arises between the
surface and the middle of the particle. After that, at t = 6.7 × 10"3 s, the whole particle is
at 95 °C. In the second step (Figure 5), the temperature of a particle at 95 °C (t = 0),
decrease quickly and reaches 2 °C in a fraction of a second (t = 2.7 × 10-2 s) after adding
cold water. The thermal stress and the fractures are recognizable by the temperature
gradient in the outer, middle, and internal layers of the particle, during washing with
hot water at 95 °C, then cold water at 2 °C. The AC undergoes considerably lower
stresses in the first step comparing to the second step. At time t = 0, there is no temperature
gradient and the stress in the particle is zero. In the first step, according to the temperature
change from 80 °C to 95 °C, the thermal stresses reach to 0.592 MPa. In the second step,
in which the temperature change is higher than the first step (from 95 °C to 2 °C), the
thermal stress levels reach the maximum (2.937 MPa). As the mechanical properties of
material including the strength and elasticity, the thermal properties, and the corrosion
resistance are affected by the amount of porosity in a material [34], the performance of
thermal shock may be more efficient in the AC with high porosity and surface area.
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Figure 5. Temperature change gradient during thermal tension treatment of the prepared activated carbon,
step 1: temperature change from 80 °C to 95 °C, step 2: temperature change from 95 °C to 2 °C
[28].

3.2.

Adsorption property of Activated carbon material

The heavy metal pollution has become an increasingly serious environmental problem due to
the threat of living species and ecological security with the continuous growth of population
and the rapid development of the global industry [35, 36]. Heavy metal pollution caused by
cadmium, chromium, copper, lead, mercury, nickel and arsenic is most serious to the human
body [37]. There are several adsorbent materials such as zeolites [38], polymers [39-44], fly ash
[45], biomasses [46-52], graphene oxide [53-55], and activated carbon [56] which have been
applied for the removal of heavy metals. Among them, AC is a considerable adsorbent material
due to Textural properties (i.e., surface area and pore distribution) and surface chemistry (e.g.,
functional groups) are key point to establish the adsorption property of the adsorbent. Figure
6 shows the adsorption capacities of pecan-based adsorbents for the removal of heavy metal
ions Cu2+, Cd2+, Ni2+ and Zn2+. Metal adsorption capacities in mono-component studies ranged
from 0.011 to 0.368 mmol/g and the highest values were obtained for the removal of Cu2+
and Zn2+ ions. Overall, activated carbons C-Na, C-Ca and C-K showed the best removal
behavior for tested heavy metal ions, while the activated carbon C-S showed the lowest
adsorption capacities at tested operating conditions. Therefore, it is clear that the chemical
activation may improve the metal adsorption properties of the adsorbent obtained from single
pyrolysis up to 12.14% using a proper route and chemical reagent. Figure 7 illustrates the
mechanism proposed for heavy metal removal using pecan nutshell – based adsorbents. Heavy
metal ions may interact with the oxygenated functional groups of the adsorbents besides the
calcium present in the adsorbent surface can be exchanged with these ions. In particular, the
activation procedures increased the ion exchange properties of these adsorbents. This
mechanism also explains the antagonistic adsorption in multi-metallic solutions where the
adsorption capacities decreased with the increments of initial concentrations of binary solutions.
The chemical activation may improve the metal adsorption properties of these adsorbents up
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to 1214 %. Activated carbons obtained with a chemical activation using NaCl and KCl showed
the highest surface area and the best calcium exchange properties for heavy metal adsorption.
Furthermore, the pH condition is side factor for the heavy metal removal efficiency. The effect
of optimum pH of lead (Pb2+), copper (Cu2+), chromium (Cr3+), cadmium (Cd2+) solutions
were 2.10, 2.08, 2.09, and 2.13, respectively. Generally, the pH value of the heavy metal solution
increased with bamboo activated carbon dosage. Table 3 demonstrates the effects of Mosso
and Ma bamboo activated carbons (soaking time 24 h) on the adsorption capacity and removal
efficiency of heavy metal ions (10 ppm). The pH values of the test heavy metal solutions were
2.47–2.54. The adsorption capacity increased rapidly with increasing pH value in the initial
stage. However, the adsorption capacity decreased with increasing pH value after the maximum
adsorption capacity was reached. The corresponding pH value defined as the optimum pH
value was obtained when the maximum adsorption capacity was reached. Table 4 also shows
100% removal efficiency by the S1C1 and S2C1 groups on Pb2+ and Cu2+, and by the S1M1
and S2M1 groups on Pb2+, Cu2+, Cr3+, and Cd2+; whereas, a 43.9–65.8% removal efficiency by
the S1C1 group on Cr3+ and Cd2+, and the S2C1 group on Cd2+ was observed. The optimum
pH values of Mosso and Ma bamboo activated carbons for maximum removal efficiency were
7.26–7.86 and 7.53–9.82, respectively. Ücer et al. (2006) reported that the optimum pH values
of tannic acid immobilized activated carbons for adsorption of Cu2+, Cd2+, Zn2+, Mn2+, and
Fe3+ were 5.4, 5.7, 5.6, 5.4, and 4.0, respectively. When activated carbon prepared from apricot
stone with a pH value ranging from 1 to 6 was used, the adsorption capacity decreased from
34.70 to 7.86 mg/g for Cr6+; whereas, the adsorption capacity increased from 7.74 to 30.07 mg/
g for Cd2+, from 2.83 to 29.47 mg/g for Cr3+, from 2.51 to 27.21 mg/g for Ni2+, from 4.86 to
24.21 mg/g for Cu2+, and from 6.69 to 22.85 mg/g for Pb2+, respectively [55]. In their study,
the maximum removal efficiency and corresponding optimum pH value were 99.99% and 1
for Cr6+, 99.86% and 3 for Pb2+, 99.67% and 5 for Cd2+, 99.17% and 6 for Co2+, 98.56% and 4
for Cr3+, 97.59% and 4 for Ni2+, and 96.24% and 4 for Cu2+, respectively. From the abovementioned references, it was concluded that the adsorption capacity of heavy metal ions by
most of the various activated carbons was better at a pH value less than 7.

Figure 6. Mono-component adsorption capacities of the pecan-based adsorbents for the removal of heavy
metal ions at pH 5 and 30 °C. Heavy metals: a) Cu2+ and Zn2+, b) Ni2+ and Cd2+.
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Dosage (g)
pH

2.54
3.94
6.07
7.54
2.54
3.66
7.04
7.40
2.54
9.18
9.70
10.02
2.54
7.83
7.85
7.95

0.236
0.675
0.407
0.380
0.638
0.396
1.901
0.676
0.404
1.998
0.667
0.397

Pb (II)
Adsorption
capacity
(mg/g)
24.26
99.87
100.0
20.16
100.0
100.0
100.0
99.98
100.0
100.0
100.0
100.0

Removal
efficiency
(%)

pH

2.48
2.90
5.81
7.39
2.48
2.99
6.73
7.91
2.48
8.16
9.25
9.60
2.48
7.10
8.00
8.26

0.002
0.587
0.401
0.259
0.660
0.400
1.908
0.650
0.634
1.425
0.650
0.398

Cu (II)
Adsorption
capacity
(mg/g)

73.98
100.0
100.0

0.10
86.43
100
14.16
99.10
100.0
100.0
100.0
100.0

Removal
efficiency
(%)

pH

2.54
2.66
5.90
7.26
2.54
3.24
6.38
7.52
2.54
7.10
9.77
9.8
2.54
6.95
7.78
8.05

0.02
0.197
0.174
0.041
0.238
0.257
0.403
0.670
0.398
0.381
0.655
0.396

0.01
29.91
43.86
2.08
37.17
65.83
21.02
98.44
100.0
20.82
99.86
100.0

Cd (II)
Adsorption Removal
capacity efficiency
(%)
(mg/g)

Table 3. Adsorption capacity and removal efficiency of heavy metal ions by Mosso and Ma bamboo activated carbons (soaking time 24
h).
Bamboo AC

S1C1

S2C1

S1M1

S2M1

0
0.1
0.3
0.5
0
0.1
0.3
0.5
0
0.1
0.3
0.5
0
0.1
0.3
0.5

Preparation of Activated carbon from Coal and their application in the adsorption of heavy metal ions

59

To improve the adsorption capacity, recent studies have been focused on supporting
Fe3O4 nanoparticles onto AC. By impregnating Fe3O4 nanoparticles into activated carbon,
the characteristics of the resulting surface have modified so that there are a large number
of active sites that can increase the chemisorption. In particular, Fe3O4 nanoparticlesloaded activated carbon can be separated by using an external magnet. The modification
of activated carbon chemistry has been developed to increase the number of acidic sites
in the surface. It is demonstrated that the presence of functional groups containing
oxygen atoms onto AC play a vital role for removal of heavy metals because these groups
can form complex with heavy metals [57-59]. Furthermore, the ultrasonic method can
accelerate the separation of the heavy metals from polluted water. Carbon materials
were doped with magnetic nanoparticles magnetic particles such as Fe, Co, Ni and Cu,
especially Fe3O4, because of their excellent magnetic properties, wide availability, low
cost, and biocompatibility. The synthesis of Fe3O4 NPs@AC@C4H8SO3H, the growth of
Fe3O4 nanoparticles and the loading of C4H8SO3 H onto AC are shown in Scheme 1.
Furthermore, the efficient nano-sorbents and nanocatalysts based on metal oxides
nanoparticles (MO-NPs) generally include manganese, iron, aluminum, silicon, titanium,
and cerium oxides. The interests in these MO-NPs are mainly focused on their high
surface areas, reactive functional groups, good selectivity and high metal up-take capacity
removal of investigated heavy metal ions [60, 61]. The removal performance of lead (²²),
cadmium (²²) and copper (²²) ions on SnO2-NPs-AC-MnO2-NPs was investigated and
optimized by the batch adsorption technique and applying a number of controlling
parameters as pH of contact solution, shaking time, nano sorbent dosage, ionic metal
concentration and interfering species. The maximum metal up-take capacities were 4100,
2600 and 2500 ì mol g-1 for copper (²²), lead (²²) and cadmium (²²), respectively by applying
concentration of Cu(II), Cd(II) and Pb(II) (0.2 mol L-1), time of reaction (30 min), pH 7 of
reaction solution.
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Scheme 1.
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Synthesis processes and the structure of Fe3O4 NPs@AC@C4H8 SO3 H
composites

Conclusion
Activated carbons (ACs) have desirable characteristics that make them attractive for
many industrial applications. In order to reduce their production cost, there is always a
need to find alternative low-cost feedstock precursors. A series of activated carbons was
prepared from bituminous coal by chemical activation with potassium hydroxide and
zinc chloride and also by physical activation with carbon dioxide. The effect of process
variables such as carbonization time, temperature, particle size, chemical agents, method
of mixing and impregnation ratio in the chemical activation process was studied in
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order to optimize those preparation parameters. A number of specialized processes
have been developed to the removal of heavy metals from waste discharges and for the
remediation of contaminated soils and groundwaters. Depend on the morphology
texture, activation method, the adsorption and removal efficiency of heavy metal are
defined. Nowadays, the surface and texture modification of activated carbon become a
considerable research field.
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