
INTRODUCTION

It is impossible to survive without clean water for any living
beings in the earth. The demand for water increased when the
world’s population continues to grow from time to time [1].
Water pollution will happen when an increasing in the indus-
trial activities. For example, ground water, lake and river get
contaminated because of the heavy metal and dyes from the
industry [2]. Therefore, several techniques such as adsorption,
reverse osmosis, filtration, oxidation, flocculation, magnetic
separation, aerobic and anaerobic method could be employed
to adsorb these pollutants in wastewater.

Adsorption is a substance or energy attracted to the surface
of another material. The attraction between organic matter and
activated carbon is an example of adsorption. Organic matter
is adsorbed material and adsorbent material is activated carbon.
Adsorption is also interpreted as the process of grouping the
adsorbed material on the adsorbent surface. The adsorption
mechanism between these two materials contains several inter-
actions [3]. Physical adsorption occurs by van der Waals forces
(electrostatic forces) such as polarization, bipolar fields and
quadratic slope-field interactions, whereas chemical adsorption
has a strong interaction between the adsorbent and adsorbate.
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It consists of ionic bond or covalent bond [4]. The chemical
adsorption energy is higher (40-400 kJ/mol) than the physical
adsorption (< 20 kJ/mol) of the physico-chemical adsorption
mixture (20-40 kJ/mol) [5]. The differences in the properties
of physical adsorption and chemical adsorption [6] can be
followed in Table-1.

The propensity of the aqueous solution of the adsorbed
material to the adsorbent material is influenced by some factors
such as the properties of the aqueous solution of the adsorbent
(pH, temperature, ionic strength, competition of organic and
inorganic materials), the properties of the adsorbed (structure,
functional group, charge density and surface properties) and
the properties of the adsorbent (concentration, ion size, ion
valence, ion charge, ion weight, stability of the adsorbent and
redox standard potential) [7].

Heavy metal waste produced from the manufacturing
industries such as industries producing fertilizer, mining, metal
plating, batteries contaminate water resources and tanneries
[8]. The specific gravity and atomic weight were found to be
more than 5 g cm-3 and 63.5-200.6 g/mol, respectively [9].
Heavy metals bring high impacts on people, aquatic life (non-
biodegradable and stable) and can cause toxicity of human
health through food chain [10]. Cadmium and zinc could be
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observed in metal liferous mining and agricultural fertilizers.
Nickel and chromium could be seen in electronics and electro-
plating industries. Lead, mercury and zinc could be found in
batteries, paint and pigments industries.

Generally, dye has huge applications including leather,
paper, carpet, textile, food and pharmaceutical industrials. Dye
contained complex aromatic structure (difficult to degrade), high
colour and very high concentration. The production of dye waste-
water from modern industries caused seriously environmental
pollution. Researchers have highlighted that the dye wastewater
treatment process could be identified into three groups (Fig. 1).
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Fig. 1. Dye wastewater treatment by using different techniques

The present work reviews the production of activated
carbon by using different precursors. The adsorption capacity
of dye and heavy metal ions from wastewater was described.
The adsorption kinetic and thermodynamic studies were reported
based on different isotherms. The regeneration process was also
highlighted.

Activated carbon

Methods of preparation and properties: The activated
carbon (AC) is a complex product and its classification is quite
complicated based on preparatory methods, unique physical
properties, porosity and surface area. However, activated carbon
classification is generally directed to its particle size which is
classified into as powders, granules and fibers [11]. Activated
carbon powders have a particle size of less than 0.1 mm and
are generally in the range of 0.015 to 0.025 mm. Its uses are in
the treatment of municipal and industrial wastewater, sugar
staining, food industry, pharmaceuticals, removal of mercury
and dioxins from gas streams [12]. Activated carbon granules
range in size from 0.6 to 4 mm. Often used in continuous process
applications in the liquid or gas phase. It is better than activated

carbon powder, since it can be reused more than once. Among
other advantages include micro pore size distribution, signifi-
cantly higher density, high hardness properties and low rough-
ness index [13]. Activated carbon fibers (ACF) was produced
first in 1970 using rayon raw materials that contain many
sources of cellulose and produced by heat treatment in an oxidi-
zing state. Then thermoset polymer materials such as phenolic
resins as starting materials in the preparation of ACF. A good
raw material must be non-graphical carbon fibers, which are
naturally isotropic. The use of cheap starting materials in the
synthesis of ACF is still in demand [14].

There are two main processes in the production of activated
carbon, namely the carbonation process and the activation process.
The carbonization process involves heating the material at a
temperature of around 200-800 ºC in order to dry and evaporate
the material in the carbon. During this process, thermal decom-
position of the carbon containing material and elimination of
non-carbon species have occurred. Stage 1 (starting material
was dried) and stage 2 (is known as pre-carbonization phase)
are considered as endothermic process, happened when the
temperature was less than 200 ºC and 170-300 ºC. In stage 3
(250-300 C°, exothermic process), generally remove light tar
and pyroligneous liquid. Release volatile to enhance the fixed
carbon content could be observed in stage 4 when the temper-
ature was more than 300 ºC.

The activation process aims to increase the volume and
pores after undergoing the carbonization process and in turn
improve the adsorption performance. In general, activated
carbon can be synthesized by two methods, namely chemically
or physically [15] as indicated in Fig. 2. Physical activation is
done by using hot gas or oxidizing gas such as water vapour
(steam), air or CO2 which is flowed on carbonated carbon and
burned at 800-1100 ºC. Carbon can be activated by reacting
with steam in a closed chamber to enhance gas solid contact
[16]. Physical activation is an important step to convert organic
matter to primary carbon. The primary carbon contained various
types of materials (ash, salt, amorphous and crystalline carbon),
undergoes activation/oxidation process at higher temperatures
(600-900 ºC) by using carbon dioxide gas or steam.

Chemical activation means that the raw material is mixed
with an activating agent (phosphate, carbonate salt, sulfate,
chloride, alkali metal hydroxide) or impregnated until a certain
time before the activation process is carried out under a rare
gas flow [17]. Chemical activation is carried out in which the
carbon resulting from the carbonization process is immersed
in an activation solution before being activated at a temperature

TABLE-1 
DIFFERENCES IN THE CHARACTERISTICS OF PHYSICAL ADSORPTION AND CHEMICAL ADSORPTION [Ref. 6] 

Physical adsorption Chemical adsorption 
Van der Waals forces, hydrogen bonding and electrostatic forces Chemical bonding like covalent bonding 
Not specific High specific 
Single layer and more Single layer 
Has no relation to adsorbed materials Has relation to adsorbed materials 
Significant at low temperatures Significant at variable temperatures 
Fast, not activated, reversible Slow, activated and irreversible 
There is no electron transfer, although polarization of the adsorbed 
material occurs 

Electron transfer towards bond formation between the adsorbed material 
and the surface 

 

[Ref. 6]
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of 600-900 ºC for 1-2 h. Chemical activation using KOH at a
carbon to KOH ratio of 1:4 can achieve the optimal surface
area for porous carbon [18]. Under chemical activation process,
high specific surface area, formation of OH functional group
and good pore development could be observed [19]. There are
two types of stages in the chemical activation process, namely
single stage activation and two stage activation. One-stage
activation means that the carbonization process and activation
occur simultaneously while two-stage activation occurs in a
separate process, namely the carbonization process is done
first followed by the activation process. Two-stage activation
is better in activated carbon production than single-stage activ-
ation. The carbonization process can remove volatile organic
matter and produce porous carbon residue as well as remove tar
in the pores. Two-stage activation causes the activating agent
to react more with carbon, higher pore volume and surface area
[20] could be seen. Carbonization prior to activation helps the
formation of early pores to allow the activating agent molecules
to easily contact the outer surface of the carbon and form high
micro- and meso-pores. It also converts organic matter to a
carbon structure and allows the activating agent to perform
the activation process.

There are some advantages of activated carbon have been
described. For example, higher surface area (up to 3000 m2/g),
micro-pores (20-500 Å), excellent adsorption ability and excellent
surface reactivity [21]. Activated carbon can adsorb materials in
CO2 gas, urea and others. Activated carbon is also capable of
adsorbing dyes, heavy metals, petroleum hydrocarbons, pharma-

ceuticals, pesticides and other organics [22]. The use of activated
carbon is more widely used in the water treatment, beverages,
pharmaceutical industries, automotive and air cleaner

Usage of activated carbon has increased every year. There
is 5% increase in activated carbon demand to reach 1.2 million
metric tonnes in 2010. For instance, Malaysia has exported
activated carbon to Japan (31%), Italy (15%) and the UK (11%).
Most activated carbons were made from coconut shells and wood
wastes. There are more than 10 companies producing activated
carbon in Malaysia with a capacity of 300-1000 tons per month
[23]. In 2018, Malaysia exported wood products, wood articles
and wood carbon worth US $ 3.58 billion according to United
Nations COMTRADE international trade data [24]. The world
activated carbon market is worth USD 4.74 billion (in 2015),
was expected to achieve USD 8.12 billion (in 2021). In 2015,
the market size is 2,743,000 tonnes, was increased to 3,587,000
tonnes (in year 2021).

Activated carbon has two different forms which are in
common use, namely the powdered activated carbon (PAC)
and granular activated carbon (GAC). In physical, the PAC and
GAC were differentiated on their diameter (size of particle).
Generally, the re-usage of the activated carbon is commonly
on the GAC and not on the PAC due to its small particles to be
reactivated. However, few drawbacks also exist while using
activated carbon. For examples, growth of bacteria in the filter
could be observed (reduce efficiency due to the low contact
between the contaminant and adsorbent), therefore, replace-
ment process must be carried from time to time. Also, the dust
can cause blockages. The spent carbon was considered as not
hazardous, but must be disposed in an appropriate manner.

Adsorption of heavy metal and dyes: The removal of
several heavy metal ions (e.g. cobalt, mercury, arsenic, copper,
lead, chromium, nickel, manganese, iron, aluminium and
cadmium) and dye compounds have been discussed by using
activated carbon. Table-2 showed the maximum permissible
limit of various types of heavy metal ions as highlighted by the
Environ-mental Protection Agency (EPA) agency. High surface
area, high porosity structure and high adsorption capacity of
activated carbon could be produced by using various precursors
under specific conditions (carbonation time, carbonation
temperature, impregnation ratio, activating agent, etc.). The
adsorption studies were carried out and investigated via

TABLE-2 
HEALTH EFFECT AND HIGHEST PERMISSIBLE LIMIT OF DIFFERENT TYPES OF HEAVY  
METAL IONS AS SUGGESTED BY THE ENVIRONMENTAL PROTECTION AGENCY (EPA) 

Element Health effect EPA limit (mg/L) 
Cobalt Asthma; Pneumonia has not established a reference concentration 
Mercury  Allergies; Brain function and DNA damage  0.002 
Arsenic Skin disturbances; Lung irritation  0.01  
Copper  Headaches; Liver damage  1.3 
Lead Kidney damage; Disruption of nervous systems 0.015 
Chromium Skin rashes; Lung cancer  0.1 
Nickel Itching; Skin ulceration  has not established a reference concentration 
Manganese  Glucose intolerance; Skeleton disorders  0.3 
Iron Lung cancer; Retinitis  has not established a reference concentration 
Tin Liver damage; Depressions  has not established a reference concentration 
Aluminium Dementia; Loss of memory  has not established a reference concentration 
Cadmium Damage to immune system; Bone fracture  0.005 
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different isotherms. In the following part, the properties of
prepared activate carbon, the adsorption capacity and
adsorption kinetic of the different adsorbates are briefly
discussed based on the literature review.

Cocoa based activated carbon: The cocoa based activated
carbon has been produced by using various activating agents.
The NaOH impregnated carbon [25] can remove lignin, created
accessible surface for adsorption). The adsorption process was
considered as endothermic process, spontaneous and obeyed the
pseudo-second order kinetic. The highest adsorption capacity
of methylene blue was 263.9 mg/g based on the Langmuir
model. Ahmad et al. [26] reported that adsorption of methylene
blue was controlled by film diffusion. Average pore size of
2.7 nm and some functional groups (aliphatic, aromatic hydro-
carbon and OH) could be observed in the obtained carbon.
Zinc chloride impregnated carbon showed the surface area,
pore volume and carbon content were recorded as 780 m2/g,
0.58 m3/g and 86.1%, respectively [27]. The percentage of
removal of arsenic achieved 80% in less than 60 min in the
optimized conditions (pH 6-7, adsorbent dose = 0.5 g/L, initial
metal concentration = 100 ppb). Ribas et al. [28] reported the
highest removal of reactive violet 5 dye was 603.3 mg/g at
298 K in HCl treated carbon. The adsorption process achieved
equilibrium after 45 min at pH 2. Mylsamy et al. [29] reported
the highest adsorption capacity of Reactive Yellow 2 onto the
sulfuric acid treated carbon (carbonization temperature and time
were 550ºC and 7 h) was 52.63 mg/g according to the Langmuir
model (R2 = 0.997). Adsorption kinetic obeyed pseudo-second
order kinetic model (R2 = 0.99), exhibited the chemisorption
process happened (sharing electrons between the activated carbon
and dye). Meunier et al. [30] revealed that the maximum adsor-
ption capacity (6.2 mg/g) of lead ions could be observed at
pH 2, 22 ºC, contact time = 120 min. Recently, León et al. [31]
prepared cocoa shell-based activated carbon under optimized
conditions and evaluated as adsorbent material for methylene
blue dye and ferric chloride salt. The activated carbons using
dry shell (cocoa shell precursor) were classified into three diffe-
rent particle sizes (8-20, 40-60 and 80-120 mesh), which were
obtained by a controlled thermochemical process using a 23

factorial experiment design.
Orange based activated carbon: Orange based activated

carbon has been synthesized under carbonization process and
activation process (activated at 700 ºC for 180 min), exhibited
surface area, total pore volume and mean pore diameter were
225.6 m2/g, 14.5 cm3/g and 22.4 nm, respectively [32]. SEM
images confirmed the significant changes before (homogeneous
distribution with cylindrical porous shape) and after (rough
surface, covered by dye) the adsorption process. The maximum
adsorption capacities of violet B and violet 5R were 38.6-44.2
mg/g and 36.45-37.26 mg/g based on the Langmuir model
(R2 = 0.975-0.996). In the desorption studies, these adsorbents
could be used repeatedly for the removal of dye, maintain more
than 95% and 90% for violet 5R and violet B, respectively
after five adsorption cycles. When the activator was phosphoric
acid, the obtained carbon indicated surface area of 1090 m2/g,
mesoporous structure and the acidic character. The results
confirmed that the fixed carbon increased, but volatile content

dropped after activation (remove hydrogen and oxygen) and
heating process. Adsorption parameters (methylene blue and
rhodamine B) followed the pseudo-second order kinetic and
Langmuir model. The influence of pH on the adsorption of
Direct N Blue 106 onto sulfuric acid treated carbon was studied
[33]. In acidic solution, the number positively charged was incre-
ased, favoured the adsorption process (highest adsorption of
dye was 93.5% at pH 2) because of the electrostatic attraction.
While, the hydroxide ions compete with dye anions for the
adsorption sites in basic conditions (35.9 to 43.5%). The maxi-
mum adsorption capacity of dye was 107.53 mg/g according
to Langmuir model (R2 = 0.976). The adsorption process was
heterogeneous process based on the Freundlich model and supp-
orted pseudo-second order kinetic isotherm. When the activator
was zinc chloride [34], total pore volume and pore diameter
were found to be 0.000206 cm3/g and 20.6Å, respectively. The
FTIR studies revealed several functional groups such as OH
group (3450 cm-1), CH stretching vibration (2925 cm-1), asym-
metric O group (1760 cm-1), symmetric stretching vibration
CO (1620 cm-1), stretching vibration COH (1060 cm-1), presented
in these carbons. The effect of contact time was studied and
observed that removal efficiency increased when the contact
time was increased because of prolonged contact between acti-
vated carbon surface and the heavy metal ion. The percentage
removal was 96% (120 min), 80.2% (210 min), 91.3% (210
min) and 91.2% (240 min) for lead, nickel, chromium and
cadmium ions, respectively. Langmuir model studies indicated
monolayer adsorption, correlation efficiency values were found
to be 0.9059, 0.7947, 0.9377 and 0.9661 in lead, chromium,
nickel and cadmium ions, respectively. When sodium hydroxide
was activator, it could enhance adsorption capacities. The highest
removal of cadmium and nickel was found to be 3 g (91%) and
2.5g (91.11%), respectively [35]. Removal of heavy metal ions
increased as the adsorbent was increased, until reached maxi-
mum, then no effect due to activated carbon was sufficient to
adsorb adsorbate. Thermodynamic studies pointed out that
negative value of enthalpy (-39.59 to -53.06 J/mol) and free
energy (-284.322 to -431.02 kJ/mol), but positive value of entropy
(114.75 o 158.05 J/mol K) during the removal of these ions.

Potato based activated carbon: Potato based activated
carbon was prepared by using two activating agents [36]. It
was observed that low surface area (4 m2/g) and pore volume
(0.002 cm3/g) in raw potato peel waste, improved after first
activation process (676 m2/g, 0.26 cm3/g) due to H3PO4 created
new pores, significantly enhanced via second activation (KOH)
stage, (833 m2/g, 0.44 cm3/g) due to removal of specific contents
(hydrogen, oxygen and nitrogen) in lignocellulosic biomass.
The removal of lead ions was 84.7%, 92% and 97% after 1 h,
24 h and 72 h, respectively. Based on the Langmuir model,
the maximum adsorption capacity of cadmium ions was 239.6
mg/g. In the kinetic studies, it was observed that more than
95% of Cd2+ ions were adsorbed within 5 min and reached
equilibrium within 180 min [37]. Guechi et al. [38] prepared
activated carbon (mesh size = 0.5 to 2 mm) by using air circu-
lating oven (7 days and 50 ºC) showed the highest adsorption
capacity of copper ion was 84.7 mg/g. Removal of acid blue
113 and acid black 1 was observed at pH 2 and pH 3, respectively,
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reached equilibrium within 120 min [39]. The highest corre-
lation coefficient (R2) could be seen in pseudo-second order
kinetic and Langmuir model if compared to other models. The
adsorption process was endothermic [40], spontaneous, matched
well to pseudo-second order and Freundlich isotherm. The
highest adsorption capacities of direct red 80 and methylene
blue at various temperatures (303.16K to 323.16K) were recorded
as 27.778 to 45.45 mg/g and 45.87 to 97.08 mg/g, respectively.

Tomato based activated carbon: Several types of activ-
ating agents were used to produce activated carbon. When the
zinc chloride was activating agent [41], the physical properties
(carbon content = 53.92%, yield = 38.2%, surface area = 1093
m2/g, total pore volume = 1.569 cm3/g, average pore diameter
= 5.92 nm, meso-porosity = 91.78%) of the obtained activated
carbon prepared at the optimized conditions (impregnation
ratio was 6:1, carbonization temperature = 600 ºC, carboni-
zation time = 60 min) were reported. Adsorption capacity for
metanil yellow dye and methylene blue was 385 mg/g and
400 mg/g, respectively as highlighted in Langmuir model. The
highest surface area and micro-pore volume could be observed
under the optimized conditions (activation temperature = 700
ºC, impregnation ratio = 2.5, activation time = 60 min) by
using FeCl2 activator [42]. FeCl2 could be used to enhance the
dehydration process and remove Congo red dye. Mallampati
& Valiyaveettil [43] described the fibrous structure (fiber thick-
ness = 9 to 25 µm), with the major constituents (sulphur, oxygen
and carbon) based on the scanning electron microscopy (SEM)
image and energy dispersive X-ray analysis (EDX) spectrum.
Table-3 lists the correlation coefficient (R2), Langmuir constant
(K) and separation factor (RL) for various pollutants on the
adsorbent surface. Regeneration of adsorbent studies revealed
that 2% and 96% of pollutants was desorbed at pH 10 and pH 4,
respectively indicating H+ ions replaced cationic pollutants in
acidic conditions.

TABLE-3 
CHARACTERISTIC OF THE LANGMUIR MODEL  
FOR ADSORPTION OF VARIOUS POLLUTANTS  

ONTO ADSORBENT [Ref. 43] 

Pollutant K (L/g) RL R2 
Alcian blue 0.0011 0.9947 0.999 
Brilliant blue 0.0039 0.996 0.996 
Methylene blue 0.0496 0.9527 0.998 
Neutral red  00180 0.9822 0.957 
Lead ion Pb(II) 0.0081 0.9919 0.994 
Nickel ion Ni(II) 0.0001 0.9998 0.997 
Arsenic ion As(III) 0.0025 0.9974 0.996 
Chromium ion Cr(VI) 0.0044 0.9956 0.992 
 

Avogadro based activated carbon: Avogadro seed consists
of 2.78% ash content, 12.67% water, starch, protein, fiber and
reducing sugars. Carlos et al. [44] demonstrated the synthesis
of activated carbon in oven at 375 ºC and confirmed that adsor-
ption is a simple technique to remove mercury ions from waste-
water. Chimdessa & Ejeta [45] proposed avocado kernels were
impregnated with HCl and K2CO3, heated in electric furnace
at 800 ºC for 160 min. The activated carbon surface was charged
positively (cation was repelled from the adsorbent surface) and

negatively (electrostatic attraction happened) if the pH less
than and more than 6.5. The maximum adsorption capacity of
copper (16.13 mg/g), lead (7.9 mg/g) and cadmium (142.85
mg/g) were reported based on the Langmuir model (R2 =
0.998). Haki et al. [46] reported different morphologies in the
raw materials (flocked texture and irregular shapes) and NaOH
treated activated carbon (well development of porosity, increased
surface roughness). In the adsorption studies, adsorption of
crystal violet dye could be explained through boundary layer
diffusion, intraparticle diffusion and adsorption equilibrium
stages. Thermodynamic investigations confirmed the  sponta-
neous, decreased in randomness, exothermic process, respectively.
In the regeneration studies, this adsorbent showed excellent
reusability, the dye desorption was observed to be 76.4% after
four adsorption-desorption cycles. Palma et al. [47] highlighted
the physical properties (surface area = 87.5 m2/g, mesoporous
volume = 74%) of the obtained carbon under optimized carbo-
nation conditions (900 ºC, 65 min). Adsorption of naphthol
blue black, reactive black 5 and basic blue 41 onto adsorbent
was found to be 10 mg/L, 20 g/L and 13.4 g/L, respectively.

Dragon fruit based activated carbon: The dragon fruit
was dried in oven, crushed in to specific size (355 to 850 µm)
[48]. The X-ray fluorescence (XRF) showed the percentage
of manganese increased from 0.6% to 45.9% after adsorption
process. Adsorption data supported Langmuir model (R2 =
0.9945) with the highest adsorption capacity of manganese
was 0.28 mmol/g. The chemisorption occurred based on the
pseudo-second order model (R2 = 0.9997). Sahriani et al. [49]
stated that the best conditions for removing the copper ions
when pH = 4, contact time = 10 min conditions were optimized.
The adsorption process fitted well with Langmuir model (R2

= 0.995) with the highest adsorption capacity was 20.4 mg/g.
Tanasal et al. [50] demonstrated the maximum adsorption
capacity of cadmium ions was 36.5 mg/g according to Langmuir
model (R2 = 0.9913). The best conditions for the removal of
cadmium ion were under pH = 5 and contact time was 20 min.
Removal of methylene blue dye reached equilibrium after 60
min as reported by Priyantha et al. [51]. Based on the Langmuir
model (R2 = 0.972), the maximum adsorption of methylene
blue dye was 2 mmol/g. FTIR studies confirmed that some
peaks such as 1637 cm-1(C=O), 1244 cm-1 (CO str.), 1049 cm-1

(C-O-C str.)  were shifted to the new position, indicating these
groups were get involved in the adsorption. SEM analysis showed
different morphologies before (holes with fibrous-like materials)
and after the adsorption of dyes (surface becomes smoother).
On the other hand, the mesoporous structure with surface area
of 756.3 m2/g was observed when KOH was employed as
chemical activator [52]. The removal of methylene blue dye
showed the maximum adsorption capacity was 195.2 mg/g
(Langmuir model) could be explained by hydrogen bonding,
electrostatic interaction and π-π interaction.

Coconut based activated carbon: Coconut based activated
carbon [53] was produced by using carbonization (600 ºC, 180
min, under muffle furnace) and activation process (zinc chloride).
SEM images showed smooth surface and rougher morphology
in raw material and activated carbon, respectively. Removal of
methylene blue dye was fitted well with Langmuir model (R2

[Ref. 43]
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= 0.992, maximum capacity = 324.78 mg/g) than other models
[Freundlich (R2 = 0.89) and Temkin model (R2 = 0.959)]. The
highest percentage of removal of dye reached 92.39% at the
optimized conditions (shaking speed = 110 rpm, adsorbent
dosage = 0.02 g; initial concentration = 450 mg/L, contact
time = 4.5 h). Thermodynamic parameters revealed positive
value of enthalpy (7015.76 J/mol) and entropy (26.15 J/mol K),
but negative value of free energy (-1559.35 to -2107.78 J/mol).
Srisorrachatr et al. [54] reported the highest percentage of
removal of basic yellow 13 (56.28%) and basic red 14 (55.7%)
at pH 11, indicating high electrostatic repulsion at acidic pH
conditions. The adsorption data supported the Langmuir model
(showed monolayer adsorption) with maximum adsorption
capacity of basic red 14 and basic yellow 13 was 22.93 mg/g
and 19.76 mg/g, respectively. Bernard & Odigure [55] pointed
out the percentage of removal of lead (100%), zinc (26.15%),
iron (76%) and copper (71.26%) and reached equilibrium within
40 min, 60 min and 80 min, respectively. In the chemical adsor-
ption process, various types of heavy metals stick to the surface
of activated carbon by forming covalent bond. Onyeji & Aboje
[56] reported the percentage of removal of Hg2+ ions increased
from 81-90%, with increasing the adsorbent dose (2 to 12 g),
indicating more surfaces were available on the activated carbon.
The adsorption data obeyed the Langmuir model (R2 = 0.96)
with the maximum adsorption capacity was 17.24 mg/g. The
coconut coir was used to produce carbon by using activating
agent (phosphoric acid) [57].

Cucumber based activated carbon: The cucumber peel
consisted of cellulose, lignin and hemicellulose components
[58]. The removal of lead ions reached equilibrium within 60
min, under optimized conditions (pH = 5 and 30 ºC). The adsor-
ption data supported the Langmuir model (adsorption capacity
of lead ions was 133.6 mg/g) and pseudo-second order kinetic
model. Removal of cadmium by using activated carbon has
been reported by Mousumi et al. [59]. FTIR studies confirmed
the carboxyl group was considered as metal-binding group
during the adsorption process. The adsorption data supported
Langmuir model (maximum adsorption capacity of cadmium
= 0.998 mmol/g) and pseudo-second order kinetic isotherm.
The sulfuric acid treated activated carbon [60] showed unique
properties (moisture = 11.62%, ash = 12.59%, zero-point charge
= pH 4, conductivity = 0.922 µs cm-1 and total acidic group =
0.192). When the pH was increased, more negative charged
could be observed in the adsorbent surface, strong electrostatic
attraction appeared between dyes and activated carbon (maxi-
mum adsorption occurred). The maximum adsorption capacity
of crystal violet and rhodamine B dyes was 35.33 mg/g and
34.01 mg/g, respectively based on the Langmuir model. The
chemisorption process and intraparticle diffusion was not the
only rate controlling step as highlighted during the experiment.
The influence of agitation speed was studied by Vasu & Selvaraju
[61]. The percentage removal of reactive blue dye increased
from 94.4, 94.6, 94.7 and 94.9% with increasing the speed from
50, 100, 150 and 200 rpm. The maximum adsorption capacity
of dye reached 59.17 mg/g based on the Langmuir model (R2

= 0.9891). The adsorption kinetic obeyed pseudo first order
model (R2 = 0.9915) with rate constant and equilibrium

adsorption intensity were 0.0694 min-1 and 133.23 mg/g,
respectively.

Papaya based activated carbon: Activated carbon can be
prepared by using different parts of papaya. Adsorbent produced
by using papaya seed showed big pore size with mesoporous
texture [62]. The adsorption data could be represented by pseudo-
second order model and Langmuir isotherm (highest adsorption
capacity of direct black 38 = 440 mg/g). The adsorption process
was successfully controlled by pore diffusion and external mass
transfer. The papaya leaf was used as staring material as reported
by Ahmaruzzaman [63]. The highest removal of methyl orange
dye could be found in the specific conditions (pH = 2, contact
time = 2 h, agitation rate = 150 rpm). The adsorption kinetic
supported pseudo-second order model and Langmuir model
(highest adsorption capacity = 333.34 mg/g). Igwegbe et al.
[64] reported the best adsorption process happened at pH 5.9
with 5 g/100 mL adsorbent, 0.8 g (zinc), 0.042 g (cadmium)
and 0.047 g (lead) were successfully removed onto papaya
trunk based activated carbon. Saeed et al. [65] employed papaya
wood as precursor to remove copper ions in wastewater. The
highest removal of copper ion was 97.8% in the specific condi-
tions (concentration of copper = 10 mg/L and adsorbent dose
= 5 g/L, pH = 5). The adsorption data supported Langmuir model
(R2 = 0.99) and pseudo-second order kinetic isotherm (R2 =
0.99). It was noted that no loss in the efficiency of Cu2+ ions
removal (after five adsorption cycles) in biosorption-desorption
investigations.

Cotton based activated carbon: The cotton fiber, stem
and stalk have been used to produced activated carbon. The
characteristics of cotton stem based activated carbon [66] were
reported such as moisture (7%), ash (24%), density (0.431 g/cc)
and surface area (198 m2/g). The adsorption of Sudan Red G
dye increased when the contact time was increased, then reached
equilibrium (maximum adsorption = 91.27%) after 2 h. It was
clear that percentage of removal increased (90.54% = maxi-
mum adsorption) as adsorbent dose (0.002 to 0.01 g/L) was
increased because of the large surface area and more functional
groups on the surface of adsorbent. Based on the Langmuir
model (R2 = 0.877), maximum adsorption capacity was 25
mg/g. The activated carbon was produced from cotton stalk
[67], had surface area about 850 m2/g with the particle size
(35-50 mesh fraction). The pH of zero point of charge was 5.6,
indicating adsorbent has negative charge when the pH more
than pH 5.5. The experimental findings confirmed that the
removal of lead (99% when pH < 5), copper (99%, pH < 6.3)
and cadmium (80% for pH 9) strongly depended on the pH
conditions. High quality of carbonaceous material could be
prepared under carbonization process by using acid or base
treatment process (to remove lignin and hemicellulose comp-
onents) [68]. The cellulose rich materials showed the fastest
removal of methylene blue dye onto cotton stalk based carbon
within the test time. Cellulose can produce fibrous network
structure (due to intermolecular hydrogen bonding), can enhance
pore size and pore volume. It was observed that the adsorption
process was physio-sorption and high concentration of methylene
blue dye needed longer time to achieve equilibrium process.
Concentrated sulfuric acid was used as activating agents to
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synthesis cotton fiber based carbon to remove azo dyes [69].
The results revealed that adsorption of dye rapidly in first 20
min (dye ion was adsorbed by exterior adsorbent surface),
adsorption rate dropped and achieved equilibrium about 1 h
(completely adsorbed by interior adsorbent surface).

Rice husk based activated carbon: The synthesis of rice
husk based activated carbon by using different activating agents.
The char could develop more pores after activation process by
using zinc chloride. The highest removal capacity of crystal
violet was 61.575 mg/g [70] and the adsorption data obeyed
pseudo second order model and intra particle diffusion model.
Ahiduzzaman & Sadrul Islam [71] reported that the obtained
activated carbon consisted of high amount of silica. Develop-
ment of porosity could be achieved by removing silica through
higher temperature. The uptake of methylene blue dye was
observed to be 149, 203, 262 and 264 mg/g when the temper-
ature was increased (600, 700, 800 and 900 ºC). The highest
correlation coefficiency could be seen in Langmuir model (R2

= 0.94) and pseudo-second order model (R2 = 0.998). The
adsorbent was treated with sulphuric acid as reported by Emadi
& Zare [72]. The highest removal of basic fuchsin dye achieved
when use 100 mg of dye/1g of adsorbent and obeyed the Langmuir
model. The physical properties [yield = 49.3%, moisture
(4.86%), ash (30.04%) and volatile matter (15.7%) of HCl
treated carbon (size = 100 meshes] were studied [73]. The maxi-
mum adsorption capacity of lead was 0.567 mg/g in car battery
wastewater under specific conditions (carbonization time = 150
min, carbonization temperature = 500 ºC). The rice hull based
activated carbon was produced via carbonization (in muffle
furnace, 400 ºC, 60 min) and activation (NaOH), 70 ºC, 24 h)
process [74]. The results showed that removal of aluminium
and iron ions was increased, reached maximum after 3 h. The
highest adsorption capacity of aluminium and iron ion was
observed to be 34.48 mg/g and 45.45 mg/g, respectively as
indicated in Langmuir model (R2 = 0.98). The adsorption free
energy was found to be 8-13 kJ/mol in both metal ions as
highlighted in the Dubinin-Radushkevich model, indicating the
chemisorption process. Generally, the physical and chemical
adsorption took place when the adsorption free energy was
less than 8 kJ/mol and 8-16 kJ/mol.

Hazelnut based activated carbon: The hazelnut based
activated carbon was produced via carbonization (500 ºC for 2 h)
and activation (phosphoric acid) process [75]. Based on the
Langmuir model (R2 = 0.963-0.9914), maximum adsorption
capacity of reactive red 2 dye increased (12.2 mg/g to 136.98
mg/g) when the temperature was increased from 283 K to 318 K.
The obtained zinc chloride treated carbon showed the surface
area about 1092 m2/g [76]. The maximum adsorption capacity
of copper and lead was 6.645 and 13.05 mg/g, respectively
according to Langmuir model. Other heavy metal ions such
as aluminum (7.75 mg/g), chromium (7.36 mg/g), iron (5.47
mg/g), arsenic (7.39 mg/g) and cadmium (4.55 mg/g) fitted well
with the Langmuir model [77]. The influence of pH on the adsor-
ption behaviour was studied by Veselin et al. [78] Lower adsor-
ption of methylene blue in the acidic conditions due to the
neutralization of hydroxyl group (from surface of adsorbent)
with H+ ion (from HCl solution during pH adjustment). The

highest percentage of removal of dye reached 97% at pH =
5.3.

Coffee based activated carbon: The physical properties
of the activated carbon strongly depended on the preparation
conditions. The coffee residues were dried in convection oven,
24 h at 60 ºC [79] and indicated unique characteristics (surface
area = 187 m2/g, total pore volume = 8.94 m3/g and average
pore diameter = 24 nm). The highest correlation coefficiency
value in Langmuir model (R2 = 0.9887), with the maximum
adsorption capacity of methylene blue was 4.68 mg/g. Nakamura
et al. [80] reported the surface area (0.17 to 61.71 m2/g) and
pore volume (0.001 to 0.041 mL/g) increased when the carbon-
ization temperature was increased from 800 to 1200 ºC. It was
concluded that the adsorption of acid orange 7 was controlled
by intraparticle diffusion process. The equilibrium amount of
dye (acid orange 7) adsorbed onto adsorbent was found to be
1.01 mg/L, 3.12 mg/L, 6.02 and 3.09 mg/L, 13.38 mg/L, 14.51
mg/L, when the concentration of dye was 100 and 500 mg/L,
respectively, the carbonization temperature increased from 800
to 1200 ºC. Block et al. [81] described that higher carbon content
(70.3% to 82.4%) could be observed after pyrolysis process if
compared to raw material (56.9%). In thermogravimetric anal-
ysis, the evaporation of water occurred at 100 ºC, decomposition
of cellulose, hemicellulose and lignin happened at 200-450
ºC and decomposition of the carbon at 1000 ºC. The results
confirmed that non-pyrolyzed raw material adsorbed nearly
no methyl orange dye, while material pyrolyzed only removed
below 20% of dye. On the other hand, higher metal removal
(copper and chromium ions) was observed in treated coffee
residue based carbon. The kinetic constant values for the
removal of copper ion were found to be 0.032 and 0.037 min-1

in untreated and treated activated carbon, respective based
on the pseudo-first order isotherm (R2 = 0.995-0.998) [82].
The maximum adsorption capacity of chromium ions was
38.68 mg/g and 43.75 mg/g in untreated and treated activated
carbon, respectively based on the Langmuir model (R2 = 0.995).
The influence of agitation rate was studied and the optimum
speed should be 140 rpm. In case of chromium and copper
ions, it is difficult to find active sites at low speed (60-80 rpm).
High portions of mesoporous structure could be produced by
using zinc chloride and KOH, carbonized in nitrogen atmosphere
and activated with carbon dioxide conditions [83]. Maximum
porosity could be seen when the impregnation ratio was incre-
ased due to release of tars from crosslinked framework. The
highest surface area could be observed because of the potassium
intercalated to carbon matrix, widened the space between carbon
atomic layers. Removal of mercury ions reached 0.002 to 0.38
mmol/g, the carbon (surface area = 1058 m2/g, mesoporous
volume = 0.34 cm3/g and total pore volume = 1.23 cm3/g).

Palm shell based activated carbon: The palm shell was
crushed (powder size = 710 µm) then dried for 240 min at 110
ºC [84]. Removal of rhodamine 6G achieved equilibrium in 2 h,
could be considered as chemisorption process (pseudo-second
order model). The maximum adsorption capacity reached 19.65
mg/g based on the Langmuir model (R2 = 0.981). Negative
value in free energy represented adsorption was spontaneous
in nature. The surface area and micro porosity structure were
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observed to be 1058 m2/g and 721 m2/g, respectively when the
activating agent was zinc chloride [85] and under specific carbon-
ization conditions (550 °C for 60 min). The highest uptake of
methylene blue dye was 225.3 mg/g in specific conditions (raw
material: ZnCl2 ratio was 1:1, carbonization temperature = 550
ºC). Mook et al. [86] highlighted the removal of reactive black
5 dye was favourable by using Freundlich model (R2 = 0.996)
when the pH was 2, however, obeyed Langmuir model at higher
pH such as pH 6 (qm = 23.6 mg/g) and pH 10 (qm = 24.86 mg/g).
The adsorption process was endothermic with low activation
energy (12.6 kJ/mol) and the adsorption kinetic followed pseudo-
first order model. On the other hand, removal of various types
of heavy metals reached equilibrium within 2 h [87]. The percen-
tage of removal and the rate constant values (pseudo-second
order) of Cr6+, Pb2+, Cd2+ and Zn2+ ions were 98.92%, 99.01%,
84.23%, 83.45% and 1.2 × 10-5, 3 × 10-5, 1.2 × 10-5, 2.4 × 10-5

mg/min, respectively. Shaukat et al. [88] reported that the moisture
content, volatile content and ash content were reduced after
carbonization process (rotary kiln, 10 min, 800 ºC). The HCl-
NaOH treated activated carbon showed the lowest ash (4.5%),
moisture content (6.5%), but the highest surface area (149.6
m2/g) indicating strong adsorbent properties and well devel-
oped porosity. Removal of nickel and copper ions followed
Freundlich model and pseudo-second order isotherm, respe-
ctively. The highest removal of copper and nickel was observed
to be 97.3% (120 min) and 96.7% 210 min), respectively. The
crushed palm kernel shells were carbonized in the cylindrical
vertical furnace (700 ºC for 2 h, nitrogen gas flow rate = 0.5
L/min), impregnated with KOH (impregnation ratio = 4:1) as
reported by Saber et al. [89].

Walnut based activated carbon: Synthesis of activated
carbon through chemical activation process (zinc chloride) was
done at 900 ºC. The X-ray diffraction (XRD) studies revealed the
amorphous phase and crystalline phase due to the lignin and
cellulose, respectively. The Qsat increased from 281.45 mg/g
to 442.556 mg/g when the temperature was increased from 298
K to 318 K. The measurement of adsorption energies revealed
that during the endothermic process, the physical interaction
was accounted for the removal of Congo red. The zeta potential
was -13.47 mV when the pH was 7 indicating the presence of
acidic groups in adsorbent [90]. The powdered form (200-350
µm) of NaOH treated activated carbon was prepared and showed
unique characteristics (surface area = 2.505 m2/g, average pore
diameter = 13.094 nm, pore volume = 0.0082 cm3/g) [91].
Based on the SEM analysis, a hollow, high porosity and hard
surface could be observed before the adsorption, however,
accumulated the spherical shape could be found after methylene
blue dye adsorbed on the surface of adsorbent. The removal of
methylene blue dye increased when the agitation speed was
increased until 200 rpm due to kinetic energy of the activated
carbon and methylene blue dye was increased. Motahare et al.
[92] used the same activating agent as well. These NaOH-treated
carbons showed surface area, total pore volume, mean pore
diameter and micropore volume of 2.095 m2/g, 0.0171 cm3/g,
32.64 nm and 0.48 cm3/g, respectively. The opitimum conditions
were pH = 7, contact time = 13 min, room temperature, adsor-
bent dose = 0.8 g/L. Based on the Langmuir model, maximum

adsorption capacity was 146.4 mg/g and 123.2 mg/g for brilliant
green and crystal violet, respectively.

Tarap based activated carbon: Tarap based activated
carbon (355 µm = diameter) was prepared by Dahri et al. [93].
According to the kinetic parameters, the chemisorption and
electrostatic interaction could play important role in the adsor-
ption. The point of zero charge was found to be 4.20, indicating
that at lower pH value, more positive charge could be observed
in the surface of adsorbent because of the protonation of the
functional groups. The positive value in enthalpy (5.1 kJ/mol)
and entropy (30.5 J/mol K) represented endothermic and incre-
ased in randomness in the adsorption process. However, the
negative value in free energy (-4 to -5.2 kJ/mol) represented
adsorption process became more favourable at higher temper-
ature (298 K to 343 K). Langmuir model showed the highest
R2 value (R2 = 0.987) with maximum adsorption capacity of
crystal violet (qm = 217.03 mg/g) if compared to Freundlich
model (R2 = 0.981) and Tempkin model (R2 = 0.952). In the
regeneration study, this adsorbent maintains adsorption of dyes
even after five adsorption cycles.

Sago based activated carbon: Sago waste based activated
carbon was prepared through the chemical activation (sulphuric
acid and ammonium persulfate), grounded and sieved (125-
250 µm). Physical properties such as yield (78%), ash (12%),
density (0.75 g/mL), pore volume (0.67 mL/g), porosity (80%)
and BET surface area (625 m2/g) were reported. Several groups
(carboxyl, carbonyl, phenolic and lactonic) could be observed
in the obtained carbons. It was observed that copper(II) ions
adsorption [94] was 15.3, 20.08, 25.78 and 30.79 mg/g when
the concentration was found to be 20,30, 40 and 50 mg/L,
respectively at equilibrium time. The equilibrium parameter
was observed less than 1 (0.043 to 0.31), indicating the favour-
able adsorption process based on the Langmuir model. On the
other hand, the SEM and FTIR spectra showed the cave opening
on the surface of the adsorbent and the presence of starch and
cellulose moieties in the sample [95]. Removal of Alizarine red
S dye increased when the agitation speed was increased (from
50 to 250 rpm) due to reduce in boundary layer thickness around
the activated carbon. The adsorption process was favourable
as indicated in Langmuir model (R2 = 0.98). The negative value
of free energy (-8.2159), enthalpy (-8.15) and entropy (-0.0554)
represented the spontaneous, exothermic and reduced in random-
ness at the solid/solution interface. Zainab et al. [96] proposed
that preparation of activated carbon via microwave pyrolysis
and chemical activation process (NaOH) showed the unique
properties (surface area = 471.1 m2/g, average pore size = 36.29
µm). Removal of lead (89.8%), chromium (47%) and zinc
(18.4%) was reported under optimized experimental conditions
(adsorbent dose = 1 g/50 mL, contact time = 24 h, mixing
speed = 150 rpm, initial concentration = 5 mg/L).

Rubber based activated carbon: The rubber leave and
rubber seed could be used to produce activated carbon. Mono-
layer adsorption capacity of basic blue 3 was observed to be
227.27 mg/g, at 30 ºC onto rubber seed coat based activated
carbon [97]. The adsorption data supported Freundlich model
and pseudo-second order kinetic model. Linh et al. [98] reported
that higher temperature (< 60 ºC), small particle size such as
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45-63 µm (due to free from the mass transfer effect) and high
pH value (< pH 5) were required to remove malachite green
dye from aqueous solution. The adsorption data fitted well with
Langmuir isotherm (R2 = 0.99) with the maximum adsorption
capacity of 27.4 mg/g. Removal of various concentrations of
lead ions on to rubber leave based activated carbon [99] was
well-esblished. The experimental results confirmed 20 mg/L
lead solution reached equilibrium easily due to sufficient adsor-
ption sites if compared to 50 mg/L. The adsorption data obeyed
pseudo-second order kinetic (R2 = 0.998) and Freundlich model
(R2 = 0.996). The negative value of entropy (112.18 J/mol K),
free energy (-4.41 to -6.63 kJ/mol) and enthalpy (-40.44 kJ/
mol) could be observed based on the thermodynamic studies.

Rambutan based activated carbon: Rambutan based
activated carbon has been prepared under the specific conditions.
Malachite green dye adsorption uptake was observed to be
increased when the contact time, initial concentration and
solution temperature were increased [100]. The highest correl-
ation coefficiency was observed in the pseudo-second order
kinetic model and Freundlich model. The optimization studies
on the adsorption of malachite green were carried out by Syahidah
et al. [101]. Percentage of yield was 22.56% and removal of
dye reached 91.45% under specific conditions (activation
temperature = 802 ºC, activation time = 60 min, impregnation
ratio of KOH:charcoal = 2.4). Thermodynamic studies revealed
negative value of free energy (spontaneous process) and positive
value of enthalpy (endothermic process). Adsorption kinetic
data supported pseudo-second order model and the mechanism
of adsorption was controlled by intraparticle diffusion. Rambutan
peel was used to synthesize activated carbon under KOH and
carbon dioxide (CO2) gasification [102]. The best experimental
conditions (activation temperature = 789 ºC, activation time =
1.8 h, impregnation ratio = 3.5) results in the percentage of
removal of 18% and 78.38% of remazol brilliant blue R reactive
dyes. Similarly, Tarigan et al. [103]  used Rambutan rod based
carbon for the remove copper ions. Based on AAS analysis,
43456 ppm of copper was adsorbed within 120 min. Rinadi et
al. [104] reported that delignification is an important step to
remove heavy metal ion effectively. FTIR and SEM analysis
showed the loss of lignin (disappeared peaks at 1716.81 and
1216.6 cm-1) and more porous in the adsorbent, respectively.
Adsorption capacity was 64.015 mg/g for nickel(II) ion and
obeyed Freundlich model.

Cempedak based activated carbon: Cempedak based
activated carbon could be used to remove acid blue 25, methylene
blue and brilliant green dyes effectively. The preparation of
activated carbon through chemical activation (phosphoric acid),
under heating process [105]. When the activated carbons were
calcined at 450 ºC, water content was 7.1% and the adsorption
capacity of methylene blue dye was 98.88%. The XRD data
confirmed the obtained carbons were amorphous structure.
The experiments were carried out and showed maximum
adsorption capacity of brilliant green was 0.203 mmol/g based
on the Langmuir model [106]. FTIR spectra revealed some
functional groups such as OH, C=C, C=O an H-N get involved
during the adsorption process. The adsorption was endothermic
(enthalpy = 12 kJ) and obeyed the pseudo-second order kinetic

order. Khairud et al. [107] reported the adsorption of acid blue
25 dye was endothermic, showed the maximum adsorption capa-
city of 6.6 mg/g as indicated in the Langmuir model. Regene-
ration investigation confirmed this adsorbent could maintain
its adsorption capacity even after five adsorption cycles.

Mango based activated carbon: The mango pod, leave and
peel can be used to synthesize activated carbons. The adsorption
capacity of Cr(III) ions and iron(II) ions was 237.5 mg/g and
227.5 mg/g under the specific conditions (mango leave based
activated carbon dose = 100 mg/L, concentration of adsorbate
= 50 mg/L) [108]. The adsorption data followed the Freundlich
model (R2 = 0.928-0.976) and pseudo-second order kinetic
model (R2 = 0.999). Based on the thermodynamic studies, the
enthalpy, free energy and entropy value were found to be 22.86-
34.68 kJ/mol, -8.62 -13.32 J/mol K and 142.25 -3108.33 kJ/
mol, respectively. The orthophosphoric acid modified mango
pod was used to remove rhodamine B dye. During the experi-
ment, there are different techniques, namely the experimental
data (456.67 mg/g), artificial neural network (389.5 mg/g) and
adaptive neuro fuzzy inference systems (410.56 mg/g) were
used to study the adsorption capacity of dyes [109]. The mango
peel based activated carbon was synthesized in the presence of
nickel to improve regenerability and efficiency of the adsorbent
[110]. The obtained adsorbent successfully removes rhodamine
B (98%) and manganese ions (93%). According to regeneration
investigation, adsorption efficiency was 88.7% and 85.2% for
rhodamine B and Mn2+, respectively after the 5th adsorption
cycles. The Langmuir model and pseudo-second order model
can be employed to demonstrate the favourable adsorption of
these adsorbates.

Mangosteen based activated carbon: The field emission
scanning electron microscopy (FESEM) and FTIR analysis
demonstrated that methylene blue dye can be adsorbed onto
the mangosteen based activated carbon due to the electrostatic
interaction between cationic (methylene blue) and specific
surface function group of the adsorbent [111]. Removal of
dye achieved 99.7% under specific conditions (adsorbent dose
= 5 g/L, particle size = less than 75 µm, contact time = 10 min).
Ahmad & Alrozi [112] reported the synthesis of activated carbon
under KOH, through CO2 gasification process. The obtained
absorbent showed percentage of yield was 20.76% and removal
of remazol brilliant blue R dye (80.35%) under the optimized
experimental parameters (activation temperature = 828 ºC, activ-
ation time = 60 min, KOH impregnation ratio = 3). On the other
hand, the physical properties of obtained K2CO3 treated activated
carbon (average pore diameter = 1.82-2.71 nm, micropore
volume = 0.32-0.34 cm3/g, micropore area = 659-702 m2/g,
total pore volume = 0.43-0.75 cm3/g, specific surface area =
908-1106 m2/g and yield = 20.3-23.1%), based on the Langmuir
model, the highest adsorption capacity (qmax) of copper ions
was found to be 21.74 mg/g. Moreover, regeneration efficiency
was found about 93.1% and 83.4% for 2nd and 3rd adsorption
cycles, respectively [113].

Apricot stone based activated carbon: Production of
activated carbon through chemical activating gent (phosphoric
acid) under 500 ºC, 120 min in muffle furnace [114]. The
highest removal of aluminium and zinc were 92.86% (pH 6)
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and 93.88% (pH = 6.5), respectively at specific pH value. Based
on the thermodynamic parameter analysis, positive value of
entropy (95.6 to 182.9 J/mol K), positive value of enthalpy (24.1
to 50.698 kJ/mol) and negative value of free energy (-4.279 to
-7.16 kJ/mol) could be found, representing increasing random-
ness, endothermic and spontaneous process. Abbas [115] conc-
luded that the highest removal of lead and cobalt were 80.6 mg/g
(pH 8) and 25.22 mg/g (pH 9), respectively under different pH
values. The adsorption was exothermic process, fitted well with
Langmuir model and pseudo-second order model.

Sugarcane based activated carbon: Removal of lead,
nickel, iron, zinc and methylene blue dye strongly depended on
the optimum experimental conditions. The nitrogen adsorption
desorption isotherm has been investigated and showed type II
(sigmodal shape). Other physical properties (pore diameter =
57.285 Å, specific surface area = 0.734 m2/g and pore volume
= 0.000679 cm3/g) were reported [116]. The zero-point charge
was 4.69, indicating positively charged on the surface of
adsorbent when the pH was below 4.69. The highest adsorption
capacity of methylene blue dye reached 49.26 mg/g based on
the Langmuir model and the adsorption kinetic obeyed the
pseudo-second order kinetic model (R2 = 0.997 to 1). The thermo-
dynamic parameters indicated the exothermic process (enthalpy
= -31.062 kJ/mol), spontaneous (free energy = -1.83 to -6.8
kJ/mol) and reduced in molecular disorder (entropy = -0.084
kJ/mol K). Phosphoric acid was used during the chemical activ-
ation process [117]. Adsorption of heavy metal ions increased
with the contact time, then became stable. Because of many
active sites are available at the beginning of time, following
that these sites successfully connected to the heavy metal ions
after certain times. The highest percentage removal of Fe and Zn
was observed to be 78% and 85% within 120 min. Ezeonuegbu
et al. [118] reported the removal of nickel(II) ions (96.33%)
was higher if compared to lead(II) ions (8.3%) due to Ni(II)
ions showed higher affinity towards the activated carbon.

Bamboo based activated carbon: Bamboo has also been
employed in the construction sites and living facilities due to
very tough, strong and cheap materials. Various types of activ-
ating agents such as phosphoric acid, humic acid and trioxo-
nitrate(V) acid were used to prepare activated carbon. The fixed
carbon content increased (11.32%, 73.15% and 76.86%), how-
ever volatile matter decreased (70.12%, 16.21% and 10.64%)
in bamboo, bamboo charcoal and bamboo activated carbon
respectively. Low ash content is required to synthesize the most
active product. The presence of ash (calcium, iron, silica, alumina,
magnesium) will disturb the adsorption process due to competi-
tive adsorption and catalysis of adverse processes. At higher
temperature (carbonization and activation), the fixed carbon
content has been significantly changed due to volatile content
was decomposed. Santana et al. [119] reported that the synthesis
of activated carbon (surface area = 1354.42 m2/g) by using
phosphoric acid following that with the water steam (500 ºC,
60 min). The adsorption process reached equilibrium after 12 h.
The maximum adsorption capacity of methylene blue dye was
374.75 mg/g based on the Langmuir model (R2 = 0.968).
Removal of chromium ions onto bamboo bark based carbon
by using humic acid was reported by Zhang et al. [120].

Removal of Cr(VI) ions matched well with Freundlich model
(R2 > 0.99) and pseudo-second order kinetic model (R2 > 0.99).
The results confirmed the best removal of chromium ions when
the concentration of humic acid and the pH value were 10-20
mg/L and pH 2 to 9, respectively. Chan et al. [121] confirmed
the removal of acid dyes followed Freundlich and Langmuir
models. The experimental results indicated that the smaller
size (acid blue 25 dye) could be adsorbed easily onto the surface
of activated carbon if compared to bigger size (acid yellow
117 dye). Ademiluyi & Ujile [122] used trioxonitrate(V) acid
as activating agent to prepare activated carbon, which exhibited
the bulk density and ash content of 0.458 g/mL and 2.76%,
respectively. It was observed that the highest removal of iron
ion could be observed within 30 min with reduction of particle
size (> 150 µm). The highest adsorption capacity of iron(III)
ion achieved 166.7 mg/g according to Langmuir model (R2 =
0.994). Bamboo stem [123] was used to synthesize activated
carbon by using phosphorus acid (activating agent). The fixed
carbon, volatile content and moisture content were 62.45%, 24.4%
and 7.6%, respectively. The experimental findings confirmed
that the equilibrium adsorption was achieved at 1 h when the
concentration of lead ion was 30 mg/L (96.07%) and 2 h for
60 mg/L (90.2%) and 90 mg/L (85.16%). Removal of lead(II) ion
was favourable and obeyed the Freundlich model (R2 = 0.935).

Moringa oleifera based activated carbon: Several parts
such as pods, leave, seed, wood, bark and husks were used to
prepare the activated carbon at specific conditions. McConnachie
et al. [124] proposed that the best conditions for preparation
of activated carbon from pods and husks (surface area = 713
m2/g) were 650 ºC, 30 min and 800 ºC, 30 min, respectively.
Removal of methylene blue reached equilibrium within 90
min, could be classified as physical adsorption and exothermic
process [125] when the leave was used as starting material (under
NaOH activation). The best experimental conditions were pH
= 7 and adsorbent dosage = 1.67 g/L. Reck et al. [126] reported
the removal of tartrazine (yellow dyes) from moringa seeds
(raw material). Removal of dye reached 95%, achieved the
highest capacity of 91.27 mg/g, when the temperature was 15
ºC. The adsorption process was endothermic, matched well
with the Freundlich model, pseudo-first order model. Matouq
et al. [127] studied the adsorption of various types of heavy
metal ions e.g. nickel (Temkin, Dubinin-Radushkevich), copper
(Freundlich, Temkin model) and chromium (Langmuir model)
from wastewater by using different isotherms. The adsorption
capacity was found to be 6.07 mg/g, 5.53 mg/g and 5.497 mg/g
for copper, nickel and chromium, respectively by using moringa
pods. The surface area (439.23 m2/g) and pore volume (0.189
cm3/g) were investigated [128] in bark based activated carbon
(activation agent = zinc chloride and sulfuric acid, 700 ºC for
1 h). The pores have been successfully filled-up by heavy metal
ions after completed adsorption process as indicated by the
FESEM analysis. The experimental findings confirmed the high-
est removal capacities of copper and cadmium ions, estimated
to be 20.43 mg/g and 17.01 mg/g, respectively as stated in
Langmuir model. The adsorption kinetic data perfectly matched
with pseudo-second order model (R2 = 1 for copper, R2 = for
cadmium). Zawani et al. [129] reported the synthesis of activated
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carbon from moringa wood, impregnated with phosphoric acid,
at 673 K for 60 min. The maximum removal of nickel(II) ions
(8.043 mg/g) in the specific conditions such as adsorbent dosage
= 0.1 g, contact time = 120 min, concentration of iron = 10 mg/L.

Maize cob based activated carbon: The maize cob based
activated carbon can be used to adsorb acrylic blue G, safranin
basic dye, methylene blue and lead(II) ions. The maize cob
has been used to produce activated carbon in the presence of
phosphoric acid, under 500 ºC for 2 h [130]. The best conditions
for the removal of acrylic blue-5G dye such as pH of dye = 8
to 10, adsorbent dosage = 0.1 g, stirring rate = 20 rpm. The
corncob based activated carbons were prepared under various
activation temperatures [131]. Surface area (700 to 600 m2/g)
and micro pore volume (0.011 to 0.003 cm3/g) decreased with
increasing the temperature from 400 to 600 ºC. While, the point
of zero charge and the iodine number values were found in the
range of 5.7-7.4 and 485-945 mg/g, respectively. Adsorption
of methylene blue obeyed the Langmuir model when at 400 ºC
(qm = 28.65 mg/g) and 500 ºC (qm = 17.57 mg/g). Choi & Yu
[132] reported that the methylene blue dye could be removed
by using 10 g/L of activated carbon, if the concentration less
than 0.005 g/L. Also, the highest adsorption capacity reached
417.1 mg/g based on the experimental results. While, Preethi
et al. [133] also utilized maize cob based activated carbon for
the removal of safranin basic dye by  increasing the tempera-
ture, varying adsorbent dosage and smaller mesh size. The
adsorption kinetic data supported the first order reaction,
Langmuir and Freundlich models. The results revealed the best
adsorption when the pH was in the range from pH 5 to pH 9.
Thermodynamic studies showed endothermic process and the
enthalpy value was 35.6 kJ/mol. Characteristic of the obtained
carbons including moisture content, pH, density, particle size
and surface area were observed to be 0.3%, pH 6.9, 0.52 g/mL,
100-300 mm and 250 m2/g [134]. Removal of lead(II) ions
was fitted well with the Langmuir isotherm due to the highest
correlation efficiency (r2 = 0.997) with the maximum adsor-
ption capacity of 37.3 mg/g.

Pineapple based activated carbon: Several types of parts
such as leaf, stem, crown, peel and pine apple wastes were used
to prepare activated carbon under carbonization and activation
process. The zinc chloride was used and the pyrolysis process
was carried out at 500 ºC for 60 min [135]. The activated carbon
showed the highest surface area (914.67 m2/g) when the impre-
gnation ratio was 1:1. The adsorption data supported Langmuir
model (R2 = 0.969) and showed maximum uptake of methylene
blue about 288.34 mg/mL. The obtained carbon consisted of
more oxygen containing functional group, micropores and meso-
porous porosities when the starting material was pine apple
crown leaf (activating agent was KOH) via microwave heating
[136]. The adsorption capacity of methyl violet dye, which
fitted well with the Redlich-Peterson model. Moreover, Noor
& Nagendran [137] employed pine apple crown as raw material
(under different activating agents). Percentage adsorption of
methylene blue and malachite green dyes was observed to be
99.48% and 98.94% in H3PO4 treated carbon and 98.8% and
98.17%, respectively in NaOH treated carbon. Chan et al. [138]
explained that the obtained pine apple stem based activated

carbon showed the higher affinity on cationic (basic blue 3) as
compared to anionic (Congo red) dye. Removal of basic blue
3 and Congo red dyes matched with Freundlich, Langmuir
and Temin models because of the highest correlation coeffi-
ciency value, where R2 = 0.998, 0.999 and 0.996, respectively.
Moreover, the experimental results exhibited the best adsor-
ption capacities for basic Blue 3 and Congo red dyes were
observed to be 58.98 and 11.966 mg/g, respectively. The adsor-
ption kinetic data supported pseudo-second order model and
exothermic process [139]. Similarly, Weng et al. [140] reported
that Freundlich model could be used to represent safranin-O
cationic dye adsorption process (R2 = 0.985), if compared to
Langmuir model (R2 = 0.9593). The highest adsorption capa-
cities were 21.7 mg/g in the acidic conditions. The adsorption
data fitted well with pseudo-second order model and Langmuir
model. Rate of adsorption was increased with reducing the
dye concentration (methylene blue) and ionic strength. The
adsorption was spontaneous, exothermic, favourable at higher
pH and lower temperature. The obtained results showed the
highest adsorption capacities of methylene blue dye onto pine
apple leaf powder based activated carbon could be observed
(4.68 × 10-4 to 9.28 × 10-4 mol/g) with increasing the pH value
(from 3.5 to 9.5). On the other hand, Rahmat et al. [141] reported
the Langmuir model (R2 = 0.9945) represented the removal of
remazol brilliant blue R dye onto the pine apple leaf powder
based activated carbon and the maximum mono-layer adsor-
ption capacity reached 9.58 mg/g. The best adsorption capacity
of crystal violet on to leaf powder carbon was observed to be
158.7 mg/g in specific conditions (pH = 8, particle size less
than 150 µm, adsorbent dosage = 50 mg, temperature = 30 ºC,
agitation speed = 200 rpm) as reported by Shuvee et al.  [142].

Banana based activated carbon: Activated carbon was
produced in different conditions such as open air, nitrogen
and steam conditions. It is observed that the surface area and
percentage of yield can be tailored by controlling the activation
conditions [143]. The highest surface area (204.23 m2/g) and
yield (44.88%) could be observed in open air condition because
of high ash content. The minimum yield (25.3%) and surface
area (106.09 m2/g) could be seen in nitrogen gas and water steam
conditions. The removal of arsenic(III) ions was spontaneous
process, followed Langmuir model (Qm = 142.86 mg/g) and
pseudo-second order isotherm (Qe = 18.52 mg/g, rate constant
= 0.0111 g/(mg min). The banana peel was employed as starting
material and showed several minerals (calcium = 56.4 mg/g),
iron = 0.92 mg/g, manganese = 69.05 mg/g, niobium = 0.02
mg/g, potassium = 87.35 mg/g, rubidium = 2.51 mg/g, sodium
= 22.5 mg/g, strontium = 0.02 mg and zirconium = 0.03 mg/g)
[144]. The experiment results showed the faster removal of both
dyes during the first 1 h (due to higher driving force from activated
carbon), then increased slowly until 120 min for methylene
blue (qt = 105 mg/g) and 100 min for malachite green (qt =
100 mg/g). Finally, reached equilibrium at 140 min for both
studied dyes. Mondal & Kar et al. [145] explained the adsor-
ption process was exothermic, spontaneous and adsorption
capacity of Congo red dye reached 1.727 mg/g. The adsorption
data supported Langmuir model and pseudo-second order
kinetic isotherm.
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Watermelon based activated carbon: Watermelon based
activated carbon was produce to adsorb lead, iron copper, zinc,
methylene blue, crystal violet, remazol brilliant blue reactive
and rhodamine B dyes. The influence of carbonization temper-
ature (200 to 350 ºC) on the ash (18.6-28.6%), volatile content
(34-20.4%), fixed carbon (47.4-50.8) and yield (50-33%) was
highlighted. The activated carbon treated with H2SO4 showed
the best results if compared to zinc chloride and HCl. The
results indicated 100% of lead(II), 90.6% of iron(III) and
99.1% of copper(II) were successfully removed by using 1 M
H2SO4 [146]. The SEM analysis revealed watermelon rind has
porous surface and consisted of inorganic and organic compo-
nents. The highest removal of zinc(II), iron(III) and lead(II)
ions was found to be 80%, 77% and 67%, respectively in actual
domestic wastewater [147]. Lakshmipathy & Sarada [148]
reported the loading capacity for methylene blue (489.8 mg/g),
crystal violet (104.76 mg/g) and rhodamine B (86.6 mg/g) dyes.
Thermodynamic studies revealed that the adsorption was exo-
thermic, reduced in the randomness of solid-liquid interface,
spontaneous for methylene blue and crystal violet dyes. The
adsorption of remazol brilliant blue reactive dye onto activated
carbon (surface area = 776.65 m2/g, pore volume = 0.438 cm3/g),
fitted well with Freundlich model and pseudo-second order
model [149]. The adsorption process was found to be spontan-
eous, endothermic and obeyed physical adsorption process
(Dubinin-Radushkevich model).

Pomelo based activated carbon: Pomelo based activated
carbon was prepared by using carbonization and KOH activation
process, showed microporous, higher BET surface area (2504
m2/g) and higher total pore volume (1.185 cm3/g) [150]. The
adsorption followed Langmuir model with the maximum adsor-
ption of acid red 88 was 1486 mg/g. When the pomelo skin
was used as precursor, the adsorption data showed Langmuir
model, indicating monolayer adsorption for acid blue (444.45
mg/g) and methylene blue (501.1 mg/g) dyes onto the NaOH
treated carbon [151]. Zheng et al. [152] reported that improve-
ment of surface area (1.3 to 4.0845 m2/g) through hydrothermal
treatment. The adsorption capacity of Congo red dye was found
to be 85 mg/g and 64 mg/g at 303 K and 323 K respectively,
indicating the restrain hydrogen bonding between the funct-
ional groups within the dye compound. In acidic conditions,
higher removal of dyes could be observed due to the dye comp-
ounds can attach with carboxyl groups of the activated carbon.
The highest adsorption capacity was 144.93 mg/g, fitted well
with Langmuir model and exothermic process. The prepared
activated carbon (size = 75-180 µm) through carbonization (stove,
nitrogen, 120 min, 550 ºC) and activation (K2CO3) process [153].
Surface area, micropore volume and total volume were 1213
m2/g, 0.42 and 0.57, respectively. The results confirmed that
when the activation time was increased, more new pores will
be created, resulted in increased pore volume and surface area.
However, at longer activation time, some produced pores could
be destroyed. It was observed that the low impregnation ratio,
resulted in inadequate contact between the activated carbon
and activating agent. However, when the impregnation ratio was
increased, enlarging pore volume and pore size because of suffi-
cient contact was successfully improved. The adsorption kinetic

data supported pseudo-second order model (R2 = 0.9985) if
compared to other models, indicating the chemisorption process.
The highest adsorption capacities of copper ions were 151.35
mg/g based on the Langmuir model (R2 = 0.99). The effect of
pH revealed that removal of copper(II) ion increased from
34.11 mg/g (pH 2) to 139.08 mg/g (pH 5). However, adsorption
reduced when the pH beyond 5, indicating precipitation of
metal hydroxide, resulted interfere with the adsorption process.

Grape based activated carbon: Several parts of grape
such as seed, stalk and leave could be used to prepare activated
carbon. The grape seed based activated carbon was produced
via various activation agents. Under the specific conditions
(100 mg/L adsorbate and 0.1 g activated carbon), the adsorption
of nylosan red was 98%, 90.5% and 88.3% for KOH, H3PO4

and CaCl2, respectively [154]. Davarnejad et al. [155] used
grape stalk based activated carbon for the adsorption of methy-
lene blue dye adsorption. The correlation coefficient (R2) values
was also reported e.g. Langmuir (R2 = 0.99), Freundlich (R2 =
0.615), Temkin (R2 = 0.974) and Dubinin-Radushkevitch model
(R2 = 0.66). It was observed that the adsorption process was
mono-layer and homogeneous, with the highest adsorption
capacity (5.084 mg/g). On the other hand, Mousavi et al. [156]
reported the grape leave based activated carbon was prepared
in electric furnace, 120 min, 500 ºC under nitrogen atmosphere.
The methylene blue dye removal percentage increased when
the pH was increased from pH 3 to pH 11, indicating reduce
in the electrostatic repulsion force between methylene blue
and activated carbon. Higher correlation coefficient could be
found in the Langmuir model (R2 = 0.8894) with the highest
adsorption capacity (0.2 mg/L) as compared to Freundlich model
(R2 = 0.58). Similarly, removal of heavy metal ions has also
been reported by several researchers. Chand et al. [157] reported
that the highest adsorption capacity of chromium(VI) ions was
1.91 mol/kg at pH 4 and followed the Langmuir model. Miralles
et al. [158] also reported that Langmuir maximum removal of
cadmium(II), lead(II), nickel(II) and copper(II) was 0.248,
0.241, 0.181 and 0.159 mmol/g, respectively.

Lemon based activated carbon: The precursors soaked
in phosphoric acid, then carbonized in muffle furnace for 60
min, 500 ºC under nitrogen atmosphere as suggested by Sayed
et al. [159]. Higher surface area (1158 m2/g), higher percentage
of yield (52.1%) and small amount of total ash (1.49%) was
obtained. The highest correlation coefficient was observed in
pseudo-second order model indicated the chemisorption process.
Moreover, the intraparticle rate constant for malachite green
dye and lead(II) ions was found to be 0.427 and 0.116 mg g-1

min-1/2. When H2SO4 was used [160], an increased in the adsor-
ption capacity of acid red 88 dye (16.91 to 25 mg/g) was
observed when the adsorbent dose was increased (0.05 g to
0.25g). Based on the experimental results, the best conditions
were temperature = 303 K, time = 40 min, pH = 2 and the dye
concentration = 100 mg/L. Tejada-Tovar et al. [161] also
reported the highest removal (62.1337%) of nickel(II) ion by
using 0.355 mm (adsorbent size) as compared to other sizes.
Based on response surface methodology (RSM), the best adsor-
ption conditions could be found when adsorbent dose was 0.0783
g at 44.99 ºC. The thermodynamic parameters confirmed the
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adsorption process was exothermic and non-spontaneous. Using
lemon based activated carbon. Bukhari et al. [162] reported the
monolayer adsorption capacity of eosin (anionic dye) 8.24
mg/g based on the Langmuir model. The adsorption was exoth-
ermic process and the kinetic data supported the chemisorption
process.

Pomegranate based activated carbon: The pomegranate
peel was dried, cleaned and crushed (150-300 µm) during the
preparation process. Removal of copper(II), nickel(II), zinc(II)
and cadmium(II) ions was found to be 0.074, 0.068, 0.073 and
0.075 mmol/g, respectively under the specific conditions (pH
= 4.5, amount of adsorbent = 0.5 g). Thermodynamic studies
revealed the positive value of entropy (0.1138 kJ/mol K) and
enthalpy (25.84 kJ/mol), but the negative value of free energy
(-7.51 to -9.64 kJ/mol) for the removal of copper(II) ion.
Desorption studies indicated 79.5% of copper ions can be reco-
vered by using 0.1 N HCl solution for desorption process [163].
The adsorption of chromium(VI) ions was carried out in the
H2SO4 treated activated carbon [164]. Based on Langmuir model,
the highest adsorption capacity of chromium(VI) ion was 35.2
mg/g. The intraparticle diffusion rate constants increased (0.15,
0.269, 0.421 to 0.45 mg g-1 min-1/2) with increasing the direct
red 28 dye concentration, indicating the adsorption rate was
monitoring by the diffusion of dye within the adsorbent [165].

Date stones based activated carbon: Tunisian date stone
based activated carbon was prepared under chemical activation
(phosphoric acid), via specific pyrolysis temperature (450 ºC)
and time (120 min) [166]. The surface area, total pore volume,
average pore diameter, pHzpc, particle size and carbon content
were found to be 826 m2/g, 0.46 cm3/g, 2.25 nm, pH = 3.34,
100-160 and 91.3%, respectively. As observed from the SEM
results, acid treated activated carbon showed very clear porous
morphology as compared to raw date stones. In acidic conditions,
low adsorption values due to competition between Pb2+ ions
and H+ ions for the adsorption process. In this experiment,
adsorption of lead(II) ions increased from pH 3 to pH 6, reached
maximum, then drops (pH 6 to pH 8) because of the formation
of hydroxyl complexes. Thermodynamic studies revealed
positive value of entropy (22.13 kcal/mol) and enthalpy (1.95
kcal/mol), indicating increase in the randomness and the adsor-
ption was endothermic process. Ouahiba & Ahmed [167]
described the synthesis of activated carbon from different types
of date stone, e.g. Meh Degla and Ghares by using phosphoric
acid (activating agent), under 600 ºC in air atmosphere. The
Meh Degla date stone based activated carbon exhibited high
total pore volume (0.52 cm3/g), high surface area (1060 m2/g)
as compared to Ghares date stone based activated carbon (765
m2/g, 0.36 cm3/g). Based on the Dubinin-Radushkevich model,
the adsorption was physisorption, indicating the attraction of
adsorbate to adsorbent by dispersion forces.

Durian based activated carbon: Durian peel, shell and
seed were used to produce activated carbon under different
conditions. Good quality durian peel based activated carbon
was produced through chemical activation (H3PO4) and physical
activation process (using nitrogen to develop pore formation).
Phurada [168] reported the maximum removal of chromium
ions at pH 2 and 30 min. The highest correlation coefficient

value (R2 = 0.999 and R2 = 0.979) were found in pseudo-second
order kinetic and Langmuir models (maximum adsorption
capacity was 10.67 mg/g), respectively. Erny et al. [169] reported
a well developed uniform pores could be observed by using
durian shell, under chemical activation (0.6 M H2O2) at 700 ºC
for 30 min. It could be observed that 99% of methylene blue
dye was removed.

Olive stone based activated carbon: Activated carbon
could be prepared by using different types of olive stones. The
results showed adsorption was exothermic, spontaneous and
obey Freundlich model (R2 = 98%). It was observed that the
highest nitrogen, hydrogen and carbon could be detected in
black olive stones [170]. However, when the green olive stone
was precursor, carbon showed higher entropy value and higher
adsorption capacity of methylene blue dye (769 mg/g) could
be observed. Corral-Bobadilla et al. [171] applied KOH activated
adsorbent at 715 ºC for 120 min for the maximum elimination
of iron(III) ions (< 99%) in the optimized conditions. When
phosphoric acid was used under specific conditions (heated in
electric furnace at 380 ºC for 2.5 h) [172], the surface area,
average pore diameter, micropore volume and mesopore volume
were observed to be 1194 m2/g, 20.72 Å, 0.552 cm3/g and
0.009 cm3/g, respectively. The adsorption data obeyed Redlich-
Peterson model and the highest removal capacity in lead(II)
ion (147.5 mg/g) as compared to cadmium(II) (57.098 mg/g)
and copper(II) (17.665 mg/g). Because of the biggest ionic
radius could be observed in lead (1.19Å), followed by cadmium
(0.95Å) and copper (0.73 Å). Similarly, Souad et al. [173] also
synthesized olive stone based activated carbon via physical
process. In this, the adsorption process reached the maximum
equilibrium at 30 ºC and the adsorption parameters supported
Langmuir model with the maximum adsorption capacity of
rhodamine B (217 mg/g) and Congo red (167 mg/g) dyes.
The kinetic data followed simple intraparticle diffusion model.

Conclusion

The activated carbon has been produced by using different
precursors, via carbonization and activation processes. The
obtained carbon showed excellent surface area, high porosity
structure and could be used as adsorbent to remove heavy metal
ions and both anionic as well as cationic dyes successfully in
the specific experimental conditions. The results confirmed
that the activating agent could improve the adsorption capacity,
surface area, porosity and pore volume as well. In general,
activated carbon, which can be made from a wide variety of
sources, is more effective for removing metal ions/dyes when
it is evenly spread across the surface of a suitable support
material. In addition, the thermodynamic studies indicated that
the adsorption process is exothermic and spontaneous.
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