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ABSTRACT

This paper depicts the work done for the production and characterization of activated carbon (AC) from locally available
waste Acacia asak (Fabaceae) tree branches. Three types of AC; AAB-AC1, AAB-AC2 and AAB-AC3 produced utilizing;
single, two and three step processes using K,CO; as an activating agent. Characterization of Acacia asak tree branches
activated carbon (AAB-AC) carried out by proximate and detailed analysis including ash and moisture content, elemental
analysis, bulk density, volatile matter, hardness value, pH value, lodine number, BET surface area and pore volume. Results
show that AAB-AC having quality well comparable to the available commercial activated carbon (CAC). Highest BET surface
area was found to be 814.3 m%g. Higher hardness and low ash content of produced ACs making it suitable for liquid phase
continues flow and batch type separation processes. A simple cost analysis shows that the cost of produced ACs ranges from
$0.35 to $0.42/ kg, which is quite cheaper than the commercially available AC in the market. Produced AC applied to treat
synthetic wastewater containing methylene blue (MB) dye. At first the removal efficiency of AAB-AC less than the CAC
however, after one hour the removal efficiency of AAB-AC became comparable (98.5% for CAC and 96.5% for AAB-AC3).
Methylene blue (MB) dye uptake capacity also evaluated and found to be 237.5 mg MB/g AC and 240.7 mg MB/g AC for CAC
and AAB-AC3 respectively. Therefore, increasing requirement of AC in the country can be handled by utilizing locally
available waste branches of Acacia asak tree as precursor material and in turn improving the solid waste management
strategy. The three steps carbonization and activation process will produce AC of well comparable qualities.
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1.0 INTRODUCTION

Activated carbon (AC) is a microcrystalline
form of carbon with large surface area due to the
presence of very high porosity existing in the form of
macrospores, microspores and mesopores. Its large
surface area and physicochemical properties allows it
to preferentially adsorb organic materials and other
polar and non polar compounds from gas or liquid
streams (Chen et al.,, 2007). AC is a well-known
absorber used globally for the removal of several
organic contaminants (even in trace amounts) from
industrial, domestic and other wastewater effluents.
However, high cost of commercial AC limits the use of
this excellent adsorbent (Rao et al., 2006). Present day
environmental legislations and environmental control
strategies requires large quantities of AC with suitable
characteristics for each particular application. In
general, an AC which is used in any of the most

common applications must have adequate adsorptive
capacity, purity, mechanical strength and regeneration
capabilities. In addition to that, all these specifications
should coexist with a low production cost. Virtually,
AC can be produce with any carbonaceous material
containing cellulosic carbon and researchers used wide
range of material to get AC having high surface area
utilizing low cost precursor material (Ramirez et al.,
2017). However, production of AC required some
physical and chemical activation along with some
thermal treatment. AC production techniques are
proprietary and commercial in nature.

Activated carbon is obtained from a carefully
controlled process of dehydration, carbonization and
oxidation of organic substances (Ozsin et al.,, 2019).
However, in order to manage the huge demand of AC,
it should be produced by utilizing locally available low
cost raw materials and production techniques. The use
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of waste materials as low-cost adsorbents is a feasible
option due to their contribution in reduction of waste
disposal cost and pollution load on the environment
(Ramirez et al., 2017; Zhou et al., 2018; Sartova et al.,
2019).

Researchers utilized variety of materials for
AC production including Moringa oleifera seeds
(Warhurst et al., 1997), apricot (Erdogan et al., 2005),
corn cobs (Cao et al., 2006), date stones (Haimour and
Emeish, 2006), cherry stones (Olivares-Marin et al.,
2006), waste tea (Amarasinghe and Williams, 2007),
cotton stalk (El-Hendawy et al., 2008), olive stoves
(Kula et al., 2008), olive cake (Baccar et al., 2009),
bamboo (Liu et al., 2010), almond shells (Plaza et al.,
2010), giant reeds (Yue et al., 2010), coconut shell
(Cazetta et al., 2011), Acacia mangium (Danish et al.,
2013), date palm fronds (Ahmad et al., 2015), Acacia
etbaica (Gerbrekidan et al., 2015), olive stones (Yakout
and El Deen, 2016), wood waste (Ramirez et al., 2017),
waste tea (Zhou et al.,, 2018), winemaking wastes
(Alcaraz et al., 2018), chickpea waste (Ozsin et al.,
2019), cotton processing wastes (Sartova et al., 2019),
etc.

Although extensive research in the past
addressing the production and characterization of AC
from various carbonaceous materials however, there is
limited information available about the use of Acacia
asak tree branches (AAB) as a raw material. Production
of activated carbon from AAB provides two fold
benefits, acquiring a low cost AC from waste material
generated during pruning of trees and reduction in the
environmental pollution due to decay and disposal of
this material (Shivayogimath et al., 2014).

1.1 Production of Activated Carbon
Production of AC could be done utilizing
physical or chemical means. Conveniently, AC can be
produced in one or two steps, in two step process first
carbonization of precursor material performed in an
inert atmosphere (Chowdhary et al., 2013). This step
facilitates the formation of narrow or macropores.
Carbonization process reduce the volatile components,
produce char and increase the carbon content per unit
mass of material. Generally, carbonization temperature
used are 400°C to 800°C (Uner and Bayrak, 2018). In
the second step activation of carbon done either by
physical or chemical activation processes. This process
enhances the pores significantly in the material. In the
physical activation process the precursor material
activated with steam, carbon dioxide or nitrogen to
develop micro, meso and even nanopores (Lua and
Yang, 2005; Alayan et al, 2018). Classically,
activation temperature utilized is ranging from 800 to
1000 °C (Guo and Lua, 2000; Herawan et al., 2013).
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However, activation can be done at low temperature if
some activation agent is present (Alslaibi et al., 2013).

In the chemical activation process, a
carbonaceous material is imbued with activating agents
such as an acid) or a base. The porosity in the material
developed due to degradation and dehydration (Nor et
al., 2013). Chemical activation generally done at low
temperatures and shorter activation time than physical
activation. (Guo and Lua, 2000; Nor et al., 2013).
Therefore, process provides cost effective method for
AC production by utilizing less energy (Guo and Lua,
2000; Herawan et al., 2013). Generally, chemical
activation provides higher surface area and better yield
of carbon than a physical activation process (Danish
and Ahmad, 2018). Researchers utilized variety of
dehydrating agents, such as H3;POs (Kalderis et al.,
2008), ZnCl, (Moreno-Pirajan and Giraldo, 2010),
KOH (Romanso et al., 2011), H,SO4 (Jawad et al.,
2016) and Phytic acid, C¢Hi3024P6 (Cheng et al., 2016).
However, it is reported that high surface area obtained
while utilizing K»COj3 as an activating agent (Hayashi
et al., 2005; Sun et al., 2010). In a single step process
carbonization and activation done simultaneously in a
single step heating with an activation agent (Kalderis et
al., 2008).

In the recent past a three step process was
utilized to prepare AC from Cassra fistula (Golden
shower) in which hydrothermal carbonization process
followed by pyrolysis process to form biochar. In the
third step, obtained biochar was activated chemically
utilizing potassium carbonate, KoCO3 to produce AC
having better adsorption performance for cationic dye
than AC produced by single or two step processes
(Tran et al., 2017). Both carbonization and activation
steps are critical in defining the final physical and
chemical properties of AC (Katesa et al., 2013 ).
Studies shows that three step synthesis is more
effective approach for AC production (Wong et al.,
2018). Therefore, in the present study a three step
process along with single and two step process utilized
to compare the AC produced by three methods. KoCO3
is utilized as an activating agent due to its favorable
properties as a solvent, low degradation rates, low
corrosivity and reported to be an effective agent giving
high SBET surface area (Hayashi et al., 2000; Sun et
al., 2010; Okman et al., 2014).

Saudi Arabia possess a huge industrial setup
spread in Jubail, Yanbu, Dammam and some other
regions. These industries ranging from refining
petroleum products to manufacturing industrial to
domestic products along with large number of support
industrial sectors (JC, 2016). Until the end of the first
quarter of 2018, industrial units exceed to 7630 units
involve the total investment beyond SRI.1 trillion and
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country enjoy the revenue of about SR 116,609 million
in 2017 by exporting the products (SIDF, 2019). The
variety of industries utilizing huge quantities of AC to
meet their demand which is imported from outside the
country. As reported by Essa and colleagues that more
than 6.5 metric tonnes of AC was imported during 1995
to 2002 (Essa et al., 2004). The annual expenditure
exceeds $3.2 million for importing AC to meet the
growing demand (Saleem et al., 2017).

The most appropriate raw material to produce
AC is having least economical value and provide AC of
comparable quality as the commercially available AC.
Saudi Arabia is situated in a region possessing arid and
dry climate. However, it has more than 97 types of
trees among them more than 80% are available in
eastern, western and southwestern regions (Aref et al.,
2003). Acacia tree has highest population and having
more than 10 species including Acacia seyal, Acacia
mellifera, Acacia etbaica, Acacia origeua, Acacia asak
etc. (Aref et al., 2003). Most of the Acacia trees are
available in eastern region of Saudi Arabia and large
number of Acacia asak trees present in Dammam,
Jubail and surrounding areas grown naturally or planted
for greenery enhancement. AC produced from Acacia
tree found to be economically more feasible due to its
availability as a low cost precursor material, AC
obtained will have harder structure providing better
resistant to attrition (Gratuito et al., 2008; Danish et al.,
2013; Saleem et al., 2017). However, the Acacia asak
tree has not been used in the past as per the knowledge
of authors. Therefore, in the present work Acacia asak
tree branches (AAB) are utilized to produce AC due to
its abundant availability as a waste material during tree
pruning, trimming and cutting services and possibility
to have AC with good properties comparable to
available commercial AC in the market.

2.0 MATERIAL AND METHODS

The main objective of present study is to
produce AC utilizing abundantly available waste AAB.
Other objectives are 1) producing AAB-AC utilizing
potassium carbonate K,COj; as activating agent while
using three processes a) single step process b) two step
process and c) three step process, 2) characterize the
AAB-AC and 3) compare the adsorptive capacity of all
three ACs with the commercially available AC
(Filtrasorb ®-400 and QAC-400) available with Calgon
Carbon Corporation and Quantum Active Carbon Pvt.
Limited respectively.

2.1 Preparation of AAB-AC

Branches of Acacia asak tree were collected
from Jubal Industrial city. Branches excluding leaves
were washed and cleaned thoroughly with hot distilled
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water. Later branches were cut into small pieces and
dried in Blast Air Drying Oven (DHG-9030A, China)
at 110 £5 °C for 48 hours. Finally, dried pieces were
cut into 0.4 to 0.5 mm size particles utilizing variable
speed Universal Cutting Mill (PULVERISETTE 19).
Prepared granular material divided into three test
samples and these samples undergone single, two and
three steps processes to obtain three types of AC
named; AAB-AC1, AAB-AC2 and AAB-AC3.

Single step process for AAB-ACI1 production: In
this part of study single step chemical activation
process, utilizing Ko,COs3 as activated agent was used.
Prepared granular material first impregnated with 40%
V/V KyCOs (purity 99.99%, Sigma-Aldrich) and
obtained slurry was placed in Muffle Furness (BEXCO,
251) for 12 hours at 600 £5 °C (Saleem et al., 2017).
After cooling the product at room temperature washed
with 0.2% HCI solution than with distilled water to
obtain AC having pH near neutral value.

Two step process for AAB-AC2 production: In
this part the precursor material is placed in the Muffle
Furness for 12 hours at 600 +£5 °C for carbonization.
Later the biochar formed was mixed with 40% V/V
K,COs and salary was left idle for 24 hours which
hydrolyzed the glycosidic linkage present in
polysaccharides of cellulose and hemicellulose
material. Following that, produced AC is placed in the
Muffle Furness for 12 hours at 600 £5 °C. The final
product was neutralized as mentioned before.

Three step process for AAB-AC3 production: In
this part of study the prepared granular material mixed
with 50% V/V distilled water and material undergone
hydrothermal carbonization for 24 hours at 200+5 °C in
a sealed container which exerted an extra steam
pressure, providing additional driving force for
hydrochar production. Later produced hydrochar was
mixed with 40% V/V K,COs and slurry was left idle for
12 hours. In the last step product was placed in Muffle
Furness for 12 hours at 600 £5 °C to produce AC
followed by neutralization of the produced AC.

Once the AC is produced, characterization is
required. Characterization is the measure of different
properties or parameters on the basis of which, a
comparison can be made to find the suitability of
product. Therefore, a number of parameters have been
developed to characterize activated carbon such as the
iodine number, hardness number, surface area,
moisture content, ash content, volatile matter content,
pH value, iodine number etc. Following section
discussed the characterization phase of the present
study.
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2.2 Characterization of Precursor Material
and Produced ACs

Characterization of all produced ACs was done
by performing the proximate and detailed analysis
following the standard procedures (Schaeffer, 2002).
The type of test and utilized ASTM standard and/or
methods are summarized in table 1.

In order to determine the elemental composition
of precursor material AAB, analysis done utilizing The
PerkinElmer® 2400 Series II CHNS/O Elemental

Analyzer. The proximate analysis was performed by
utilizing TGA 4000 System, with a compact ceramic
furnace following the standard ASTM procedures.
Hardness determined by utilizing Gilson SS-30 Ro-Tap
Sieve Shaker. The fixed carbon calculated as residue of
100% after subtracting moisture content, volatile matter
and ash content (Goswami, 2004).

Fixed carbon (%) =100 — [moisture (%) + ash (%) +
volatile matter (%)] .....(1)

Table 1. Summary of the analysis and utilized standard ASTM procedures and methods.

Type of analysis Method/ASTM standard
procedure
Bulk density ASTM D2395

Moisture content
Fixed carbon
Volatile matter
Hardness

Ash content
Sger-Surface area

Pore volume
Pore mean radius
Iodine number

ASTM D4933-99, 201
ASTM D3172; 1SO 1350
ASTM D5832-98

ASTM D3802

ASTM D2866-94, 2004
Brunauer—-Emmett—Teller,
surface area

ASTM D4641-17
Empirical calculations
ASTM D4607-94

BET

The BET surface area (Ssst) and pore volume
were determined by utilizing the amount of N held at a
relative pressure P/Po = 0.98 reaching equilibrium. The
Sger surface area determined by Quantachrome Nova-
2200e series instrument. During determination and
handling the equipment all safety precautions were
adopted including use of protective clothing, mask,
safety goggles and heat resistant gloves (Brunauer and
Teller, 1938). The sample was degassed for 2 hours
under vacuum at 330°C prior to analysis. The sample
was then transferred to the analysis system where it
was cooled in liquid nitrogen. The specific surface area
(SBET) was calculated by the Brunauer—Emmett—
Teller (BET) equation. Pore mean radius (R) is
calculated from values of pore volume (Vp) and BET
surface area (Sger) utilizing the empirical relationship
(Haul,1982)

R= 2Vp/ SBET

2.3 Removal Efficiency of AAB-AC

Among other color dyes textile industries utilizing
Methylene Blue (MB) dye in various dying processes.
Therefore, to comply with the environmental control
and meet the effluent discharge limits removal of MB
dye is a major issue in textile industry. In the present
study synthetic wastewater containing MB dye used to
test the produced ACs and determine their removal
efficiency (Shah et al., 2015; Saleem et al., 2017).
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A stock solution of 50 mg/l MB dye was prepared.
Three sets of 100 ml borosilicate bottles containing 10
gm of ACs (produced three types of ACs) were filled
with 100 ml of MB solution.

Prepared bottles were placed in a mechanical
shaker and allowed to equilibrate for 48 hours (Saleem
et al., 2010). Following the equilibration period, 20 ml
samples were used from each bottle, filtered through
0.45 pm filter (Millipore), and analyzed for residual
concentrations of MB dye wusing the UV-
spectrophotometer Shimadzu UV-1301PC at 644 nm
wavelength. A calibration curve between absorbance
and MB concentration was prepared by using MB
standard solutions having concentrations from 10 mg/l
to 50 mg/l. Parallel experimental runs were performed
while using commercial AC Filtrasorb ®-400 for
comparison purpose.

3. RESULTS AND DISCUSSION

In the present detailed experimental investigation
preparation, characterization along with comparative
analysis performed. Results obtained in the present
study are discussed in the following sections

3.1 Production and characterization of
activated carbon

Generally, a precursor material containing high
carbon content and low Sulphur and ash content results
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in good quality AC (Macias-Pérez et al., 2007). Results
of elemental analysis of AAB along with the elemental
composition of other species of Acacia tree branches
are presented in table 2. Results reveal that AAB
having higher carbon content along with lower ash
content which is making AAB a candidate precursor
material to yield AC having qualities comparable to
commercially available AC in market. Composition of

other elements including potassium, nitrogen,
hydrogen, phosphorus and oxygen are comparable with
the reported values in the literature (Shivayogimath et
al., 2014; Saleem et al., 2017). In addition to that, lower
Sulphur content (0.02%) ranking it as an environment
friendly material to produce AC (Shahid et al., 2011).
Therefore, AAB seems to be a suitable precursor
material for good quality AC production.

Table 2. Results of elemental analysis and comparison with the other Acacia species reported in the
literature.

Constituent Acacia asak 1Acacia seyal 2Acacia nilotica
(%)
C 52.7 51.3 48
K 0.93 1.82 --
Al ND 0.17 --
N 0.42 0.33 0.4
H 5.3 5.8 6
Zn 0.01 0.01 --
S 0.02 0.03 --
P 0.1 0.09 --
0 41.5 32.9 44
Ash 4.7 5.9 5.8

ND: Not Detected
I Saleem et al., (2017)
2 Shivayogimath et al., (2014)

Gravimetric analysis of raw AAB was performed
by TGA at temperature range from 0°C to 1000°C in an
inert atmosphere. Results of weight loss versus
temperature are presented in figure 1. It can be seen
from figure 1 that curve represents three major stages
of weight loss; first stage from 60°C to about 180°C
which is mainly due to loss of moisture and volatile
material. Weight loss of about 3.96% observed in this
temperature range. In the second stage which ranges
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from 180°C to 355°C maximum weight loss of about
57.62% observed which is mainly due to breakdown
and conversion of lignocellulose material into gases
form and tar which generally occurs in this temperature
range (Kumar et al, 2008). In the third stage
carbonization of AAB occurred which ranges from
355°C to 1000°C showing minimum weight loss of
about 2.79%.
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Figure 1. TGA analysis, weight loss versus temperature

Table 3 presents a comparison of results obtained
after performing proximate and detailed analysis for all
three types of produced ACs along with two
commercially available ACs (Filtrasorb ®-400 and
QAC-400). Comparison also made between produced
ACs and AC produced from other species of Acacia
trees (Acacia seyal and Acacia nilotica) reported in the
literature.

Results reveal that all ACs prepared in the present
study by single, two and three step processes possess
high BET surface area and quite comparable to the
commercially available ACs. Among three produced
ACs, obtained area is in the order of AAB-AC3> AAB-
AC2>AAB-AC1. Therefore, AAB-AC3 achieved
highest surface area (814.3 m2/g) while utilizing three
step process which provides better carbonization and
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activation with activating agent K,COs. Similar results
were reported elsewhere when comparing the AC
produced by single, two and three steps chemical
activation method (Tran et al., 2017). Lowest surface
area obtained by AAB-AC1 (753.3 m?/g) which may be
attributed to the fact that less time was available for
carbonization which reduce the carbon content per unit
mass and ultimately the available surface area. The
three step process contributing in getting higher surface
area which may be due to fact that hydrothermal
treatment of precursor material produced hydrochar
during carbonization in which better penetration of
activating agent K,CO; occurred in the pore space,
which results in relatively higher surface area during
activation.
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produced from other species of Acacia tree

1 i 2 3

Property AAB-AC1 AAB-AC2 AAB-AC3 Acacia Acacia g asorb® 400 #QAC-400
seyal nilotica

Ball-Pan .
Hardoaes 95 94 90 91 Low High 95
Ash (%) 5.7 6.2 5.73 5.9 5.8 5-6 6
Bulk Density 0.41 0.39 0.35 0.3 - 0.44 0.55
(g/cc)
Moisture
Content (%) 4.7 4.2 4.6 4.2 4.1 - 5
Volatile 6.14 5.52 2.73 - 5.12 - -
matter
Fixed Carbon 83.46 84.08 86.94 - -- -- --
pH 7.9 8.1 7.6 6.5 7.0 6.2 9-10
Sser (m2/g) 753.2 772.7 814.3 762 590 944 400
Pore Volume =, 34 4.79 5.1 4.92 4.4 0.6 -
(m3/g)
Pore mean 11.63 12.39 12.52 12.91 14.91 1.27 -
radius (mm)
Iodine
Number 749 846 892 827 480 1000 400
(mg/g)

* Calgon Carbon Corporation, Pennsylvania, 15205 USA.

# Quantum Active Carbon Pvt Limited (2016)
1 Saleem et al., (2017)
2 Shivayogimath et al., (2014)

Results reported in table 3 also showing that the
obtained BET surface area of produced ACs are well
comparable to the area obtained by researchers utilizing
other species of Acacia tree branches; Acacia seyal and
Acacia nilotica. Once comparing with the BET surface
are of Filtrasorb ®-400 (i.e 944 m?%/g) the surface areas
of AAB-AC1, AAB-AC2 and AAB-AC3 are 79.77%,
81.78% and 99.87% respectively. Results of Iodine
number demonstrated similar behavior.

Results of pore volume and iodine number
showing that the properties of AC strongly depends on
the type of preparation method and adsorbent pore
volume increase with the number of steps during
activation. Thus, three step process seems to be more
favorable method in the preparation of better AC. A
similar conclusion has been drawn by other researchers
(Tran et al., 2017; Wong et al., 2018). The Ball-Pan
Hardness Test which reflects the resistance of an AC

against degradation, measured and results show that all
the produced ACs possess very good hardness and well
suitable for liquid phase batch and continues flow
separation processes.

Furthermore, a simple cost analysis performed by
considering the cost of raw material, chemical used,
energy consumption and cost related to manpower and
laboratory analysis. It was found that the final cost of
produced ACs ranging from $0.35 to $0.42 per Kg.
Therefore, the AC produced by Acacia asak branches,
which are available in abundance, obtained during tree
pruning and considered, as solid waste will result in an
economical means of producing AC and contribute in
solid waste reduction and management.
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3.2 Removal efficiency of AAB-ACs

Removal efficiency of AAB-ACs along with
commercial AC Filtrasorb ®-400 was evaluated in
laboratory batch experiments in which produced and
commercial ACs were suspended in 50mg/l MB
solution as mentioned before.

The temporal removal efficiency of AAB-ACs and
Filtrasorb ®-400 is depicted in figure 2. It is evident
from figure 2 that initially commercial AC removal is
highest up to 20 minutes as compared to all AAB-ACs
however, after that the removal efficiency of AAB-
AC3 becomes comparable to it. After about 40 minutes
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g o
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E 30
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20

of experimental run the improvement in the removal
efficiency became insignificant for all the ACs. The
final removal efficiencies of ACs achieved were
98.5%, 96.3%, 91.1% and 85.6% for Filtrasorb ®-400,
AAB-AC3, AAB-AC2 and AAB-ACI respectively.
The high removal efficiency of AAB-AC3 for MB dye
may be attributed to the utilization of K,COs as an
activating agent and three step process which aids in
the yield of high BET surface area and well developed
porosity.

—e—CAC
——AAB-AC3
——AAB-AC?2
—=—AAB-AC1
30 40 50 60 70
Time (Min)

Figure 2. Comparison of MB Removal efficiency of ACs

3.3 MB dye uptake capacity of AAB-AC3

In this part of study the experimental runs were
performed to compare the MB dye uptake capacity of
AAB-AC3 and commercial AC Filtrasorb ®-400. The
uptake capacity of Filtrasorb ®-400 and AAB-AC3
found to be 240.7 mg MB/g of AC and 237.5 mg MB/g
of AC respectively. which shows that the adsorption
capacity of AAB-AC3 is about 98.7% of commercial
AC. It is noted that the MB uptake capacity of AAB-
AC3 is comparable to the Sger value found before
(99.87% of Filtrasorb ®-400). It means that the
produced AC has good relationship between BET-
Surface area and the MB uptake capacity of produced
AC. In addition to that, the pore volume of AAB-AC3
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is 5.1 md/g as compared to the pore volume of
Filtrasorb ®-400 which is 0.6 m3/g. It shows that the
MB uptake capacity may not only depends on the pore
volume and the controlling parameter could be the
BET-Surface area. Current findings are not consistent
with the finding of study conducted by Hussein et al.,
which showing the dependency of AC uptake capacity
solely on the pore structure and volume (Hussein et al.,
2015). Variance in the studies could be attributed to the
use of different raw material (date palm tree biomass)
which may produce pore volume due to different pore
structure. However, further study is warranted to
investigate effect of various precursor material on pore
volume, SBET surface area and the uptake capacity.
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Results of the study revealed that the Acacia asak
tree branches is a potential precursor material for AC
production. Elemental analysis of precursor material
shows high carbon content (52.7%) and very low ash
content (4.7%) ranking it as an excellent material for
AC preparation. Three types of AC production methods
were utilized and found that three steps AC production
method provides better carbonization and activation
while using K>COs as activating agent and yield with
an AC having Sggr surface area close to commercially
available AC (99.87% of Filtrasorb ®-400).
Hydrothermal treatment of precursor material produced
hydrochar in which better penetration of precursor
material occurred. TGA analysis shows that
carbonization occurred about 360C and showing
minimum weight loss of about 2.79% which reflect the
low volatile component in the produced AC.

Temporal removal efficiency shows that MB
removal of AAB-AC3 is high as compared to AAB-
AC2 and AAB-ACI during initial 20 minutes (but less
than Filtrasorb ®-400). However, after 40 minutes of
run both ACs achieved similar removal efficiency
(96.3% and 98.5% for AAB-AC3 and Filtrasorb ®-400
respectively). MB uptake capacity of AAB-AC3 find to
be about 98.7% of commercial AC (237.5 mg/g of AC).
Higher hardness and low ash content of produced ACs
making it suitable for liquid phase continues flow and
batch type separation processes. A simple cost analysis
shows that the cost of produced ACs ranges from $0.35
to $0.42/ kg which is quite cheaper than the
commercially available AC in the market.

Therefore, the results of the present study show
that that AC produced by three steps carbonization and
activation method is producing economical and well
comparable AC (with commercially available ACs) if
the availability of low cost raw material and low energy
consumption are considered. However, more
investigations are required to verify other parameters
such as hydrolysis time and temperature, impregnation
ratio of activating agent, types of activating agents,
time of activation and utilization of other steps such as
microwave heating etc.

Acknowledgments
Authors are grateful to the Jubail University College
for providing working environment to complete this
study. Authors did not receive any financial support
from any funding body.

€ 2021 EPRAIJMR |

10.

11.

12.

ISSN (Online): 2455-3662

EPRA International Journal of Multidisciplinary Research (IJMR) - Peer Reviewed Journal

o Volume: 7 | Issue: 1 |January 2021|| Journal DOI: 10.36713/epra2013 || SJIF Impact Factor: 7.032 |[ISI Value: 1.188
4. CONCLUSIONS AND REFERENCES
RECOMMENDATIONS 1. Ahmad, A., Al-Swaidan, H. M., & Alghamdi, A. H.,

2015. Production of Activated Carbon from Raw
Date Palm Fronds by ZnCI2 Activation. Journal of
the Chemical Society of Pakistan, 37(6), 1081-
1087.

Alayan, H.M.; Alsaadi, M.A.; AlOmar, M.K,;
Hashim, M.A. Growth and optimization of carbon
nanotubes in

Alcaraz, L., Lépez Fernandez, A., Garcia-Diaz, 1.,
& Lopez, F. A. (2018). Preparation and
characterization of activated carbons from
winemaking wastes and their adsorption of
methylene blue. Adsorption Science &
Technology, 36(5-6), 1331-1351.

Alslaibi, T. M., Abustan, I., Ahmad, M. A., & Foul,
A. A. (2013). A review: production of activated
carbon from agricultural byproducts via
conventional and microwave heating. Journal of
Chemical Technology & Biotechnology, 88(7),
1183-1190.

Amarasinghe, B. M. W. P. K., & Williams, R. A.
(2007). Tea waste as a low cost adsorbent for the
removal of Cu and Pb from wastewater. Chemical
Engineering Journal, 132(1-3), 299-309.

Aref, I. M., Elkhalifa, K. F., & El-Juhany, L. 1.,
2003. A dendrological key for identification of
Acacia species growing in Saudi Arabia and
Northern Sudan.
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=
10.1.1.611.2817. Accessed on July, 2016.

Baccar, R., Bouzid, J., Feki, M., & Montiel, A.
(2009). Preparation of activated carbon from
Tunisian olive-waste cakes and its application for
adsorption of heavy metal ions.Journal of
Hazardous Materials, 162(2-3), 1522-1529.
Brunauer, S., Emmett, P. H., & Teller, E. (1938).

Adsorption of gases in  multimolecular
layers. Journal of the American chemical
society, 60(2), 309-319. DOl:

10.1021/ja01269a023

Cao, Q., Xie, K. C,, Lv, Y. K., & Bao, W. R. (2006).
Process effects on activated carbon with large
specific surface area from corn cob. Bioresource
Technology, 97(1), 110-115.

Cazetta, A. L., Vargas, A. M., Nogami, E. M,
Kunita, M. H., Guilherme, M. R., Martins, A. C., ...
& Almeida, V. C. (2011). NaOH-activated carbon
of high surface area produced from coconut shell:
Kinetics and equilibrium studies from the methylene
blue adsorption. Chemical Engineering
Journal, 174(1), 117-125.

Chen, W., Duan, L., & Zhu, D. (2007). Adsorption
of polar and nonpolar organic chemicals to carbon
nanotubes. Environmental science &
technology, 41(24), 8295-8300.

Cheng, C., Liu, H., Dai, P., Shen, X., Zhang, J.,
Zhao, T., & Zhu, Z. (2016). Microwave-assisted
preparation and characterization of mesoporous

www.eprajournals.com | Journal DOI URL: https://doi.org/10.36713 /epra2013


http://www.eprajournals.com/
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.611.2817
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.611.2817

~

Ly

ISSN (Online): 2455-3662

EPRA International Journal of Multidisciplinary Research (IJMR) - Peer Reviewed Journal
Volume: 7 | Issue: 1 |January 2021|| Journal DOI: 10.36713/epra2013 || SJIF Impact Factor: 7.032 |[ISI Value: 1.188

13.

14.

15.

16.

17.

18.

19.

20.

21.

activated carbon from mushroom roots by phytic
acid (C6H18024P6) activation. Journal of the
Taiwan Institute of Chemical Engineers, 67, 532-
537.

Chowdhury, Z.Z., Hamid, S.B.A., Das, R., Hasan,
R., Mohd Zain, S., Khalid, K., Uddin, N., 2013.
Preparation of carbonaceous adsorbents from
lignocellulosic biomass and their use in removal
contaminants from aqueous solution. BioResources
8, 6523-6555.

Danish, M., & Ahmad, T. (2018). A review on
utilization of wood biomass as a sustainable
precursor for activated carbon production and
application. Renewable and Sustainable Energy
Reviews, 87, 1-21.

Danish, M., Hashim, R., lbrahim, M. M., &
Sulaiman, O. (2013). Effect of acidic activating
agents on surface area and surface functional
groups of activated carbons produced from Acacia
mangium wood. journal of Analytical and Applied
Pyrolysis, 104, 418-425.

El-Hendawy, A. N. A., Alexander, A. J., Andrews,
R. J., & Forrest, G. (2008). Effects of activation
schemes on porous, surface and thermal properties
of activated carbons prepared from cotton
stalks. Journal ~of Analytical and Applied
Pyrolysis, 82(2), 272-278.

Erdogan, S., Onal, Y, Akmil-Basar, C., Bilmez-
Erdemoglu, S., Sarici-Ozdemir, C., Koseoglu, E., &
lcduygu, G. (2005). Optimization of nickel
adsorption from aqueous solution by using
activated carbon prepared from waste apricot by
chemical activation. Applied Surface
Science, 252(5), 1324-1331.

Essa, M. H., Al-Zahrani, M. A., & Nesaratnam, S.,
2004. A step towards national reliance using
locally produced activated carbon from dates. In
Third Saudi Technical Conference and Exhibition
(STCEX-3), Riyadh, Saudi Arabia (pp. 291-297).
https://www.researchgate.net/profile/Muhammad_A
l-
Zahrani3/publication/268272667_A_Step_Towards
_National_Reliance_Using_Locally_Produced_Acti
vated_Carbon_from_Dates/links/54bcd01c0cf24e5
0e9409416.pdf. Accessed on January, 2019
Gebrekidan, A., Teferi, M., Asmelash, T.,
Gebrehiwet, K., Hadera, A., Amare, K., ... & Van
Der Bruggen, B. (2015). Acacia ethaica as a
potential low-cost adsorbent for removal of
organochlorine pesticides from water. Journal of
Water Resource and Protection, 7(03), 278.
Goswami, D. Y. (2004). The CRC handbook of
mechanical engineering. CRC press..

Gratuito, M. K. B., Panyathanmaporn, T.,
Chumnanklang, R. A., Sirinuntawittaya, N. B., &
Dutta, A., 2008. Production of activated carbon
from coconut shell: optimization using response
surface methodology. Bioresource
Technology, 99(11), 4887-4895. DOl:
10.1016/j.biortech.2007.09.042

€ 2021 EPRAIJMR |

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Guo, J., Lua, A.C., 2000. Effect of heating
temperature on the properties of chars and
activated carbons prepared from oil palm stones. J.
Therm. Anal. Calorim. 60, 417-425.

Haimour, N. M., & Emeish, S. (2006). Utilization of
date stones for production of activated carbon
using phosphoric acid. Waste Management, 26(6),
651-660.

Haul, R. (1982). SJ Gregg, KSW Sing: Adsorption,
Surface Area and Porosity. 2. Auflage, Academic
Press, London 1982. 303 Seiten, Preis:
$49.50. Berichte  der  Bunsengesellschaft ~ fir
physikalische Chemie, 86(10), 957-957.

Hayashi, J. I., Kazehaya, A., Muroyama, K., &
Watkinson, A. P. (2000). Preparation of activated
carbon from lignin by chemical
activation. Carbon, 38(13), 1873-1878.

Hayashi, J., Yamamoto, N., Horikawa, T.,
Muroyama, K., & Gomes, V. G. (2005).
Preparation and characterization of high-specific-
surface-area activated carbons from K,COs-treated
waste polyurethane. Journal of Colloid and
Interface Science, 281(2), 437-443.

Herawan, S.G., Hadi, M.S., Ayob, R., Putra, A,
2013a. Characterization of activated carbons from
oil-palm shell by CO2 activation with no holding
carbonization temperature. Sci. World J.

Hussein, F. H., Halbus, A. F., Lafta, A. J., & Athab,
Z. H., 2015. Preparation and Characterization of
Activated Carbon from Iragi Khestawy Date Palm.
Journal of Chemistry, 2015.
http://dx.doi.org/10.1155/2015/295748.  Accessed
on July, 2016.

Jawad, A. H., Rashid, R. A,, Ishak, M. A. M., &
Wilson, L. D. (2016). Adsorption of methylene blue
onto activated carbon developed from biomass
waste by H2SO4 activation: kinetic, equilibrium
and thermodynamic studies. Desalination and
Water Treatment, 57(52), 25194-25206.

JC (Jeddah Chamber). Saudi Arabia — Industrial
Sector Overview August 2016. Saudi Arabia —
Industrial Sector Overview Report, 2016. Accessed
on June 30", 2019
(https://www.jeq.org.sa/sites/default/files/library/fil
es/Industry-EN.pdf).

Kalderis, D., Bethanis, S., Paraskeva, P., &
Diamadopoulos, E. (2008). Production of activated
carbon from bagasse and rice husk by a single-
stage chemical activation method at low retention
times. Bioresource technology, 99(15), 6809-6816.

Katesa, J., Junpiromand, S., Tangsathitkulchai, C.,
2013. Carbonization temperature effect
onactivatedcarbonproperties.J.Sci.Technol.20,269—
278.

Kula, 1., Ugurlu, M., Karaoglu, H., & Celik, A.
(2008). Adsorption of Cd (lI) ions from aqueous
solutions using activated carbon prepared from
olive stone by 2ZnCl2 activation. Bioresource
technology, 99(3), 492-501.

www.eprajournals.com | Journal DOI URL: https://doi.org/10.36713 /epra2013


http://www.eprajournals.com/
https://www.researchgate.net/profile/Muhammad_Al-Zahrani3/publication/268272667_A_Step_Towards_National_Reliance_Using_Locally_Produced_Activated_Carbon_from_Dates/links/54bcd01c0cf24e50e9409416.pdf
https://www.researchgate.net/profile/Muhammad_Al-Zahrani3/publication/268272667_A_Step_Towards_National_Reliance_Using_Locally_Produced_Activated_Carbon_from_Dates/links/54bcd01c0cf24e50e9409416.pdf
https://www.researchgate.net/profile/Muhammad_Al-Zahrani3/publication/268272667_A_Step_Towards_National_Reliance_Using_Locally_Produced_Activated_Carbon_from_Dates/links/54bcd01c0cf24e50e9409416.pdf
https://www.researchgate.net/profile/Muhammad_Al-Zahrani3/publication/268272667_A_Step_Towards_National_Reliance_Using_Locally_Produced_Activated_Carbon_from_Dates/links/54bcd01c0cf24e50e9409416.pdf
https://www.researchgate.net/profile/Muhammad_Al-Zahrani3/publication/268272667_A_Step_Towards_National_Reliance_Using_Locally_Produced_Activated_Carbon_from_Dates/links/54bcd01c0cf24e50e9409416.pdf
https://www.researchgate.net/profile/Muhammad_Al-Zahrani3/publication/268272667_A_Step_Towards_National_Reliance_Using_Locally_Produced_Activated_Carbon_from_Dates/links/54bcd01c0cf24e50e9409416.pdf
https://dx.doi.org/10.1016/j.biortech.2007.09.042
http://dx.doi.org/10.1155/2015/295748
https://www.jeg.org.sa/sites/default/files/library/files/Industry-EN.pdf
https://www.jeg.org.sa/sites/default/files/library/files/Industry-EN.pdf

~

Ly

ISSN (Online): 2455-3662

EPRA International Journal of Multidisciplinary Research (IJMR) - Peer Reviewed Journal
Volume: 7 | Issue: 1 |January 2021|| Journal DOI: 10.36713/epra2013 || SJIF Impact Factor: 7.032 |[ISI Value: 1.188

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Kumar, S., Gupta, A., & Yadav, J. P. (2008).
Removal of fluoride by thermally activated carbon
prepared from neem (Azadirachta indica) and kikar
(Acacia arabica) leaves. Journal of Environmental
Biology, 29(2), 227.

Liu, Q. S., Zheng, T., Wang, P., & Guo, L. (2010).
Preparation and characterization of activated
carbon from bamboo by microwave-induced
phosphoric acid activation. Industrial Crops and
Products, 31(2), 233-238.

Lua, A. C., & Yang, T. (2005). Characteristics of
activated carbon prepared from pistachio-nut shell
by zinc chloride activation under nitrogen and
vacuum conditions. Journal of colloid and interface
science, 290(2), 505-513.

Macias-Pérez, M. C., Bueno-Lépez, A., Lillo-
Rodenas, M. A., de Lecea, C. S. M., & Linares-
Solano, A. (2007). SO2 retention on CaO/activated
carbon sorbents. Part I: Importance of calcium
loading and dispersion. Fuel, 86(5-6), 677-683.
Moreno-Pirajan, J. C., Gomez-Cruz, R., Garcia-
Cuello, V. S., & Giraldo, L. (2010). Binary system
Cu (IN/Pb (I1) adsorption on activated carbon
obtained by pyrolysis of cow bone study. Journal of
Analytical and Applied Pyrolysis, 89(1), 122-128.
Nor, N.M., Chung, L.L., Teong, L.K., A.R, M., 2013.
Synthesis of activated carbon from lignocellulosic
biomass and its applications in air pollution
control—a review. J. Environ.Chem.Eng.,1.

Okman, I., Karagdz, S., Tay, T., & Erdem, M.
(2014). Activated carbons from grape seeds by
chemical activation with potassium carbonate and
potassium hydroxide. Applied Surface Science, 293,
138-142.

Olivares-Marin, M., Fernandez-Gonzalez, C.,
Macias-Garcia, A., & Gomez-Serrano, V. (2006).
Preparation of activated carbons from cherry
stones by activation with potassium
hydroxide. Applied Surface Science, 252(17), 5980-
5983.

Ozsin, G., Kilig, M., Apaydin-Varol, E., & Pitiin, A.
E. (2019). Chemically activated carbon production
from agricultural waste of chickpea and its
application for heavy metal adsorption:
equilibrium, kinetic, and thermodynamic
studies. Applied Water Science, 9(3), 56.

Plaza, M. G., Garcia, S., Rubiera, F., Pis, J. J., &
Pevida, C. (2010). Post-combustion CO2 capture
with a commercial activated carbon: comparison of
different regeneration strategies. Chemical
Engineering Journal, 163(1-2), 41-47.

Ramirez, A. P., Giraldo, S., Ulloa, M., Flérez, E., &
Acelas, N. Y. (2017, December). Production and
characterization of activated carbon from wood
wastes. InJournal of Physics: Conference
Series (Vol. 935, No. 1, p. 012012). IOP
Publishing.

Rao, M. M., Ramesh, A., Rao, G. P. C., & Seshaiah,
K. (2006). Removal of copper and cadmium from
the aqueous solutions by activated carbon derived

€ 2021 EPRAIJMR |

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

from Ceiba pentandra hulls. Journal of hazardous
materials, 129(1-3), 123-129.

Romanos, J., Beckner, M., Rash, T., Firlej, L.,
Kuchta, B., Yu, P., .. & Pfeifer, P. (2011).
Nanospace engineering of KOH activated
carbon. Nanotechnology, 23(1), 015401.

Saleem, M., Ali, M., Siddigi, Z., and Al Qahtani, A.
S. (2017). Preparation of Activated Carbon from
Acacia (Vachellia seyal) Tree Branches and
Application to Treat Wastewater Containing
Methylene Blue Dye. Modern Applied Science,
11(12), pp. 102-108.

Sartova, K., Omurzak, E., Kambarova, G.,
Dzhumaev, 1., Borkoev, B., & Abdullaeva, Z.
(2019). Activated carbon obtained from the cotton
processing  wastes. Diamond and  Related
Materials, 91, 90-97.

Schaeffer, K. E., 2002. “ASTM International
Activated Carbon Standards, stock Number
ACTCARBON”. ASTM Committee on Activated
Carbon, D-28. 2002. DOI: 10.1520/D6851-02R11.
Shah, 1., Adnan, R., Ngah, W. S. W., & Mohamed,
N. (2015). Iron impregnated activated carbon as an
efficient adsorbent for the removal of methylene
blue: regeneration and kinetics studies. PloS
one, 10(4), e0122603.

Shahid, M., Saleem, M., Ibrahim, F., 2011.
Production and characterization of activated
carbon using indigenous waste materials. Pakistan
Journal of Scientific & Industrial Research 54(3),
152-154,
http://www.pjsir.org/documents/journals/21102011
055632_PJSIR54A(3)-Abstract.pdf. Accessed on
January, 2017.

SIDF (Saudi Industrial Development Fund).
Industrial Development in the Saudi Arabia,
Report. ~ Accessed on  June 30" 2019

(https://iwww.sidf.gov.sa/en/IndustryinSaudiArabia/
Pages/IndustrialDevelopmentinSaudiArabia.aspx).
Sun, Y., Wei, J., Wang, Y. S., Yang, G., & Zhang, J.
P. (2010). Production of activated carbon by
K,COjs activation treatment of cornstalk lignin and
its performance in removing phenol and subsequent
bioregeneration. Environmental technology, 31(1),
53-61.

Tran, H. N., You, S. J., & Chao, H. P. (2017). Fast
and efficient adsorption of methylene green 5 on
activated carbon prepared from new chemical
activation  method. Journal of environmental
management, 188, 322-336.

Uner, O., & Bayrak, Y. (2018). The effect of
carbonization temperature, carbonization time and
impregnation ratio on the properties of activated
carbon produced from arundo donax. Microporous
and mesoporous Materials, 268, 225-234.
Warhurst, A. M., McConnachie, G. L., & Pollard,
S. J. (1997). Characterisation and applications of
activated carbon produced from Moringa oleifera
seed husks by single-step steam pyrolysis. Water
Research, 31(4), 759-766.

www.eprajournals.com | Journal DOI URL: https://doi.org/10.36713 /epra2013


http://www.eprajournals.com/
http://www.pjsir.org/documents/journals/21102011055632_PJSIR54A(3)-Abstract.pdf
http://www.pjsir.org/documents/journals/21102011055632_PJSIR54A(3)-Abstract.pdf
https://www.sidf.gov.sa/en/IndustryinSaudiArabia/Pages/IndustrialDevelopmentinSaudiArabia.aspx
https://www.sidf.gov.sa/en/IndustryinSaudiArabia/Pages/IndustrialDevelopmentinSaudiArabia.aspx

ISSN (Online): 2455-3662

/ss EPRA International Journal of Multidisciplinary Research (IJMR) - Peer Reviewed Journal
Volume: 7 | Issue: 1 |January 2021|| Journal DOI: 10.36713/epra2013 || SJIF Impact Factor: 7.032 |[ISI Value: 1.188

57. Wong, S., Ngadi, N., Inuwa, I. M., & Hassan, O.
(2018). Recent advances in applications of
activated carbon from biowaste for wastewater
treatment: a short review. Journal of Cleaner
Production, 175, 361-375.

58. Yakout, S. M., & El-Deen, G. S. (2016).
Characterization of activated carbon prepared by
phosphoric acid activation of olive stones. Arabian
Journal of Chemistry, 9, S1155-S1162.

59. Yue, Q.Y., Wang, W. Y., Gao, B. Y., Xu, X., Zhang,
J., & Li, Q. (2010). Phosphate removal from
aqueous solution by adsorption on modified giant
reed. Water Environment Research, 82(4), 374-381.

60. Zhou, J., Luo, A., & Zhao, Y. (2018). Preparation
and characterisation of activated carbon from
waste tea by physical activation using
steam. Journal of the Air & Waste Management
Association, 68(12), 1269-1277.

€ 2021 EPRAIJMR | www.eprajournals.com | Journal DOI URL: https://doi.org/10.36713/epra2013


http://www.eprajournals.com/

