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Wastewater treatment requires a lot of granular activated carbon to absorb the dissolved organic components.
This article describes a low-cost process for making highly active adsorption activated carbons from biomass,
which could be used for wastewater treatment. A one-step carbonization and chemical activation with phos-
phoric acid at 500 °C produced low-cost acacia-derived porous activated carbons. The activated carbons’
moisture, ash, volatile matter, and fixed carbon content were determined using proximate analysis. The activated
carbon’s adsorption qualities were also determined by studying its bulk density, surface morphology, power of
hydrogen, iodine number, and methylene blue number index. To test the produced activated carbons for water
treatment, batch adsorption dynamics were performed at room temperature for the removal of methylene blue
from aqueous solution. Compared to activation using H2SO4, H3PO4 proves superior in generating well-
developed pores, leading to a mesoporosity and microporosity structure with a larger surface area and high
adsorption capacity. Brunauer—-Emmett-Teller determined the sample’s specific surface area, which was found to
be 387 m?%/ g. The iodine number for 50, 100, and 200 pm activated carbon particles size was 620, 592, and 632
mg/g, respectively. The adsorption of MB on AC material better fits with Langmuir’s adsorption isotherm; hence,
particles are adsorbed on well-pronounced heterogeneous surfaces. The sips model is found to best represent the
equilibrium data with R? values of 0.994, suggesting the heterogeneous surface adsorption of MB on AC.
Therefore, the adsorption of AC by MB involves physical and chemical processes. The produced AC hence ap-
pears to remove dissolved organic contaminants from raw water.

1. Introduction nations are currently afflicted by bush encroachment, including South

Africa, Botswana, Uganda, Zimbabwe, Ethiopia, and Namibia (Ayelew

The semiarid savanna grasslands and woodlands of Africa are pro-
gressively transforming into a dense, shrub-dominated landscape. Bush
encroachment is the thickening and spreading of woody vegetation in
open grasslands and forests. This makes it more difficult for animals to
locate food (Eldridge et al., 2011). This can also make the land less
suitable for farming and rearing animals (Van Auken, 2009). Degraded
rangelands in African savannas have caused financial losses for com-
mercial farmers due to the loss of grazing, arable land, and hunting
grounds for animals, especially in non-migratory ranches in Southern
Africa (De Wet, 2015; Ayelew and Mulualem, 2018). Several African

and Mulualem, 2018; Charis et al., 2019). Bush encroachment affects
>30 million hectares of land in Namibia, resulting in decreased carrying
capacity of the rangelands, loss of biodiversity, and, in the medium term,
a decrease in available groundwater due, among other things, to the
increased water uptake by the encroacher bushes (Uchezuba et al.,
2019). The consequence is approximately 100 million euros in annual
economic losses and a significant loss of agricultural employment
(Uchezuba et al., 2019). The shrubs have generated an estimated 200
million tons of previously dormant wood biomass (Ayelew and Mulua-
lem, 2018). By discovering new methods to utilize biomass for valuable
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products and development, bush control projects can create jobs in
agriculture and industry.

In Namibia, the available natural resources are underutilized, and
their economic value is understated. A lack of scientific expertise and
infrastructure to analyze locally accessible natural resources and
develop novel materials is a contributing factor (Shikangalah and
Mapani, 2020). The rapid growth of Acacia species poses a threat to
native plants and animals, altering soil moisture and local biodiversity
(De Wet, 2015). It is considered undesirable and invasive due to its
thorny, fast-growing, and encroaching characteristics, especially in
grassland regions (Shikangalah and Mapani, 2020). Therefore, its utili-
zation in the production of activated carbon (AC) adsorbents could
contribute to a much-needed solution for vegetation encroachment. AC
can then be used as an adsorbent to purify water. AC is currently the
most widely used adsorbent in both industrial and domestic applications
(Joshi, 2015). AC can purify a variety of effluent types. AC is used in
various industries in Namibia, including power, chemical, paper, phar-
maceutical, fertilizer, and textile industries. Using encroacher vegeta-
tion from Namibia as a source of AC can aid in the restoration of
degraded savanna. Currently, only a fraction of available resources is
utilized, resulting in a slow rate of land restoration. Acacia erioloba
(A. erioloba), a species of densely distributed invasive encroacher shrub,
was chosen for the adsorbent formulation in this study.

To remove vapor organic compound (VOC) pollutants from the
wastewater, techniques such as electrolysis, chemical flocculation, cat-
alytic degradation, biofiltration, membrane separation, absorption, and
adsorption have been developed (Santoso et al., 2020). Adsorption is a
good method because it is simple, efficient, cost-effective, and uses low
energy (Kutluay et al., 2020; Mahmood et al., 2017). Hence, AC is the
most widely utilized adsorbent in companies and homes for treating
various effluents (Seymour and Milton, 2003a, 2003b). Due to chronic
water stress, since 1968, Windhoek, the capital of Namibia, has used
treated wastewater to produce drinking water. Wastewater reuse for
drinking purposes is not standard because only 4 % of sewage is
generally recycled, mainly for industrial needs (Birch et al., 2016).
Windhoek’s Goreagab Water Reclamation plant uses advanced “multi-
barrier” technologies, including powdered and granular activated car-
bons (200 to 5000 pm) (Maquet, 2020). Powdered AC (50-150 pm) is
added to the raw water to remove algae and dissolved organic matter
like humic substances, enabling the removal by enhanced coagulation
and partial deactivation of harmful microbiology (Shutova et al., 2020).
The remaining dissolved organic compounds in the water are then
adsorbed onto the granular AC (Jjagwe et al., 2021), which demands
considerable amounts of AC for wastewater treatment in Namibia. Thus
the study of AC’s different sizes is crucial.

The researchers have thoroughly studied the impact of processing
factors like activation temperature, impregnation ratio, and soaking
time on the development of porosity during the H3PO4 activation of
lignocellulosic precursors under an inert atmosphere (El Gaayda et al.,
2022; Nahil and Williams, 2012; Duan et al., 2017; Liu et al., 2014).
However, the effects of different sizes of raw materials are not well
presented. Moreover, to cope with the massive requirement of powdered
and granular activated carbon in Namibia, AC should be produced uti-
lizing local resources and a cost-effective method. Acacia seedpods are
traditionally used to produce high-quality charcoal that burns slowly
and leaves little ash (Rahman et al., 2019). Furthermore, carbon pro-
duced from acacia is more rigid and more resistant to attrition (Gratuito
et al., 2008). AC can be prepared by physical or chemical activation.
Physical activation involves carbonizing raw material at 400-1000 °C
and then activating it using steam, carbon dioxide, air, or their mixes
(Song et al., 2013). Chemical activation involves concurrent carbon-
ization and activation. The method requires less heat, and a simple
laboratory setup is sufficient with less complex operating conditions
than physical activation technique (Song et al., 2013). Many researchers
have prepared and characterized AC from carbonaceous materials
(Gratuito et al., 2008; El-Shafey et al., 2016; Tounsadi et al., 2016), but
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few have used Acacia erioloba seedpods (Rahman et al., 2019).

It’s important to find low-cost raw materials that have similar or
better characteristics than conventional ones (Dias et al., 2007). Sey-
mour and Milton (2003a, 2003b) have reported that A. erioloba species
burn slowly, producing little ash. Low ash production may be caused by
high carbon content in A. erioloba species, resulting in a higher yield of
AC. Since it is still a challenge to prepare AC with very specific char-
acteristics (such as pore size distribution, carbon content, etc.), it is
important to assess AC produced from different activation agents since
activation agents also have different characteristics (Seymour and Mil-
ton, 2003a, 2003b). Using A. erioloba seedpods-based AC treated with
H3PO,4 as activation agent for water treatment is an interesting and
innovative approach, especially in countries with water scarcity like
Namibia. It provides new opportunities to utilize existing biomass for
value creation processes in terms of value addition and product devel-
opment, bush control initiatives can generate employment opportunities
in both agriculture and industry. Recently, we reported the chemical
preparation of AC from A. erioloba seedpods employing sulfuric acid
(H3SO4) as an activation agent (Rahman et al., 2019). However, the
activated carbon’s specific surface area (10.13 m?/g), and its adsorption
capacity (1.45 mg/g) (Rahman et al., 2019), were very low compared to
other activated carbons reported in literature (Itodo et al., 2010a,
2010b). In previous preparation of AC derived from Acacia seed ponds,
600 °C was used as a carbonization temperature (Rahman et al., 2019).
Increasing carbonization temperature promoted the release of volatile
matter from the raw materials (Mahari et al., 2021), the thermal stability
improved (Li et al., 2017), and decreased the maximum weight loss
(Jang et al., 2019). However, Puziy et al., 2020 reported that the use of
phosphoric acid as an activation agent resulted in a higher amount of AC
obtained at a lower temperature (500 °C) than for carbon obtained at
800 °C. The highest specific surface area (1470 cm?/g) and total pore
volume (0.60 cm3/g) were obtained in the final porous carbon when the
petroleum coke was carbonized at 500 °C, while the porosity was
reduced with further increasing the carbonization temperature (Jang
et al., 2019). We are now considering the use of H3PO4 as an activator
and 500 °C as a carbonization temperature to enhance the adsorption
capacity and specific surface area of A. erioloba seedpods-based AC.
Moreover, compared to zinc chloride (ZnCly) and H;SO4 activation,
H3PO4 activation provides environmental benefits, easy recovery, low
energy cost, and high char yield (33. Lim et al., 2010). Chemical acti-
vation with H3PO4 was employed for making hemp stem-based AC
because the process is quite simple (Lupul et al., 2015).

This article describes the chemical synthesis of AC using A. erioloba
seedpods as a carbon-based precursor and H3PO4 as an activator. We
concentrate on the utilization of economical Acacia seedpod residues as
raw materials to produce activated carbons using a straightforward one-
step pyrolysis process. The influence of the size of particles on the
adsorption characteristics of AC is explained. Various analytical tech-
niques were used to characterize the prepared ACs, including scanning
electron microscopy (SEM) with energy dispersive spectroscopy (EDX),
Brunauer-Emmett-Teller (BET), proximate analysis, adsorption kinetics
and isotherms and iodine number index. This article describes a prac-
tical, low-cost procedure for preparing activated carbon from locally
available biomass, with the aim to increase the adsorption capacity,
specific surface area (Sggt), pore volume, and pore dimension of the AC
derived from A. erioloba seedpods, now using H3POy4 instead of HySO4.

2. Materials and methods
2.1. Chemical used

H3PO4 (10 %), hydrochloric acid (HCI) (0.1 M), methylene blue (MB)
(C16H18CIN3S) (0.003 M), potassium iodide (KI) (0.02 M), potassium
iodate (KIO3), sodium thiosulphate pentahydrate (NayS203-5H20), so-
dium hydroxide (NaOH), starch and iodine were procured from Sigma-
Aldrich. For all experiments, distilled water was used to prepare the
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Table 1

Chemicals used in this research.
Chemical® Abbreviation” Conc.
Phosphoric acid H3PO4 10 %
Hydrochloric acid HCl 0.100 M
Methylene blue MB 0.003 M
Potassium iodide KI 0.020 M
Potassium iodate KIO3 0.001 M
sodium thiosulphate pentahydrate NayS,03-5H,0 0.100 M
Starch (CsH1005)n 0.139 M
Iodine I 0.100 M

2 The purchased chemicals were used without further purification.
b Abbreviation that are used in this paper and recognised in chemical industry.

aqueous solutions. Reactants grade H3POj4, KI, KIO3, NaOH, Na3S,03
(purity >98 %), HsPO4 (purity of 85 %) and HCI (purity >37 %) were
purchased and used in this experiment. Table 1 shows all chemicals that
were used, all were of analytical grade and were used as received
without any further purification.

2.2. Production of activated carbon

The seedpods were collected from an A. erioloba Camelthorn tree at
the University of Namibia. The seedpods were sun-dried, crushed and
ground in a ball mill to form a biomass precursor. The sample was sieved
to acquire particles of uniform size, measuring between 1.0 and 1.5 mm
(mm) in diameter. The precursor was rinsed with distilled water to
remove surface-bound impurities and mud, and then dried for 12 h at
105 °C.

In a 500 mL flask, 25 g of the desiccated precursor was impregnated
with 150 mL of 10 % phosphoric acid as an activating agent. The
calculated amount of the dried Acacia seedpod powder and the acti-
vating agent were mixed, as per the impregnation ratio (IR), presented
in Eq. (1).

weight of the active agent added

(€8]

Impregnation ratio (LR) = weight of the carbonizing material’

The flask containing the mixture was wrapped in aluminum foil and
left at room temperature overnight. After submerging, the sample was
first transferred to a crucible, covered with a lid and heated for 2 h at
110 °Con a hot plate. The samples were filtered using vacuum technique
and rinsed with hot deionized water (approximately 80 degrees Celsius)

Crushed and Sieved
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till the pH was neutral. The material was then desiccated in an oven at
105 + 5 °C for 24 h. The desiccated biomass was transferred into a
crucible and placed in a tubular muffle furnace (OTF-1200X; Hefei
Kejing Material Technology Co., Ltd.). The pyrolysis temperature was
set at 500 °C with a heating rate of 5 °C-min~" under the protection of a
Ny atmosphere for 1 h. The obtained sample was subsequently rinsed
with 100 mL of 0.1 M HCI to remove undesirable substances, filtered by
vacuum filtration, and washed with hot deionized water until the pH
was neutral. The residue was desiccated in a 105 °C oven for 3 h. The
biomass samples were stored in sealed vials for further analysis. Eq. (2)
was used to calculate the chemical activation process’s efficiency by
determining the AC’s chemical-free percentage yield.

M.
%Yield = —= x 100% @)
M,

Where M; and M are the masses of the carbonized sample before and
after activation, respectively.

The collected biomass sample was then sieved into three distinct
particle sizes of 50, 100, and 200 pm and was designated throughout this
paper as AC-1, AC-2, and AC-3, respectively. The purpose of sieving the
material into three distinct particle sizes was to assess the influence of
particle size on the adsorption capacity of AC. The schematic diagram
for the process of preparing AC is depicted in Scheme 1. All these steps
were done in triplicate to obtain the statistical data.

2.3. Ultimate and proximate analysis of the prepared activated carbon

SEM with cold emission (UHR FESEM Hitachi SU8020) evaluated AC
morphologies. LECO Corporation elemental analyzers analyzed acti-
vated carbons’ elemental composition. The AC-1, AC-2, and AC-3 sam-
ples were proximately analyzed in triplicate to assess pH, moisture, ash,
volatile matter, bulk density, and fixed carbon (Tounsadi et al., 2016;
Jagtoyen, 1996). For quantitative analysis, the pH, 0.5 g of each AC
powder sample and 100 mL of distilled water in triplicate were placed in
500 mL Erlenmeyer flasks was stirred for 60 min, followed by pH
measurement. For the moisture content, a 0.5 g AC sample was put into
pre-weighed crucibles, in triplicate and heated in an oven at 125 °C for
90 min. The crucible was left in the furnace for overnight to cool. After
cooling, the weight of the dried sample was measured. The same pro-
cedure was repeated for the AC-2 and AC-3 powders, respectively. Eq.
(3) was employed (Tounsadi et al., 2016).

i Material i
Raw material P ateria Washing and Moisture
(The seed pods) (Precursor size 1.0-1.5 mm) Drying
Gases
(HZI Co; COZ)

Distillate products

+«——— Carbonization

Activated carbon

Washing and
Drying
(0.1M HCI)

I—‘ Sieving

Impregnation

(10% H5PO,)

AC-1
50 um Ultimate analysis,
Proximate analysis,
AC-2 Porosity &
100 um Batch adsorption
AC-3 studies
200 pm

Scheme 1. The schematic diagram for preparation of activated carbon.



L.S. Daniel et al.

1 B—F
%Moisture content (M%) = % 3)

Where B = mass of crucible + original sample, F = mass of crucible +
dried sample and G = mass of empty crucible.

The ash content was estimated by placing 0.5 g of AC-1, AC-2 and
AC-3 powder into pre-weighed crucibles. The crucibles were heated in a
muffle furnace to 750 °C for 90 min. During this heating process, the
crucibles were left open. The crucibles were left to cool overnight and
weighed. The procedure was repeated three times to obtain an average
value. Eq. (4) was used to calculate the average ash content (Tounsadi
et al., 2016)

100(F — G)

%Ash content (A%) = B-0)

4

Where G = mass of empty crucible, B = mass of crucible + sample and F
= mass of crucible+ ash sample.

A known amount of AC-1 powder was placed in a conical crucible
with a lid to determine volatile matter content. It was then muffle-fired
for 7 min at 925 °C. The crucible was weighed after cooling overnight.
To get an average, it was carried out on three separate occasions. AC-2
and AC-3 powders were processed similarly. Eq. (5) (Tounsadi et al.,
2016) was employed for this purpose.

100[100(B — F) — M(B — G)

[(B— G)(100 — M) ®

%volatile matter on a dry basis (VM%) =

Where B = mass of crucible, lid and sample before heating, F = mass of
crucible, lid and contents after heating, G = mass of empty crucible & lid
and M% = percentage of moisture determined in Eq. (3) above.

The bulk density (BD) was estimated by determining the mass of the
measuring cylinder with and without 1 g of AC-1 powder sample in
triplicate using Eq. (6) (Tounsadi et al., 2016). AC-2 and AC-3 powders
were processed similarly.

BD—MZ?MI
v

(6)
Where M; = mass of measuring cylinder in grams, My = mass of
measuring cylinder + its contents and V = volume of the measuring
cylinder in liters.

Finally, the fixed carbon (FC) content was determined using Eq. (7)
(Tounsadi et al., 2016).

FC = 100-(M% + VM% + A%) @

2.4. Porosity study of the prepared AC based on iodine number
determination

Iodine number is the amount of iodine adsorbed by one gram of
adsorbent from a 0.10 M reference iodine solution when its equilibrium
iodine content is 0.02 M. Herein, the iodine number quantifies the
microporosity of activated carbon. A greater iodine number indicates
that the sample has greater microporosity. The standard procedure for
determining the iodine number of activated carbon is outlined in
ASTMD4607-94 (ASTM Standards, 2006). In a conical flask, 1 g of AC-1
powder was combined with 10 ml of 5 % of hydrochloric acid. The
activated carbon was wetted by agitating the solution until the carbon
was saturated. In a water bath, the mixture was heated for 30 s. After
cooling the vessel to room temperature, 100 ml of 0.10 M iodine solution
was added and gently shaken for 30 s. The liquid was filtered through
paper cartridges. The filtrate was collected in a clean beaker and titrated
until pale yellow against a 0.10 M sodium thiosulphate pentahydrate
solution. To determine the level of concentration, a 0.40 M starch in-
dicator was added, and titration continued until the blue color dissi-
pated. This was performed three times to determine the mean value. The
AC-2 and AC-3 granules, respectively, underwent the identical
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procedure.
2.5. Standard calibration curve for methylene blue

An inventory solution of methylene blue (MB) was prepared by
dissolving 1.2 g of methylene blue dye in 1000 mL of distilled water and
stirring it overnight with a magnetic stirrer to achieve uniformity. From
the inventory solution, different diluted solution with the following
concentrations: 1, 2, 3, 4, and 5 mg/L were prepared. The Eq. (8) was
used to determine the appropriate volumetric volume of the standard
working solution:

C]V] = C2V2 (8)

where C; is the concentration of the stock solution, V; is the volume to
be transferred from the stock solution, C, is the concentration of the
working standard solution and Vjis the volumetric volume of the
standard working solution. By determining the absorbance at 664 nm
wavelength using UV/Vis Spectrophotometer, a calibration standard
plot was created.

2.6. Effect of contact time

10 ml of Methylene blue solution of concentration of 250 mg/L was
taken in 3 different conical flasks, to which 0.01 g of AC-1, AC-2 and AC-
3 samples were added and shaken in a shaker at 115 rpm and 30 °C. The
experiment was repeated for three times. Samples were collected at
regular intervals for 1 h for 5 h and then after 24 h. The % absorbance at
664 nm was found out using a UV-spectrophotometer.

2.7. Batch adsorption experiments

Different concentrations of MB (10-250 mg/L) dye were prepared by
dissolving pure dyes with distilled water. 10 mL aliquots of the prepared
solutions were placed into five labeled 250 mL Erlenmeyer flasks,
respectively. In each flask, 0.01 g of AC-1 powder was added, sealed
with aluminum foil, and left to stand for 24 h at 30 + 1 °C. After that, 5
mL of suspension was withdrawn. At a wavelength of 664 nm (which is
the maximum absorption wavelength of MB), the absorbance of meth-
ylene blue was measured using a Tu-1901 UV/Vis spectrophotometer.
The calibration curve was utilized to determine the solution’s ultimate
dye concentration. The percentage (%) removal of MB was based on Eq.
(8) and adsorption capacity (Eq. (9)) as per the formula (Yaqubi et al.,
2021). All test runs were carried out in triplicates for the reproducibility
of the results. The same procedure was repeated for the AC-2 and AC-3
particles that had been sieved.

(Cu - Ct)

o

MB removed (%) = x 100 9)

() xV (10)

Adsorption Capacity (q,) (mg/g) =
where C, is the initial MB concentration at a time equal to zero of
contact time in mg/L, C, is the MB concentration at time t of the contact
time in mg/L, V is the volume of the MB solution in (L) and m is the mass
of the AC-1 added in grams. Equilibrium adsorption capacity, q. (mg/g),
is described by Eq. (11):

(Co - Ce)

Equilibrium adsorption capacity (q,) (mg/g) = xV (€8))

where C. is dye concentration at equilibrium. The other parameters are
described as above.

2.8. Adsorption kinetics

The kinetics of adsorption were studied at 30 °C. To comprehend the
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characteristics of the dye adsorption process on AC-3, pseudo-first/
second-order kinetic models have been used. The expression formula-
tions were represented by Egs. (12) and (13) (Yaqubi et al., 2021; Hung
et al., 2022; Al. Haddabi et al., 2015).

g =q.(1—e™) 12)
2
q kot
=45 1
U= gkt a3

kq (min~Y) is the first order rate constant, and ko (g.(mg.min)’l) is the
rate constant of pseudo-second-order kinetic model.

The intraparticle diffusion model is based on the theory proposed by
Morris and Weber, 1964 and is expressed in Eq. (14) as:

g =K'+ C 14)

Where K3 (mg/g min'/?) is the intraparticle diffusion rate constant and G
(mg/g) is a constant that gives an idea about the thickness of the
boundary layer. A value of C close to zero indicates that diffusion is the
only controlling step of the adsorption process.

2.9. Adsorption isotherms

Using the Langmuir and Freunlich isotherm models, equilibrium
data were analyzed. This is how the Langmuir isotherm model was
expressed (Ahmed and Dhedan, 2012):

_ (ImaxKL Ce

, = e 15
9 1+L.C, (15)

where Ce (mg/L) is the equilibrium concentration of dye; gqmax (mg/g)
is maximum monolayer adsorption capacity; K;, (L/mg) is Langmuir
equilibrium constant. The Langmuir isotherm model is investigated by
separation coefficient Ry, using Eq. (16) (Ahmed and Dhedan, 2012):

1

R=———
1+K.C,

(16)

where the adsorption is favorable if 0 < Ry, < 1, unfavorable if R, > 1,
linear if Ry, = 1 and irreversible if Ry, = 0.

The Freundlich equation for heterogeneous surface systems was
given by Eq. (8) (Ahmed and Dhedan, 2012):

q. = K;CY/"" a7

where Kr and n are Freundlich constants relating to the adsorption ca-
pacity and adsorption intensity, respectively. The magnitude of n gives
an indication of the favorability of the process as values of n > 1
represent favorable adsorption.

The Sips isotherm model (Sips, 1948). is a combination of the
Langmuir and Freundlich isotherm models and is expected to describe
heterogeneous surfaces more accurately. At low adsorbate concentra-
tions, the Sips isotherm approaches the Freundlich isotherm, whereas at
high concentrations, it approaches the Langmuir isotherm (Ahmed and
Dhedan, 2012). The model can be written as:

_ GnaxKs Ce] /m

1/ (18)
1+ K,C™

9e

Where qmax (mg/g) is the maximum amount of MB adsorbed per unit
mass of AC, Kg (L/mg)"/™ is Sips constant related to energy of adsorp-
tion, and parameter m could be regarded as the parameter character-
izing the system heterogeneity.
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100

>

Y

a Element Wi% W% Sigma

v
C 83.61 0.26
0 15.60 0.26

30 Na 021 0.03

Al 0.09 0.02
Si 0.13 0.02
Ca 0.10 0.02
Cu 0.26 0.05
Total 100.00 0.100

0 2 - 6 8 10 keV

Fig. 1. EDX spectrum and elemental analysis results (Table inset) of the pre-
pared AC.

3. Results and discussion

3.1. Percentage (%) yield, ultimate analysis and morphological properties
of prepared AC

The average AC production yield is 77.22 %. This result demon-
strates that the acacia seedpod is a lignocellulosic material with a high
cellulose content and a low lignin content, both of which are necessary
for the formation of AC. The high yield of AC could be attributed to the
H3PO4 as an impregnating reagent, where many carbons are removed as
CO, CHy, CO3 and tar during the carbonization stage (Rashed, 2013).

Ultimate analysis results of the produced AC from A. erioloba seed-
pods with H3PO4 as the impregnating agent are presented in Fig. 1
(Fig. 1). EDX data highlight that the AC has a negligible number of
metals such as Al, Si and Ca (> 0.13 %), low Cu and Na (>0.26 %)
content with a high carbon (83.61 %) and oxygen (15.60 %) contents.
Hence, from the EDX it shows carbon as the dominant element among
other elements. These results are comparable to some work on AC from
A. erioloba seedpods using H,SO4 as an impregnating agent in which
carbon content (82.09 %) was reported (Rahman et al., 2019). The
elevated oxygen content of AC is a consequence of H3PO4 oxidation on
the structure during heat treatment (Lupul et al., 2015).

SEM examined the AC’s external and internal surfaces. Fig. 2 shows
the resultant H3POjy-activated carbon microscope images.

The porous surface of the material is observable at higher magnifi-
cation. The (a) and (b) SEM images show the pores in the micrometer
diameter range. The material has a highly developed internal surface
area and porosity, as well as a coarse texture and random cavities. These
cavities are mesoporous according to IUPAC (Baig and Gul, 2021)
standards and were the result of H3PO4 molecules evaporating during
carbonization, leaving the spaces previously occupied by HsPO4 on the
surface of AC, which leads to the formation of a porous, sponge-like
material (Sher et al., 2020). On the surface of the AC, white particu-
lates and impurities have formed due to the presence of H3PO4. This
suggests that the acid introduced fissures to the surface of AC, resulting
in a greater surface area (Molina-Sabio and Rodriguez-Reinoso, 2004).

The BET method was employed to study the specific surface area
(Sger), the pore volume and the pore size, which reflect 387 m2/g,
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Fig. 2. SEM images of the (a) external and (b) internal of the prepared AC.

Table 2
Comparison of surface area, pore volume and pore size of produced AC to other
studies with their activating agents.

Table 3
The pH, moisture content, ash content, volatile matter, bulks density and fixed
carbon of the prepared AC.

Adsorbent Activation SgET Pore Pore References
agent (m?/ volume size
2) em®/g nm
Activated H3PO4 387 0.208 1.76 This study
A. erioloba AC-
500 °C/1 h)
Activated H,SO04 362 0.040 39.58 Rahman
A. erioloba seed et al., 2019
pods (AC-
600 °C/1 h)
“CAC (Filtrasorb - 944 0.600 - Saleem
®-400) et al., 2017
"QAC-400 - 400 - - Saleem
et al., 2017

 Calgon Carbon Corporation, Pennsylvania, 15205 USA.
b Quantum Active Carbon Pvt. Limited (2016).

0.2081 cmg/g, and 1.76 nm, respectively. The Sggr agrees with most of
the AC prepared by chemical activation (Rahman et al., 2019; 47; ASTM
Standards, 2006). As adopted from the report of Udayakumar et al.
(2021), the prepared AC powder in this study is microporous to meso-
porous. The activating agent employed in this research effectively
created well-developed pores leading to a large surface area and porous
structure compared to HzSO4 that we reported previously (Rahman
et al., 2019). It is known that H3PO4 develop large mesopores and
macropores. KOH can only modify the microporosity to more hetero-
geneous micropores (Rivera-Utrilla et al., 2011). By comparing Sggr of
prepared AC with the Sggr properties of two commercially available AC
(Filtrasorb ®-400 and QAC-400) (Saleem et al., 2017) and AC Sggr in-
formation available in literature (A. erioloba seedpods with HoSO4 heat
treated at 600 °C) (Rahman et al., 2019) are presented in Table 2.
Utilizing the BET method, the specific surface area (Sggr), pore vol-
ume, and pore dimension were determined to be 387 m%/g, 0.2081 cm®/
g, and 1.76 nm, respectively. The Spgr concurs with most of the AC
produced through chemical activation (Rahman et al., 2019; ASTM
Standards, 2006). The AC granules produced via chemical activation
have microporous to mesoporous [48]. The activating agent utilized in
this study successfully generated well-developed mesopores, resulting in
a large surface area and porous structure compared to HySO4 (Rahman
etal., 2019). It is understood that H3PO4 forms enormous mesopores and

Determinant AC-1 AC-2 AC-3

pH 8.8 8.56 8.50
% Moisture content 23.24 21.62 22.31
% Ash content 27.10 22.80 24.01
% Volatile content 21.50 22.85 22.50
% Fixed carbon 32.16 32.73 31.18

macropores (Lupul et al., 2015). Whereas KOH can only alter the
microporosity to make it more heterogeneous (Saleem et al., 2017).

The AC’s BET-surface area matches the results. Higher surface area
means more adsorption platforms. AC shows higher adsorption capacity
compared to AC prepared using the same precursor (A. erioloba seed
pods) but changed the activation agent to HoSO4 (Rahman et al., 2019).
BET-surface area is 40.1 % of CAC (Filtrasorb ®-400) (Saleem et al.,
2017) and more than any other ACs (Rahman et al., 2019). Similar
trends were observed in the obtained pore volume, which was approx-
imately 35 % of CAC (Filtrasorb®-400) and greater than those of ACs
(Rahman et al., 2019). H3PO4 dehydrates better than HySO4 due to its
activation method. This suggests that the produced AC is a realistic
adsorbent, therefore local seed pods can meet the expanding demand for
AC.

3.2. Proximate analysis of prepared AC sieved at a different size

For the proximate analysis, the prepared AC was sieved into various
sizes, 50, 100 and 200 pm. The pH and percentages for moisture content,
ash content, volatile matter, bulk density and fixed carbon of the pro-
duced AC-1, AC-2 and AC-3 are tabulated in Table 3.

Generally, the value of the power of hydrogen (pH) is one of the
essential properties of an adsorbent that indicates its acidity/basicity of
it and determines whether AC will develop a surface charge when sub-
merged in an aqueous solution with a specific functional group. The
prepared AC’s pH indicates to be a weak basicity with a pH range of
8.5—8.8. The surface basicity of AC facilitates the adsorption of organic
matter such as MB (Rivera-Utrilla et al., 2011).

For the produced AC-1, AC-2 and AC-3 samples, the moisture content
was 23.24, 21.62 and 22.31 %, respectively. The moisture is due to
various irregular porous characteristics (see SEM images Fig. 3), which
can hold the water within. AC, with a large surface area and pore
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Fig. 3. Calibration plot for absorbance vs concentration (mg/L).

volume, will always adsorb moisture from the air unless preserved in
airtight containers. AC-1, which has a 50 pm particle size, has the
highest moisture content compared to other powders and a large surface
area.

The ash content values represent the inorganic composition of the
AC, thereby improving its hydrophilic qualities during the AC’s regen-
eration due to catalytic actions. The ash content of the produced AC-1,
AC-2 and AC-3 samples are 27.10, 22.80, and 24.01 %, respectively.
High ash content could be due to the less efficient removal of impurities
during the chemical activation followed by the pyrolysis of raw mate-
rials (Rahman et al., 2019). Generally, ash content above 10 % exhibits a
larger surface area than low ash content (Zhang et al., 2020).

For the produced AC-1, AC-2 and AC-3 samples, the volatile content
was 21.50, 22.85, and 22.50 %, respectively. For the produced AC
samples, there is no significant difference between the volatile matters
since all the carbon materials employed in this research were impreg-
nated with 10 % of phosphoric acid. It is well known that as the per-
centage of activating agents increases, volatiles evaporate from the
sample and yield decreases (Rivera-Utrilla et al., 2011). Usually, the
volatile value of the samples generated from acacia plant materials is
approximately 35 % (Rahman et al., 2019). The lower value of volatile
% experienced in this project could be due to the decrease in holding
time. The gasification time was 1 h. Increased adsorption time may
result in the destruction of pore walls due to the increased evaporation
of volatiles. Consequently, promote the widening of the micropores and
converts them into mesopores (Liou, 2010; Hu et al., 2008).

Fixed carbon is the amount of non-volatile carbon remaining in a
carbonaceous sample. The fixed carbon for the produced AC-1, AC-2 and
AC-3 samples are 32.16, 32.73 and 31.18 %, respectively. Approxi-
mately 32 % of the prepared AC can be burned into a solid state, which is
indeed beneficial to produce a higher yield of AC.

The bulk density provides insight into the floatability of the material.
The bulk density for the produced AC-1, AC-2 and AC-3 samples are

o 5 6

Table 4

Comparison of iodine number of prepared AC to another study with their acti-

vating agents.

Adsorbent Activation Todine R? R References
agent number
(mg/g)
Activated H3PO,4 AC-1 = AC-1 AC-1 This study
A. erioloba 576 + 2.6 = =
seed pods 0.643 0.286
(AC-500/1 h) AC-2 = AC-2 AC-2
670 + 2.4 = =
0.583 0.164
AC-3 = AC-3 AC-3
662 + 2.9 = =
0.642 0.285
Activated H,S04 AC-1 = AC-1 AC-1 Rahman
A. erioloba 528 + 2.9 = = et al., 2019
seed pods 0.629 0.219
(AC-600/1 h) AC-2 = AC-2 AC-2
638 + 3.1 = =
0.695 0.299
AC-3 = AC-3 AC-3
554 + 2.4 = =
0.358 0.198

0.58, 0.56, and 0.49 %, respectively, which means the activated carbon,
will float in water, resulting in poor contact with the adsorbent, thereby
consequence to a compromised adsorption process.

3.3. Iodine number and number of pores of prepared AC

The iodine and MB indices were employed to estimate the micro-
porosity and mesoporosity of the prepared ACs. The iodine number of
prepared AC is presented in Table 4 and is compared with a study that
used the same materials and procedure (Rahman et al., 2019), but
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Fig. 4. Effect of adsorbent particle size (contact time 24 h, pH 7, tempera-
ture 30 °C).

changed only the impregnating agent to HoSO4.

Table 2 illustrates that the greatest iodine number is 670 mg/g for
AC-2 sample generated using H3PO4. AC sucks out the 670 mg/g volume
of impurities, which means the number of pores depends on the AC
granule size and the impregnating agent employed. The other factor
could be the preparation conditions (activation temperature, for
example). It is well reported that the iodine number decreases with
higher pyrolysis temperatures (> 500 °C) (Esfandiari et al., 2012). The
AC samples prepared using HySO4 were heat treated at 600 °C. The
iodine number enhanced with increased activation temperature
(Shaarani and Hameed, 2011). To validate the adequacy of the results,
however, an ANOVA with a 95 % level of confidence was utilized. The
variance analysis (ANOVA) tables containing the approximated iodine
count are included in the appendix (Tables A1-A3). According to the
ANOVA results, the equations did not sufficiently represent the corre-
lation between each response and the significant data. This is also
evident from the adjusted R? values in Table 2, which are far from 1,
compared to the unadjusted values. Carbonization, activation, and
impregnation temperatures lower the iodine number (Esfandiari et al.,
2012).

3.4. Adsorption studies of prepared ACs

3.4.1. The calibration curve of methylene blue dye

Analyzing methylene blue in various solutions prior to and after
adsorption is crucial for the adsorption study. The calibration curve of
methylene blue dye was obtained at 664 nm is shown in Fig. 3 and was
used for determining the concentration of dye in the solution at different
MB concentrations after 24 h incubation.

The standard calibration curve depicts the linear relationship be-
tween the standard concentration of MB and the peak absorbance at 664
nm. The optical density = 0.193* concentration and R? = 0.998. The
equilibrium concentration at time ‘t’ was found by dividing the absor-
bance by the slope (Ce = (remaining concentration)/ (0.193)). The fact
that the regression coefficient is >0.9 (R? = 0.998) indicates an
outstanding linear fit in the concentration range considered initially.
The Influence of contact time on dye removal by AC-3 is tabulated in
Table A3.

3.4.2. The effect of initial dye concentration on the particles size of
adsorbent

The adsorption properties of three samples, AC-1, AC-2, and AC-3,
with particle sizes of 50 pm, 100 pm, and 200 pm, respectively, were
compared based on their capacity to remove MB color compounds from
aqueous solutions. The experiment was conducted for 24 h at varying
MB concentrations (10, 25, 50, 100, and 250 mg/L) while maintaining
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Fig. 5. Effect of contact time on the biosorption of MB onto AC-3.
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Fig. 6. Effect of contact time on MB adsorbed amount at 250 mg/L initial
concentrations.
(dose = 0.01 g AC-3 in a 10 mL solution, pH = 7 at 30 °C).

constant pH (7.0) and temperature (30 °C). As shown in Fig. 4, the rate
of MB removal decreases as the initial concentration of MB increases. At
high concentrations, increased competition for sorption surface sites
results in increased sorption rates. As anticipated, there is a trade-off
between MB adsorption conversion and initial MB concentration.
When the initial concentration of dye is increased, increasingly more
molecules are absorbed by the surface of AC. Since the large quantity of
adsorbed dye prevents direct contact with the pores of the adsorbent,
this may have an inhibiting effect on dye adsorption. The MB concen-
tration is reduced after 24 h, resulting in 99.9 % adsorption by all sizes of
AC at low initial MB concentrations (10 mg/L), and 98.89 % adsorption
at relatively higher initial MB concentrations (250 mg/L) of the dye
solution. This suggests that the initial pollutant concentration is the
dominant factor (Chen et al., 2022). The AC-3 sample removes the most
MB at all concentrations, followed by AC-2 and then by AC-1. Conse-
quently, the AC-3 sample was chosen for further testing.
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Fig. 7. (a) Pseudo-first order kinetic and (b) pseudo-second order kinetic for MB adsorption on AC-3. (dose = 0.01 g AC-3 in a 10 mL solution, pH = 7 at 30 °C).
Symbols are experimental and lines are predicted data using respective kinetic models.

3.4.3. The effect of initial concentration of dye solution on the percentage
removal by AC-3 with contact time

The effect of initial concentration (250 mg/L) of dye solution on the
percentage removal was investigated at AC-3 dosage 0.01 g/10 ml of the
dye solution for adsorption period of 6 h. The result is shown in Fig. 5.
The removal of dye by adsorption onto AC was found to be rapid at the
initial period of contact time, and then to become slow with the increase
of contact time. Fast diffusion onto the external surface was followed by
fast pore diffusion into the intraparticle matrix to attain rapid equilib-
rium (Hung et al., 2022).

3.4.4. The adsorption capacity of AC-3

Fig. 6 illustrates the investigation of the effect of contact time on the
adsorption capacity of AC-3 for MB at 250 mg/L. This graph demon-
strates that the quantity of MB adsorbed increases with increasing
contact time, and equilibrium was reached in approximately 2h. Ata2h
contact time, 7 pH value, and 0.01 g/10 mL adsorbent dose, the maximal
adsorbed quantity (qe) is 249.67 mg/g. This figure also indicates that a
rapid increase in the quantity of MB absorbed occurs within the first
hour. Because the force to transport MB ions is strong and the surface
area of the particles and active sites are available for adsorption (Aroua
et al., 2008), initial adsorption can occur rapidly. This phenomenon can
be explained by the presence of many unbound adsorption sites in the
initial phase, which facilitates the adsorption of dye molecules. When
there are no available sites for adsorption, the dye molecules that are
already on the AC surface repel the ones remaining in the solution (Hung
et al., 2022; Yao et al., 2011), which makes the adsorption process
slower.

3.4.5. Adsorption kinetics

To investigate the kinetics of the adsorption of 250 mg/L of initial
MB dye onto 0.01 g of AC-3 in a 10 mL solution. The experimental ki-
netic data for MB adsorption on AC are fitted with pseudo-first order,
pseudo-second order models, Egs. (12)-(13), and presented in Fig. 7(a)
and (b), respectively (El-Shafey et al., 2016; Yaqubi et al., 2021; Saleem
et al., 2017; Al. Haddabi et al., 2015). Table 3 presents the calculated
constants of the three isotherm equations and R? values at an initial MB
concentration of 250 mg/L. As shown in Table 3, the R? values of the
linear plot of Ln(qe-qy) versus t (Fig. 7(a)) for pseudo-first order equation
is low. This indicates a significant disparity between the experimental
and calculated adsorption capacities, indicating an inadequate pseudo-
first order fit to the experimental data. Table 3 displays high R? values
for the linear plot of t/q; versus t (Fig. 7(b)) for the pseudo-second order

Table 5
Kinetic parameters for MB adsorption on AC at 30 °C (dose = 0.01 g AC-3ina 10
mL solution, pH = 7).

Kinetic model Co Q,exp Qical (mg/  K; (1/min) Rf‘dj
(mg/L)  (mg/g) g
Pseudo-first 250 249.67 5.232 —~0.0166 0.48879
order
K, (1/min)
Pseudo-second 250 249.67 250 0.142 0.99999
order
C (mg/g) K3 (mg/g
min'/?)
Intraparticle 250 249.67 203.609 28.974 0.42401
diffusion
250 (IR N n
| ] .‘_“t"
4" Experimental dat points
240 - Intra-particles diffution model
—~ 230
>
(<2 Model NonlinearlntraParticle
E, 2204 S Equation Kdiff‘sqrt(t)+C
(=2 s Plot qt
Kdiff 28.97417 + 9.6062
2101 - C 203.60912 + 12.254
Reduced 186.94825
i R-Square 0.47637
200 - Adj. R-Squ 0.42401
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Fig. 8. Intraparticle diffusion plot for MB adsorption on AC-3 (dose = 0.01 g
AC-3 in a 10 mL solution, pH = 7 at 30 °C). Symbols are experimental and lines
are predicted data using intraparticle diffusion model.

equation. The pseudo-second order kinetic model more accurately rep-
resented the adsorption kinetics, and the calculated qe values (250 mg/
g) match the experimental qe values (249.67 mg/g) (Table 5). The
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Fig. 9. Relationship between equilibrium MB concentration and its adsorption on on AC-3 (dose = 0.01 g AC-3 in a 10 mL solution, pH = 7 at 30 °C). Symbols are

experimental and lines are predicted data using isotherm models.

observed data suggests that the adsorption of MB on AC can be described
by a second-order kinetic model. During the research about MB ab-
sorption, Banat came across a fascinating discovery. They discovered a
result that can be compared to their previous research on activated
carbon from date stones, which was produced through physical activa-
tion using CO (Banat et al., 2003). Ahmed and Dhedan (2012)
discovered a comparable result while studying the adsorption of MB on
date stone-derived activated carbon. As a means of chemical activation,
zinc chloride was employed. The availability of adsorption sites, and not
the concentration of dyes in solution, is the primary factor determining
the adsorption rate (Tseng et al., 2006). Consequently, there were no
statistically significant differences in the MB removal rate across con-
centrations. All removal rates of MB were higher than 98 % in Fig. 5.
The low values of R? (Table 3) for the nonlinear plot of q; versus /2
in Fig. 8 for the intraparticle diffusion model, calculated using Eq. (14),
indicate that this model could not adequately fit the experimental ki-
netic data. This result is also consistent with other investigations (Hung
et al., 2022; Ahmed and Dhedan, 2012) on the elimination of MB.
Nevertheless, the intraparticle diffusion model can provide additional
information regarding the diffusion mechanism and rate control stages

10

(Chen et al., 2022). As depicted in Fig. 8, the curves of q; on t/? contain
three linear segments, implying three MB adsorption processes by AC. In
general, these three phases could be described as external diffusion,
internal diffusion, and equilibrium (Wang et al., 2018). The initial stage
is external diffusion, where the slope is steep and surface MB molecules
diffuse from the solution system to the outer surface of AC molecules
(Zhang et al., 2019). In the second stage, the MB molecules penetrate the
AC molecules and bind to the internal active sites (Yu et al., 2020). The
third stage is the equilibrium stage, in which the adsorption of MB
molecules on AC decreases or even stops (Yang et al., 2020; Li et al.,
2019). This may be a result of the decline in AC active sites. The con-
centration of residual MB is low, or electrostatic repulsion is increased
(Chen et al., 2022). There are both physical and chemical adsorption
processes occurring.

3.4.6. MB adsorption isotherms

The Sips model is an enhancement of the Langmuir and Freundlich
models, and it possesses their characteristics (Serafin and Dziejarski,
2023). The experimental equilibrium data for MB adsorption on AC-3
are fitted with the Langmuir (Al. Haddabi et al., 2015; Li et al., 2019),
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Table 6 Table 8
Isotherm parameters for 250 ml initial concentration of MB adsorption on AC at Langmuir of prepared AC compared to other studies.
30 °C (dose = 0.01 g/10 mL, pH = 7, time = 24 h). Adsorbent Activation Sttangmain References
Isothermal model Parameters AC-3 (200 pm) agents (m%/g)
Langmuir Qmax (Mg/) 95.420 Activated A. erioloba seed H3PO4 AC-1 =620 This study
Ky, (L/mg) 0.183 pods (AC-500 °C/1 h) + 5.0
Ry 0.001 AC-2 =592
R? 0.924 +26
Freundlich n 1.144 AC-3 =632
Kp(mg/g)(L/mg)"™) 643.16 +3.6
RrR? 0.904 Activated A. erioloba seed H,SO4 AC-1 =617 Rahman et al.,
Sips qmax (mg/g) 172,828.117 pods (AC-600 °C/1 h) +4.1 2019
Ks ((L/mg)""™) 0.036 AC-2 =62 +
M 1.362 3.6
R? 0.994 AC-3 = 164
+2.9
Table 7 authors (Jang et al., 2019; Ahmed and Dhedan, 2012; Wang et al., 2018)

Comparison of MB maximum adsorption capacity (qmax) of onto activated car-
bon prepared from various precursors.

The precursor of AC Maximum adsorption Ref.
(activator) capacity (mg/g)
Acacia erioloba seedpods 95.42 This study
(H3PO4)
Corncob-activated carbon 0.84 Tseng et al., 2006
Acacia erioloba seedpods 1.48 Rahman et al., 2019
(H2S04)
Hazelnut shell 8.82 Aygiin et al., 2003
Olive stones 22.10 Alaya et al., 2000
Waste apricot 102.00 Ahmed and Dhedan,
2012
Groundnut shell 164.90 Kannan and
Sundaram, 2001
Commercial (Riedel DeHaén; 199.60 Djilani et al., 2015
item No.18001)
Banana trunk waste-AC 227.27 Danish et al., 2018
Coffee husk 263.00 Oliveira et al., 2009
Oil palm fiber 277.78 Tan et al., 2007
Waste Elaeagnus stone 288.18 Gecgel et al., 2016
Pineapple waste 288.34 Mahamad et al.,
2015
Durian shell 289.26 Chandra et al., 2007
Rattan sawdust 294.14 Hameed et al., 2007
Date stones 398.19 Ahmed and Dhedan,
2012
Peach stones 412.00 Attia et al., 2008
Vetiver roots 423.00 Altenor et al., 2009
Coconut husk 434.78 Tan et al., 2008
Bamboo 454.20 Doan (2023)
Longan seed 502.84 Hung et al., 2022
Sludge/coconut shell 602.80 Yang et al., 2019

Freundlich (Al. Haddabi et al., 2015), and Sips (Serafin and Dziejarski,
2023), using Egs. (13), (14), and (15), respectively are plotted in Fig. 9.
Table 6 presents the calculated parameters of the three isotherm equa-
tions along with their R? values.

Table 6 shows that for Langmuir isotherm, the value of separation
factor (Ry) is less than one which favors the adsorption phenomenon
(Itodo et al., 2010a, 2010b). This can also be concluded from the
Freundlich model fitting results. The magnitude of the exponent, 1/n =
0.874, gives an indication of the favorability of adsorption. The
adsorption intensity value of n > 1 represents favorable adsorption
condition (Sivarajasekar and Baskar, 2014). This finding corresponds to
a monolayer adsorption. The Langmuir model fitted the experimental
data better than Freundlich model, indicating the adsorption of MB onto
AC tended to monolayer adsorption. The sips model is found to best
represent the equilibrium data with R? values of 0.994, suggesting the
heterogeneous surface adsorption of MB on AC. The R? values of the
three models descend in the order of: Sips > Langmuir > Freundlich. The
results revealed that the equilibrium data are fitted by the three-
parameter model rather than the two-parameter models. Several
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showed the successful prediction of MB adsorption isotherm data using
Sips isotherm as compared to Langmuir and Freundlich isotherms. This
may be due to the ability of Sips isotherm to predict wide adsorbate
concentration ranges. Therefore, the adsorption of AC by MB involves
physical and chemical processes, same as the conclusions drawn from
kinetic studies. Table 7 lists a comparison of MB adsorption capacity for
the prepared activated carbon with those obtained in the literature.

The surface area of AC was assessed further employing the Langmuir
isotherm method (Sivarajasekar and Baskar, 2014). and compared to
similar studies (Table 8). When HySOy4 is used for activation, the specific
surface areas of AC with different particle sizes show a remarkable dif-
ference, whereas such phenomenon is not observed when H3POy is used.
In the presence of H3POy, the surface area increased significantly due to
the small quantity of oxygen capabilities on the carbon surface, as
determined by elementary analysis, as compared to HySO4, which
concurrently degraded or partially destroyed the porous structure (El-
Hendawy, 2003). Moreover, HySO4 samples were treated at higher
temperature, 600 °C. Temperature treatment eradicated the surface’s
leftover oxidants (Qiao et al., 2002). This observation helps to under-
stand why the absorption capacity of activated A. erioloba seed pods
derived H3POy4 in this study was 90 folds higher than the activated
A. erioloba seed pods derived-H;SO4. Therefore, AC can be considered as
an efficient and low-cost alternative adsorbent for wastewater treat-
ment, especially for the removal of organic dyes in water.

4. Conclusions

In conclusion, the produced AC can be produced from A. erioloba
seedpods employing phosphoric acid as activating/impregnating agent.
Compared to activation using HoSO4, H3PO4 proves superior in gener-
ating well-developed pores, leading to a mesoporosity and micropo-
rosity structure with a larger surface area. The iodine number of the
produced AC was higher. The adsorption of MB on new AC material
better fits with Langmuir’s adsorption isotherm; hence, particles are
adsorbed on well-pronounced heterogeneous surfaces. The sips model is
found to best represent the equilibrium data with R? values of 0.994,
suggesting the heterogeneous surface adsorption of MB on AC. There-
fore, the adsorption of AC by MB involves physical and chemical pro-
cesses, same as the conclusions drawn from Kkinetic studies. AC is an
economical and eco-friendly green approach for wastewater treatment,
notably for those in water-scarce nations such as Namibia. Specifically,
the rising demand for activated carbon in Namibia can be met by pro-
ducing inexpensive activated carbon from easily obtainable garbage
materials, such as Acacia seedpods. The results suggest that adding
prepared AC with H3POy is better than using H2SO4 as activator to raw
water removes dissolved organic compounds. This results in a consid-
erable requirement for AC application in wastewater treatment. This
strategy will provide low-cost activated carbon and help with the bush
encroachment problem in Namibia. Finally, new design methods need
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additional research and development. New, promising AC materials
must be integrated at higher technological levels to validate large-scale
performance. ACs synthesis’ small-scale practicality and performance do
not guarantee reproducible upscaling.
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(10 mg) for Langmuir adsorption isotherm, Table D2. Isotherm data
for MB removal by AC-3 (10 mg) for Freundlich adsorption isotherm,
Table D3. Isotherm data for AC-3 for Sips adsorption isotherm and
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