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Comparative Analysis of Bamboo-based (Bambusa
vulgaris) Activated Carbon produced through
Trioxonitrate (V) Acid and Potassium Hydroxide
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ABSTRACT: Activated carbon (AC) is one of the numerous cost-effective inputs for treating wastewater in an
efficient and cost-effective manner, and several materials have been used to produce AC with diverse results. One
such material with a large potential is African Bamboo (Bambusa vulgaris), especially due to its availability. In this
study, bamboo was carbonized and then activated using trioxonitrate (V) acid (HNOs) and potassium hydroxide (KOH)
as activating agents. The AC was characterized using Fourier Transform Infrared Spectroscopy (FTIR) and Scanning
Electron Microscopy (SEM) technologies at 50 wm, 80 um, 100 wm, and 200 um magnification. The SEM imagery
results at 50 pum and 1500x magnification showed that the AC produced using KOH had the largest and most well-
developed pore spaces hence maximum capacity to absorb contaminants compared to HNO3's AC and inactivated
carbonated charcoal. The FTIR spectra peak analysis results also confirmed that KOH's AC had the highest number

of functional groups on its surface and, therefore, enhanced its adsorption capacity.
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I INTRODUCTION

Bamboo is a potentially renewable biomass resource which
can be converted into bio-fuels and bio-chemicals by
thermochemical conversion technology (Ma et al, 2019) it
belongs to the family (Gramineae, subfamily Bambusoideae)
and has over 1200 species worldwide sitting on approximately
22 million ha bamboo forest areas globally (Zhou, 1998). The
two commonest species of Bamboo in Nigeria are Bambusa
vulgaris and Oxystenanthera abyssynica. Bambusa vulgaris
attains an average height of between 14-20 meters in 4 to 8
years at maturity. Oxystenanthera abyssynica reaches between
8-12 meters at maturity (Omiyale, 2013). Bambusa vulgaris
grows in a wild forest region and nearby streams in Nigeria and
is abundant in the Niger Delta region (Awoyale et al 2013).
Bamboo's specific gravity and mechanical strength are
considered as its assets, making it a sort of renewable organic
resource for sustainable development. Bamboo can undergo
chemical processing methods which include distilling from
bamboo leaves and the pyrolysis of bamboo to get bamboo
charcoal and bamboo vinegar (Jiang, 2004). The best time to
subject it to pyrolysis is during the 5th year or more of its
maturity period (ljaola et al, 2013). Charcoal from Bamboo,
therefore, is a micro-porous material with excellent adsorption
properties for its large specific surface area (Jiang, 2004) with
a high total pore volume distributed in the micropore range.
The extra-ordinary microstructure of the Bamboo helps to
purify water (ljaola et al, 2013) which makes Bamboo charcoal
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a potentially cheaper alternative adsorbent among many
carbon-based materials such as carbon nanotubes, graphene
and graphene oxide.

Globally, over 85% of wastewater released into the
environment is untreated and, the bulk of which is from Africa,
and contributing considerably to the degradation of water
quality (WWAP, 2017). The ineffective treatment, especially
in developing countries, may be attributed to a lack of financial
resources for the development of sophisticated treatment
facilities and techniques. Many important wastewater
treatment techniques such as reverse osmaosis, ion exchange,
electrodialysis, electrolysis, etc are found to be limited due to
their expensive operational cost, the high energy requirement
for the process, and toxic sludge generation which could
present treatment and disposal problem (Awoyale et al, 2013).
Low-cost techniques such as constructed wetland and
adsorption processes require low or no energy for their
operation. However, constructed wetlands are land-intensive
and clogging of the system may easily occur. With treatments
through adsorption, the process involves simple treatment
design, no sludge generation, and low capital intensity when
compared to other methods of wastewater treatment (Awoyale
et al, 2013). The adsorption process is the accumulation of
liquid or gas contaminants on the surface of a solid substrate.
The process is an environmentally friendly and effective
treatment option. Several biochar and activated carbons are
prepared from the cellulose fraction of some agricultural
wastes (linen, cotton and wheat) (Chouikhi et al, 2021).
Activated carbon (AC) is widely used as an adsorbent for this
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process due to its high adsorption capacity (Hirunpraditkoon et
al, 2011). Previous studies such as Ademiluyi et al, (2009) and
ljaola et al, (2013) remarked that AC is a good adsorbent with
an exceptional ability to capture water dissolved contaminants,
taste, odour, colour, and toxic pollutants. Its well-developed
porous structure and tremendous surface area make it
exceptional (Awoyale et al, 2013). Despite all these, the cost
of the process is relatively expensive while using commercially
available activated carbon. This challenge prompts more
research on the preparation of AC from cheap or zero-cost
starting materials such as agricultural products or by-products
such as olive stones, almond shells, apricot and peach stones,
maize cob, linseed straw, sawdust, rice hulls, cashew nut hull,
cashew nut sheath, coconut shells, and husks (Nam et al,
2018). Agricultural products such as eucalyptus bark, linseed
cake, tea waste ash, pecan shell, sugarcane bagasse, and
bamboo are useful by-products, considered an effective
alternative to the existing commercial AC. The adsorption
capacity of a pyrolyzed bamboo can further be enhanced by an
activation process which could either be a physical or chemical
process. In physical activation, the carbonized bamboo is
activated in the presence of air and activating gases such as
carbon dioxide and (steam) (Moreno-Castilla et al, 2011). For
chemical activation, several types of chemicals that may
include ZnCl,, HsPOs; HNOs, KOH, etc. are used as the
activating agent (Moreno-Castilla et al, 2011). Both
carbonization and activation processes occur simultaneously at
a lower temperature and a shorter time than in physical
activation. Chemical activation gives activated carbon a higher
specific surface area and much better-developed porosity than
physical activation (Hirunpraditkoon et al, 2011). The
structural characterization and surface morphology of AC can
be determined through different methods of analysis such as
Fourier Transform Infrared Spectroscopy (FTIR), Scanning
Electron Microscopy (SEM), X-ray fluorescence spectrometry
(XRF), X-Ray Diffraction (XRD) and these have been well
documented by Dutrow and Clark (2019) and Topare and Joshi
(2016).

The Physico-chemical properties of bamboo, along with
mechanical properties are perhaps the reason why bamboo has
gained more global attention as major material for the
production of AC rather than wood. The objective of this study,
was to produce charcoal from bamboo (Bambusa vulgaris),
activate the charcoal using trioxonitrate (V) acid (HNOs3) and
potassium hydroxide (KOH) and characterize the activated
carbon through Fourier Transform Infrared Spectroscopy
(FTIR) and Scanning Electron Microscopy (SEM) methods.

II. METHODOLOGY

A.  Production of Activated Carbon

Bamboo stems were harvested from the Federal College of
Agriculture Akure, Akure, Nigeria (Latitude 7.30 °N and
Longitude 5.14 °E). The city has a tropical humid climate with
two distinct seasons, a relatively dry season from November -
March and a rainy season from April - October. Average
annual rainfall ranges from 1405 to 2400 mm while
atmospheric temperature ranges from 28 °C to 31°C with a
mean annual relative humidity of about 80% in April when the
rainy season begins. Akure is about 351 m above mean sea

level with an area of about 2,303 km?, situated within the
western upland area (Akinbile et al, 2016).

The freshly harvested stems, resized into smaller pieces
(averaging 4 cm x 4 cm) before the commencement of
carbonization. The carbonization process was carried out at a
temperature ranging from 260 °C to 300 °C in a muffle furnace
resulting in the formation of non-volatile carbon using the
procedure outlined in Zhou (1998), and the product was
allowed to cool at room temperature. The carbonized bamboo
was then divided into three to create a 3-variable experiment.
One sample was left untreated as the control experiment
(inactivated carbon) while the remaining two samples were
activated with 0.4 M of KOH and 0.4 M of HNO3 respectively
following standard procedure. All the samples were
characterized using Fourier Transfer Infrared Spectroscopy
(FTIR) and Scanning Electronic Microscope (SEM) to identify
the chemical functionality and surface physical morphology.

B. Fourier Transfer Infrared Spectroscopy (FTIR)

The FTIR spectroscopy was initially used for qualitative
and quantitative analysis of organic compounds by providing
specific information on molecular structure, chemical bonding,
and molecular environment (Gerwert and Kotting, 2010) but it
is now used on solids, liquids, or gases to identify their
functional groups by obtaining an infrared spectrum of
absorption or emission from such material. In identifying
functional groups in the three adsorbents, the activated
carbonated charcoal, HNO3 AC, and KOH AC, were measured
in a range of 4000 to 400 cm™ using potassium chloride disks
containing 1% finely granule samples on a Nicolet 550 FTIR
spectrometer (Thermostatic Nicolet. Waltham, Ma, USA). The
FTIR investigated the vibration of molecules and polar bonds
between the different atoms, types of bonds, and functional
groups.

C. Scanning Electronic Microscopy (SEM)

The surface morphology of the adsorbents was identified
using the Phenon Prox Scanning Electronic Microscopy
(SEM) machine. The samples were sprinkled on the sample
stub laid with double adhesive and moved to a sputter coater
(quorum-Q150R plus E) with 5nm of gold, placed on a charge
reduction sample holder, and introduced into the column of the
SEM machine. This process was repeated for the different
adsorbents and during the process of identification, a high-
energy electron beam was allowed to scan across the surface
of all the adsorbents. While the scanning process was on,
interactions between the samples and electron beam resulted in
different types of electron signals being emitted on the
sample's surface. These electronic signals were collected,
processed, and translated as pixels on a monitor to form an
image of the samples' surface.

D. Analysis of Data
Results obtained were subjected to statistical analysis using
the SPSS version 16 for descriptive analysis, analysis of
variance (ANOVA) and the post hoc test with Least Significant
Difference (LSD), and Duncan Multiple Range Test at a 95%
level of significance.
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IIl.  RESULTS AND DISCUSSION
The characterization of three adsorbents (inactivated
carbonized charcoal, HNO3;, AC and KOH AC) was
characterized using Fourier Transform Infrared Spectroscopy
(FTIR) and Scanning Electronic Microscope (SEM)
techniques.

A. Adsorbents’ characterization using Fourier Transform

Infrared Spectroscopy (FTIR)

The spectra profile and relative intensity of infrared (IR)
bands for both the inactivated carbon and the activated carbons
are shown in Figures 1 through 3. The spectra interpretation of
the functional groups found to be present in the samples were
presented in Table 1.

The FTIR spectra peaks of bamboo charcoal bits which was
carbonated at 300°C (Figure 1) were 3388.2 cm™, 3364.8 cm™?,
2122.7 cm, 1619.5 cm?, 1507.7 cm, 1541.3 cm™, 1436.9
cm?t 1364.2 cm*and 1084.7 cm™. These bands were classified
into seven absorption bands 3570-3320 cm™ (O-H stretch of
Hydroxyl group), 2140-2100 cm™* (Terminal alkyl
monosubstituted), 1650-1600 cm™ (Conjugated ketone
stretch), 1555-1485 cm™ (Aromatic Nitro compounds), 1470-
1430 cm? (Methyl C-H bend), 1380-1350 cm™ (Aliphatic
Nitro compound Stretch) and 1140-1070 cm? (Alkyl
substituted ether C-O stretch) as explained by Coates (2000)
and further confirmed by Wang et al, (2020b). Broadband at
3570-3320 cm* with two peaks 3388.2 cm™ and 3364.8 cm
due to the absorption of water molecules as a result of an O-H
stretching mode of hydroxyl groups (Zhang et al, 2019). In the
2140-2100 cm?* frequency group, terminal alkyl mono-
substituted C=C was observed on the charcoal with a peak of
2122.7 cm™*. C=0 conjugated ketone stretch was observed at
the band 1650-1600 cm™* with a peak of 1619.5 cm™.

Table 1: Spectra interpretation of the functional groups present in the adsorbents produced with reference to standard adsorption bands

SIN Standard Adsorption bands (cm-1) Observed Adsorption bands in this study Interpretations based on Coates. (2000)
and corresponding functional group
Adapted from Coates. (2000)
Standard Adsorption bands in  Adsorption Adsorption  Interpretation
adsorption bands Functional carbonated charcoal ~ bands in bands in
(cm-1) groups (cm-1) HNO3 AC KOH AC
(cm-1) (cm-1)
1. 3570-3320 (Broad) O-H 3388.2 3328.5 Hydroxyl group, H bounded O-H stretch
3364.8
2. 3360-3310 N-H 3319.2 Aliphatic secondary amine N-H stretch
3. 2240-2220 C=N 2228.9 Aromatic Nitrile
4. 2140-2100 Cc=C 2122.7 2100.4 2107.8 Terminal alkyne mono substituted
5. 2150-1990 N=C=S 2018.4 Iso-thiocyanate stretch
6. 1725-1700 C=0 1718.3 1718.3 Carboxylic acid C=0 stretch (dimer)
7. 2000-1660 C-H 1919.6 1984.8 Aromatic C-H bend (overtone)
1941.9 1869.3
8. 1710-1685 C=0 1697.8 Conjugated acid stretch (dimer)
9. 1690-1675/ Cc=C 1619.5 1684.8 Quinone or conjugated ketone stretch
1650-1600
10. 1680-1630 1636.3 1654.9 Amide group
11. 1630-1575 N=N 1576.7 1578.5 Open- chain azo (-N=N-)
12. 1555-1485/ 1355- N=0 1507.7 1522.6 1507.7 Aromatic nitro compounds
1320 1541.3 1340 1522.6
1541.3
13. 1470-1430/ C-H 1436.9 1457.4 1436.9 Methyl C-H asym./sym. Bend
1380-1370 1375.4 1375.4
14. 1420-1410 C-H 1420.1 Vinyl C-H in plane bend
15. 1485-1445 C-H 1457.4 1459.3 Methylene C-H bend
1474.2
16. 1380-1350 N-O 1364.2 1094.0 Aliphatic nitro compound stretch
17. 1140-1070 C-0-C 1084.7 1105.2 Alkyl-substituted ether, C-O stretch
18. 1225-950 C-H 1209.5 1213.2 Aromatic C-H out-of-plane bend
19. 895-885 C=H 874.1 vinylidene C=H out-of-plane bend
20 890-820 C-0-0 855 Peroxide C-O-O stretch
21. 810-750 C=H 790.2 Aromatic C-H out-of-plane bend
810.7
22. 720-590 O-H 661.6 661.6 Alcohol, OH out-of-plane bend
682.1
23. 800-700 C-Cl 702.6 7455 Aliphatic chloro compounds C-C stretch
719.4

734.3
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Figure 1: Results of FTIR imaging for carbonated charcoal showing the spectral peaks A — E

The band at 1555- 1485 cm with two peaks 1507.7 cm™ and
1541.3 cm™* were assigned to aromatic nitro compounds. Peak
0f 1436.9 cm: 1364.2 cm*and 1084.7 cm™* ¢ within the bands
1470-1430 cm’, 1380-1350 cm™ and 1140-1070 cm™
respectively. These bands were assigned with Methyl C-H
bend, Aliphatic Nitro compound stretch, and Alkyl substituted
ether C-O stretch, functional groups, respectively and further
confirmed by Ma et al, (2019).

Figure 2 shows the spectra peaks of HNOj; activated
carbon spread across 18 absorption bands. A peak of 3319.2
cm was observed within a broad band of 3360-3310 cm that
was assigned with aliphatic secondary amine N-H stretch.
Small spectra bands like 2240-2220 cm™ (Aromatic Nitrile)
with 2228.9 cm? peak, 2140-2100 cm™ (terminal mono
substituted alkyne) with peak of 2100.4 cm™, and 1725-1700
cm* (Carboxylic acid C=0 stretch (dimer)) with 1718.3 cm™!
were also observed. At band 2000-1660 cm™ (Aromatic C-H
bend overtone), two peaks of 1919.6 cm™ and 1941.9 cmwere
observed.

Various narrow bands like 1725-1700 cm™ (Carboxylic acid
C=0 stretch dimer) with peak 1718.3 cm™, band 1710-1685
cm! (Conjugated acid stretch dimer) with peak 1697.8 cm™,
1690-1675/1650-1600 (Conjugated ketone stretch ) with peak
1684.8 cm™, 1680-1630 cm™ (Amide group) with peak 1636.3
cm?t, 1630-1575 cm? (Open-chain azo -N=N) with peak
1576.7cmt, 1470-1430 cm™ /1380-1370 cm™ (Methyl C-H
asym./sym. Bend) with peaks 1457.4 cm™ and 1375.4 cm?,
1225-950 cm™ (Aromatic C-H out-of-plane bend) with peak
1094.0 cm™ and 1209.5 cm?, spectra band 895-885 cm
(vinylidene C=H out-of-plane bend) with peak 874.1 cm™,
890-820 cm! (Peroxide C-O-O stretch) with peak 855 cm™,
810-750 cm (Aromatic C-H out-of-plane bend) with peaks
790.2 cm™ and 810.7 cm'?, 720-590 cm* (Alcohol, OH out-of-
plane bend) with peaks 661.6 cm™ and 682.1 cm* 800-700 cm
1 (Aliphatic chloro compounds C-C stretch) with three
absorption peaks of 702.6 cm™, 719.4 cm™ and 734.3 cm™ were
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Figure 2: Results of FTIR imaging for HNO3 Activated Carbon showing the spectral peaks A — E
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also observed. Medium spectra band 1555-1485 cm™/ 1355-
1320 cm™* with two peaks which were 1522.6 cm™ and 1340
cm* were equally observed which aligned with the findings of
Chouikhi et al, (2021) who reported that identical spectra band
with similar peaks were observed in their studies.

Figure 3 shows spectra peaks of KOH activated carbon
with the spectra bands grouped into 15 different bands. A
broadband 3570-3320 cm (Hydroxyl group, H bounded O-H
stretch) with 3328.5 cm™ was observed. The following bands
such as 2140-2100 cm™ (Terminal alkyne monosubstituted)
with a peak of 2107.8 cm™, 2150-1990 cm™ (Iso-thiocyanate
stretch) with peak 2018.4 cm™, 1725-1700 cm™ (Carboxylic
acid C=0 stretch (dimer)) with a peak of 1718.3 cm-%, 2000-
1660 cm™ (Aromatic C-H bend (overtone)) with peaks 1984.8
cm? and 1869.3 cm™, 1680-1630 cm™ (Amide group) with
1654.9 cm, 1630-1575 cm™ (Open- chain azo (-N=N-)) with
peak 1578.5 cm, 1555-1485 cm/ 1355-1320 cm™* (Aromatic
nitro compounds) with peaks. 1507.7 cm, 1522.6 cm™ and
1541.3 cm’, 1470-1430 cm™/1380-1370 cm™* (Methyl C-H
asym./sym. Bend) with peaks of 1436.9 cm* and 1375.4 cm,
1420-1410 cm* (Vinyl C-H in-plane bend) with peak 1420.1
cm?, 1485-1445 cm?® (Methylene C-H bend) with peaks
1459.3 cm? and 1474.2 cm?, 1140-1070 cm?® (Alkyl-
substituted ether, C-O stretch) with a peak of 1105.2 cm™,
1225-950 cm™* (Aromatic C-H out-of-plane bend) with a peak
of 1213.2 cm't, 800-700 cm* (Aliphatic chloro compounds C-
C stretch) with a peak of 745.5 cm™*and spectra band 720-590
cm! (Alcohol, OH out-of-plane bend) with a peak of 661.6 cm-
L. Moreover, the shifts and formation of new spectral on the
activated carbons concerning the five major absorption bands
(labeled A-E) on the charcoal (inactivated carbon) were
observed as follows. The spectra in the broad region of 3388.2
cm and 3364.6 cm™ on inactivated charcoal (A of Figure 1)
are related to the hydroxyl groups (—OH) that were shifted in
KOH AC with 3328.5 cm IR band (A of Figure 3).
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The HNO; AC also shifted to 3319.2 cm™ (A of Figure 2) but
with a new assigned functional group of aliphatic secondary
amine N-H stretch. Wang et al, (2020a) in their findings
documented that broad absorption bands in the region (3650
cm™ — 3250 cm™ may be dominated by hydroxyl or amino
groups but the presence of a nitrogenous base supports the
amino classification. IR spectra 2122.7 cm™, 2100.4cm™, and
2107.8 cm (B of Figures 1 through 3) with similar C=C
terminal alkyne mono substituted functional group was
observed in the three adsorbents respectively. A new peak was
formed at the 1984.8 cm™ regions on KOH-activated carbon
and was not prevalent on inactivated charcoal and HNO3; AC
(K* of Figure 3).

The peak shows the presence of an aromatic C-H bend
(overtone). However, new peaks with a similar functional
group were also noticed at 1919.6 cm™ (H*of Figure 2) and
1869.8 cm™ (K**of Figure 3) regions of HNO3 AC and KOH
AC respectively with no evidence of such group on carbonated
charcoal. The next major IR band is at region 1619.5 cmon
carbonated charcoal (C of Figure 1) with assigned group
Quinone or conjugated ketone of carbonyl group which was
shifted to region 1522.6 cm™* on HNO3 AC (C of Figure 2) and
1578.5 cm* on KOH AC (C of Figure 3). The modification of
the surface of these ACs gave assigned groups of the aromatic
nitro group and Open chain azo group (-N=N) respectively.
The IR band 1364.2 cm™* on carbonated charcoal (D of Figure
1) of the aliphatic nitro compound stretch functional group was
observed to have shifted on HNO3; and KOH AC with peaks
1340.0 cm* (D of Figure 2) and 1375.4 cm™ (D on Figure 3)
and assigned functional group of an aromatic nitro compound.
A new broadband 1213.2 cm™ (K*** in Figure 3) assigned to
the functional group of aromatic C-H out of plane bend was
formed on KOH AC without such a new formation on
carbonated charcoal and HNOs; AC. The last major band on
carbonated charcoal at region 1084.7 cm* with alkyl-
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Figure 3: Results of FTIR imaging for KOH Activated Carbon showing the spectral peaks A — E, as well as K*, K** and K***
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substituted ether functional group was shifted to region 1094.0
cm™ on HNO3 AC and 1105.2 cm™ on KOH AC with a similar
functional group.

From all the analyses and discussions of the FTIR results,
KOH AC (Figure 3) was found to have more functional groups
than both carbonated charcoal and HNO3; AC and this could
enhance its adsorption capacity. Khandaker et al, (2017)
remarked that the adsorption of cations in the chemisorption
process is generally enhanced by the existence of a higher
amount of acidic functional groups on the adsorbent. However,
the adsorbents were further subjected to a Scanning Electronic
Microscope (SEM) analysis for investigating their adsorption
capacities.

B. Adsorbents’ characterization using Scanning Electronic

Microscope (SEM)

The results of SEM imaging for the adsorbents at 300x,
500x, 1000x, and 1500x magnifications are shown in Figures
4 — 6 for carbonated charcoal (Figure 4a-d), HNOs's AC
(Figure 5a-d) and KOH's AC (Figure 6a-d).

In Figures 4a and 4b, the image shows distinct pore spaces
observed in inactivated charcoal. Although the pore spaces
were distinct, there was a poor visibility into the pore structure
and inference on adsorption capacity and pore cavity size.
However, for the 1000x (4c) and 1500x (4d) magnifications,
there are finer details on the pore sizes, as well as evidence of
the development of good pore structure and network. The pore
sizes rank quite small though with quite a few pore walls
collapsing, compared to the activated charcoal.

For the HNO3 AC, the pore network and structure were
better developed and were visible in the 300x and 500x
magnification of Figures 5a and 5b respectively. Also observed
are a few instances of pore walls collapsing in the image. A
magnified view (Figure 5¢ and 5d) however confirms large
pore spacing and size, and a well-distributed network and
microstructure attributable to the effects of the activation
process they underwent. Joshi et al, (2013) remarked that
activating agents generally influences topographical
characteristics of carbon surface especially the activated
agents’ surface area and porosity.

Figure 4a-d: Results of SEM imaging for Carbonated Charcoal at a. 300x, b. 500x, c. 1000x and d. 1500x magnification
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Figure 5a-d: Results of SEM imaging for HNO3 Activated Carbon at a. 300x, b. 500x, ¢. 1000x and d. 1500x magnification

Essentially, the presence of cavities increase the adsorption
capacity, total available surface area and pore volume. This
agrees with the findings of Nam et al, (2018) and Ilomuanya,
(2017) that adsorptive characteristics of adsorbents vary with
the physical characteristics such as internal total available
surface area and micro/meso/macro-pore volume of the
activated charcoal.

The surface of KOH-AC was observed to have well-
developed pores (Figure 6a-d), with very minimal pore wall
collapse. The higher magnification results in the latter images
(6¢, 6d) which showed well-developed longitudinal cavities,
inferring high adsorption capacity, total internal volume and
porosity. These well-developed pores are good potential for the
adsorption of contaminants from wastewater. Joshi et al,
(2013) suggested that with well-developed pores and cavities
on the adsorbent, there is a better possibility for adsorption into
the surface of the pores. Similarly, Mohan et al, (2007)
remarked that AC prepared by KOH activation is highly
microporous when compared to that produced through other
activating agents like ZnCl, or H3PO4. Hirunpraditkoon et al,
(2011) also noted that the use of KOH as an activating agent
enabled activated carbon with greater specific surface area and

pore volume relative to other activating agents.

Broadly, the low magnification imaging results and
characterization of the adsorbents revealed the presence of
pores on each adsorbent of various sizes. At 1500x
magnification, the image clearly showed widespread pores in
each of the samples showing the potential for all three
adsorbents to absorb contaminants from wastewater albeit with
differing capabilities. The HNO3z and KOH AC had coarse
rough surfaces, bigger pores, and cavities than inactivated
charcoal. The KOH AC however, showed the most desired
characteristics, and therefore was ranked as the best-activated
carbon to adsorb contaminants from the three treatments
explored.

IV. CONCLUSION
Bamboo charcoal is not only a great alternative for
wastewater treatment, Bamboo charcoal is environmentally
friendly, very useful in desalination processes and can help in
pH regulation (Li et al, 2019; Masykuri and Purwanto, 2019;
Ren et al, 2020) amongst others. The activation process
improves and imparts desirable properties for better adsorption
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Figure 6a-d: Results of SEM imaging for KOH Activated Carbon at a. 300x, b. 500x, c. 1000x and d. 1500x magnification

and purification such as functional group presence and pore
structure.

The differences in the number of spectra bands obtained
for the three samples were 7, 18, and 15 bands for the
inactivated bamboo charcoal, HNOs; activated bamboo
charcoal and KOH activated bamboo charcoal were clear
distinction of the activation processes which underscored the
advantage one had over the other. Although both AC samples
had more functional groups, the SEM characterization allowed
a deeper investigation into pore structure with details such as
pore size, pore-volume, and pore network. As observed, the
pore structure was generally better developed in the KOH AC
relative to all other samples. Specifically, there was a better
network in both KOH AC and HNO3; AC. However, the better
pore size such as diameter and pore volume of the KOH AC
created good microporous (widespread and interconnected)
structure giving it a clear advantage over the other two.

A synergy of both characterization indices shows that
KOH AC has a performance advantage based on the examined
properties. This translates to higher levels of adsorption and
success in treating select wastewater, suggesting that higher
removal efficiencies can be obtained at low cost using readily
available bamboo. This study however clearly establishes that

AC from bamboo has the desired characteristics for high
adsorption levels and is an efficient low-cost technology for
use in the waste-water treatment process.
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