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Abstract: Activated carbon was produced from banana empty fruit bunch (BEFB) and Delonix regia fruit pod (DRFP) through
single step chemical activation process. As both the lignocellulosic wastes showed maximum weight loss at temperatures lower than
500°C, they were carbonized at 450°C (BEFP) and 400°C (DRFP) respectively after impregnating with HsPO, and KOH. Highest
yield of 41.09% was recorded in DRFP treated with H3PO4 followed by other treatments. The KOH treated DRFP recorded
maximum bulk density of 0.46 g/ml followed by HsPO, treated DRFP. The BEFP carbons displayed lower attrition values than
DRFP carbons. While the HsPO, treated DRFP carbon sample showed higher surface area, the untreated DRFP registered higher
pore volume. However BET surface area was comparatively low in both the substrates. FT-IR analysis of H;PO4, KOH and untreated
carbon sample, though did not show much difference in surface functional groups, showed shifts in bands and changes in wave
numbers and absorbance between the untreated and treated samples indicating chemical transformations during pyrolysis. While
highest iodine removal was observed in KOH treated BEFP and DRFP samples, methylene blue reduction was high in H;PO,, KOH
and untreated BEFP carbon samples.
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1. Introduction

Activated carbon (AC) a tasteless, solid, microcrystalline,
non-graphitic form of black carbonaceous material with a porous
structure [1-2], has been regarded as a unique and versatile
adsorbent because of its extended surface area, microporous
structure, high adsorption capacity, and high degree of surface
reactivity [3-5]. AC is applied widely in a variety of fields such
as food and chemical industries, wastewater treatment, solvent
recovery, air pollution control and hydrometallurgy for the
recovery of gold and silver.

AC obtained from agricultural by-products has the
advantage of offering an effective, low cost replacement for
non-renewable coal-based granular activated carbons (GACs)
provided that they have similar or better adsorption efficiency
[6]. The abundance and availability of agricultural by-products
makes them good sources of raw materials for activated carbon
production [7]. In recent years, this has promoted a growing
research interest in the use of alternative waste materials from
industry and agriculture for activated carbon production [8-10].
Biomass waste including corn cob [11], coconut shell [12], palm
shell [13], apple pulp [14], chickpea husks [15], grain sorghum
[16], pistachio nut shell [17], jute fiber [18], olive stones and
walnut shell [19], cherry stones [20], coir pith [21], wild rose
seeds [22], rice bran [23], gopher plant [24], jackfruit shell
waste [9], oil palm shell [25], rubber tree seed coat [26], cotton
stalk [27], flamboyant [28], beach casuarina, lantana weed, tea
waste, sugarcane bagasse and empty oil palm fruit bunches [29],
Palmyra tree leaves, inflorescence and fruit nutshell waste [30]
have been found to be suitable precursors owing to their high
carbon and low ash contents [31-36]. Chemical activation of AC
has been reported as more advantageous over physical activation
due to higher yields, more surface area and better development
of porous structures in carbon [21,37-40]. In the present study,
we report the production of AC from Banana empty fruit
bunches (BEFP) and Delonix regia fruit pods (DRFP) using
HsPO, and KOH by one step pyrolysis and its characterization
for pore structure, surface area and surface chemistry and liquid
adsorption capacity.

2. Experimental

2.1. Collection, processing and characterization

BEFP and DRFP were collected from Taramani, Chennai,
Tamilnadu (Plate 1), processed [29] and subjected for proximate
and biochemical properties such as moisture, volatile matter,
fixed carbon, ash, cellulose, hemicelluloses and lignin [41-42].
After drying in a hot air oven at 110°C for 24 hrs, they were
pulverized to fine powder, sieved to mesh size 40 and used for
characterization and AC production.

A & B Fruit pod of Delonix regia; C &D Banana empty fruit bunch
Plate 1. Selected lignocellulosic wastes.

The air dried biomass samples were analyzed for proximate
and biochemical properties using standard procedures. For elemental
analysis, the samples were ground to fine powder (40 mesh size)
and used for CHNS-O analysis (Perkin-Elmer 2400 Series).
Thermal analysis (DTA/TGA) was carried out using NETZSCH
(STA) 409 C/CD Simultaneous Thermal Analyzer and the
devolatilisation rate of the biomass wastes was determined.
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2.2. Activated carbon production

Activated carbon was prepared by following the one step
pyrolysis method [21,43]. For this, the test samples were divided
into three parts; the first part mixed with 10% phosphoric acid
(H3PO,4) (100 g sample + 100 mL of H3PO,, wt/v) and the
second part mixed with 10% potassium hydroxide (KOH) (100 g
sample + 100 mL of KOH, wt/v) and the third part without any
addition. Both the treated and untreated samples were pyrolyzed
at 450°C (BEFP) and 400°C (DRFP) for 1 h in an electric muffle
furnace. After activation, the mixture was removed from the
furnace and allowed to cool to room temperature. The pyrolysed
carbons were leached with 2% HCI (v/v) for 2 h and washed
several times with de-ionized hot water until a neutral pH was
achieved. Later the carbon paste was dried in an electric oven at
110°C for 24 h. The activated carbon yield was calculated by
applying the formula [44].

X (%) = m/m, x 100,

Where X is char or activated carbon yield (%), m is the
char or activated carbon mass (g) and m, is the raw sample mass (g).

The carbon preparation experiments were carried out
several times to obtain enough activated carbon samples for further
analysis and characterization. Thus, X is an average value of all
the effective experiments.

2.3. Physical and chemical characteristics

The pH, electrical conductivity (EC) and bulk density of the
AC samples was determined by following standard methods [45].
For pH determination, 1% (w/w) suspension of activated carbon
in de-ionized water was prepared and the suspension was heated
to 90°C with stirring for 20 minutes. The suspension was then
allowed to cool to room temperature and the pH was measured
using pH meter (Ecoscan, Eutech, Singapore). For EC determination,
1% (wt/wt) solution of activated carbon in water was stirred at
room temperature for 20 min and the electrical conductivity was
measured using an Ecoscan conductivity meter (Eutech, Singapore)
and values were presented in micro Siemens (uUS).

2.3.1 Bulk density

For bulk density, a glass cylinder (25 ml) was filled to a
specified volume with 40 mesh powder activated carbon and
dried in an oven at 80°C overnight. The cylinder was tapped for
1-2 minutes to compact the carbon and the bulk density calculated
and presented as g ml™* following the formula:

Weight of dry material (g) / Volume of Packed dry materials (ml) x 100

All the experiments were carried out in triplicate and the
averages were presented.

2.3.2 Attrition

The attrition of activated carbon samples was determined
using a wet attrition test [46]. One gram of activated carbon
sample (40 mesh size) was added to 100 ml of acetate buffer
(0.07 M sodium acetate and 0.03 M acetic acid (pH 4.8) in a 250
ml Erlenmeyer flask. The solution was stirred for 24 h at 25°C
on magnetic stirrer (model. REMI, 2MLH) at 200 rpm using %
inch stir bars. The samples were then poured onto a 40 mesh
screen, and the retained carbon was washed with 250 ml of de-
ionized water. After washing, the carbon was transferred to a
pre-weighed silica crucible and dried at 90°C in a vacuum oven
for 4 hrs. The samples were removed and allowed to cool in
desiccators and weighed. The percentage of attrition was calculated
using the formula:

Weight of carbon retained by sieve (g) * 100/ Initial sample weight (g)

2.3.3 Scanning Electron Microscope (SEM)
The surface morphological changes of activated carbon

samples were investigated using a Scanning Electron Microscope
(SEM, Make: JEOL, Japan) operated at 25kV. Oven dried, porous,
carbon samples were mounted on an adhesive carbon tape
attached to an aluminum-stub and subsequently sputter coated with
platinum for 5 minutes in the JFC-1100 sputter coater. The SEM
magnifications were selected as x1000, x5000 and x10000.

2.3.4 BET surface area

The surface areas measurements (m?g) of the activated
carbon samples were made by low temperature nitrogen adsorption,
by BET equation [47] using Micromeritics (ASAP 2010) operated
at 77 K.

2.3.5 FT-IR analysis

The surface chemistry of samples was analyzed through
FTIR transmission spectra [48] recorded using a PERKIN ELMER
Spectrum One FTIR spectrophotometer in the wave number range
of 4000-450 cm®. The carbon samples were ground with KBr
(AR grade) at a ratio of roughly 1/1000. 500 mg of oven dried
(110°C for 12 hrs) fine powder was made in to a pellet by
continuously pressing at 5 ton/cm? for 1 min. and 17 ton/cm? for
2 min. using a Perkin-Elmer hydraulic pump. After preparation,
the pellet was analyzed immediately, and the spectra were recorded
to 1 cm™ resolution. A pellet prepared with an equivalent quantity
of pure KBr powder was used as control.

2.4 Liquid adsorption studies
For liquid adsorption studies, both lodine [45] and
methylene blue adsorption [25] were performed.

2.4.1 lodine removal

Different powdered activated carbon samples (0.2-1.0 g)
were taken in a 250 mL flask and 10 mL of 5% HCI was added.
The flask was swirled until the carbon became wet. Then 100 mL
of stock iodine solution (2.7 g of lodine (Merck) and 4.1 g of
potassium iodide (Merck) in 1 L of de-ionized water) was added
to it and the mixture was shaken for 5 minutes in an orbital
shaker. All the samples were filtered through Whatman No.1
filter paper. Fifty mL of filtrate was titrated with 0.1 M sodium
thiosulphate until the solution become pale yellow. Then 1 mL
of starch indicator solution (1%) was added and titration was
continued with sodium thiosulphate until the solution become
colorless. A blank was prepared without adding carbon. The percent
iodine removed by each carbon was calculated by applying the
following formula:

(mL of sodium thiosulphate used for blank — mL thiosulphate
used for sample x100) / mL thiosulphate used for blank

2.4.2 Methylene blue (Batch experiments)

For batch studies on methylene blue (MB) adsorption,
100 mL of MB solutions with initial concentrations of 50-200 mg/L
were placed in Erlenmeyer flasks to which an equal mass of 0.1
g of the activated carbon of 40 mesh size was added and kept in
a shaker at 30°C for 24 h to reach equilibrium. All samples were
filtered prior to analysis in order to minimize interference of the
carbon particles with the analysis. Each experiment was carried
out in triplicate under identical conditions. The concentrations of
MB in the supernatant solutions before and after adsorption were
determined using a CARY Bi0-300 UV-Visible Spectrophotometer
(\Varion) at 668 nm. The amount of adsorption at equilibrium, ge
(mg/g) was calculated by the formula:

Q.= (Co'Ce)V/ W

Where, Cy and C, (mg/L) are the liquid-phase concentrations
of the dye at initial and equilibrium state; V is the volume of the
solution (L) and W is the mass of dry adsorbent used (g).
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3. Results and Discussion

3.1. Characterization of biomass wastes

The data on proximate, ultimate and biochemical analysis
of the biomass samples are presented in Table 1. While the
moisture and ash content were higher in Banana Empty Fruit
Bunch (BEFB), fixed carbon had the same value for both wastes
and volatile matter was high in Delonix regia fruit pods (DRFP)
indicating the nature of the biomass where BEFB contained
more water than the DRFP.

While the BEFB sample had more carbon and hydrogen
content, the DRFP sample had more oxygen and nitrogen contents.
However, sulphur content was very low in both the substrates.
While the H/C ratio was 0.12% in BEFB it was 0.13% in the
DRFP. Results obtained in this study are close to the earlier studies
on C, H, N, O elemental analysis reporting their concentrations in
different agricultural wastes of 43.8-58.30%, 2.6-7.0%, 0.4-6.8%,
and 32.05-50.20%, respectively [49-53].

Table 1. Proximate, ultimate and biochemical analysis of
lignocellulosic wastes.

the third stage (400°C to 650°C) with a decomposition rate of
30.59% in the BEFB and 32.94% in DRFP. Both the stages are
signified by lignin degradation after the degradation of
hemicelluloses and cellulose. The BEFB banana empty fruit bunch
showed a degradation of 6.14% in the last stage (840°C). It is
well known that the pyrolysis temperature plays an important
role in product distribution, yield and characteristics of activated
carbon [29,55]. Our TGA results showed that higher lignin
content and higher char yield were obtained from DRFP. Lignin
is found to be the main contributor to the final char weight [56].

3.2 Activated carbon production

As maximum weight loss occurrence was observed at
temperatures lower than 500°C in the present study, activated
carbon production was carried out at 450°C for BEFP and 400°C
for DRFP. The yield obtained is presented in Table 2. A higher
yield of 41.09% was recorded in DRFP treated with H3PO,
followed by KOH impregnated BEFB (38.86%) and untreated
DRFP (38.6%), while the untreated BEFB registered a yield of
34.66% and the H3PO, treatment registered 36.10% yield. KOH
treated DRFP registered 35.33% yield. Several activating agents

Values are mean + standard deviation of three replicates.
*Results based on one time analysis

Cellulose, hemi-cellulose and lignin contents were higher
in DRFP (13.31%, 24.13% and 23.36%, respectively) than BEFB
(8.3%, 21.23% and 19.06%, respectively) (Table 1.). Although
the values are closer to the reports on other agro-wastes like silk
cotton shell, oil palm fibre, oil palm nut shell and cashew nut
shell (40-45% cellulose, 20-40% hemicellulose and 17-30% lignin,
respectively) [43] the cellulose content observed in this study for
the biomass samples were lower than in previous reports [54].

During the thermo gravimetric analysis (TGA) (Fig. 1),
four weight loss stages were observed in BEFB and three stages
in the DRFP. In the first stage (<150°C) a moisture content of
10.44% in BEFB and 7.53% in the DRFP were recorded. Maximum
devolatalisation was observed in DRFP (52.45%) compared to
BEFB (41.82%) in the second stage (150°C to 400°C) where there
was a decomposition of hemicelluloses is followed by cellulose
degradation. A considerable amount of decomposition was found in

Lignocellulosic wastes (wt%) dry basis have been reported for use in the chemical activation process.
Parameters Banana Empty Fruit | Delonix regia fruit Among them H;PO4 and KOH are widely used in the production
Bunch (BEFB) pods (DRFP) of activated carbon because of low energy costs and high carbon
Proximate analysis yields as well as easy recovery of the activating agents [57-58].
Moisture 521+0.16 0.22 +0.04 While the general mechanism of the chemical activation are not
Ash 15.73+1.66 2.80+0.65 so well understood as that of physical activation [59], the
Fixed Carbon 5.95+4.98 520+381 activation agents are reported to act as an acidic/alkaline catalyst
Volatile matter 78.83 +5.58 92.03+3.74 to promote bond cleavage, hydrolysis, dehydration and condensation,
*Ultimate (Elemental) analysis accompanied by cross-linking reactions between acid/alkali and
Carbon 41.75 34.22 blOpOlymerS [58]
Hydrogen 5.10 4.50
ls\ntrogen 123 1.94 Table 2. Carbon yield from lignocellulosic substrates at different
ulphur 0.18 0.42 oo
Oxygen 5173 8.0l activations.
*Biochemical properties Sample Untreated (%) H3PO, (%) KOH (%)
Cellulose 8.30 13.90 BEFB (450°C) |34.66 +3.23 36.10 +1.07 38.86 + 0.81
Hemi-cellulose 21.23 24.13 DRFP(400°C) |38.613+1.02 41.09 +£2.42 35.33+1.89
Lignin 19.06 23.36 Values are mean + standard deviation of three replicates.

3.3. Physico- chemical properties

The pH, EC, bulk density and hardness of the carbon
samples were recorded and presented in Table 3. All the carbon
samples recorded alkaline pH values except HiPO, treated
DRFP (3.73+0.01). The untreated BEFP recorded the highest pH
(10.23+0.01) followed by H3PO, and KOH treated carbon samples
(9.78+0.0 and 9.04+0.01, respectively). Interestingly the KOH
treated DRFP sample recorded a neutral pH (7.3+0.03) when
compared to untreated carbon (8.72+0.08). The electrical conductivity
of the BEFP samples was higher than for DRFP. Untreated BEFP
had very high EC values (3040+0.03 uS) followed by H;PO,
and KOH treated carbon samples (1227+2.43 uS and 1183+3.05
uS, respectively). A comparatively low EC value (353.66+3.51
uS) for H;PO, treated DRFP was obtained followed by untreated
DRFP (321.33+1.52 pS) and KOH treated DRFP samples (189+3.86
uS), respectively. Bulk density is an important characteristic of
the carbon and is invariably related to the starting material. In this
study, KOH treated DRFP showed a higher bulk density (0.46 g/ml)

Table 3. Physical and chemical properties of activated carbon samples.

Name of the — EC (uS Bulk densit; Hardness
lignocellulosic waste Activation method pH ) (g/ml) g (%)

BEFB HsPO, treated 9.78 £ 0.00 1227 £2.43 0.33+0.00 1.50 £1.02
KOH treated 9.04 £0.10 1183 + 3.05 0.34 £0.00 2.50 + 1.45
Untreated 10.23 +0.01 3040 +0.03 0.35+0.00 1.90 £ 2.02

DRFP H;PO, treated 3.73+0.08 353.66+3.51 |0.45+0.00 10.20 + 1.56
KOH treated 7.30 £0.04 189.0 + 3.86 0.46 +£0.00 7.40 £ 0.98

Untreated 8.72+0.08 321.33+1.52 |0.40£0.00 10.30 +1.87

Values are mean + standard deviation of three replicates.
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DRFP biomass sample
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Figure 1. Thermo gravimetric analysis (TGA/DTG) of biomass sample.

followed by H3PO, treated DRFP (0.45 g/ml). The H3PO, treated
BEFP, however, showed lowest bulk density (0.33 g/ml) when
compared to other experimental carbons. Hardness or attrition is
a measure of the mechanical strength of the carbons and it is an
important parameter for understanding its relative loss during
the transportation, handling and regeneration. The results indicate
that BEFP have lower attrition values than the DRFP (Table 3).
The hardness was high in untreated (10.30%) and H3PO, activated
(10.20%) DRFP. The H3PO, treated BEFP sample showed the

lowest attrition (1.5%) followed by untreated BEFP carbon (1.9%).
The percentage of attrition observed in carbon, as the results
indicate, depends upon the carbon density or starting materials of
the attrition percentage is varied [60].

3.4. Surface Area analysis

The results on BET surface area (m?g) and pore volume
data are presented in Table 4. Among the two different experimental
carbons, the H3PO, treated DRFP carbon sample had the highest
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surface area (22.29 m?/g) followed by untreated carbon (17.54
m?/g) and H3PO, treated BEFP carbon (15.37 m?/g). The lowest
surface area was observed in KOH treated DRFP (0.3242 m?/g)
followed by untreated BEFP carbon sample (1.04 m%g). While
the pore volume was high in the H3PO, treated BEFP sample
(0.456 cm®/g) the KOH treated and untreated carbon samples
showed only an insignificant pore volume. In DRFP the pore
volume was very much distinct in all the samples with untreated
samples registering a higher pore volume (0.6032 cm®/g) than
the KOH and H3PO, treated samples, 0.3521 and 0.2598 cm®/g,
respectively. However, the results on BET surface area and pore
volume could not be compared with earlier reports. The BET
surface area was comparatively low in both the substrates
studied (0.2598-22.2908 m%/g). Earlier reports on DRFP found a
lower surface (4.08 m?g™) than our samples [28]. This could be
attributed to the quality of substrates where both the samples
were of a fibrous nature. This study derives support from an
earlier study where the carbon obtained from coconut fibre treated
with ammonium chloride solution and carbonized at 400°C for
1.5 hours was reported to have 1.26 m?/g surface areas.

Table 4. The effect of different activation methods on BET
surface area of activated carbon samples.

Name of Samples Surface area | Pore Volume Pore size
(m’/g) (glem’) A

Untreated 0.3242 -

BEFB | H;PO, 15.3757 0.4566 570.042
KOH 1.0445 -

Untreated 17.5457 0.6032 603.087

DRFP | Hs;PO, 22.2908 0.2598 617.503
KOH 0.0139 0.3521 -

The SEM photographs of the untreated and treated BEFB
samples showed rod like structures but while the untreated sample
was bundled together the treated samples showed more spaced
out structures (Plates 2a & 2b). The alkali treated BEFB sample
showed porous structures. In the case of DRFP, the KOH and
H3PO, treated samples showed open porous structures. The untreated
sample showed holes that were spaced out on the surface with
smooth edges. While the alkali treated samples showed many holes
on the carbon surface with broken edges, the phosphoric acid
treated samples showed larger pore structures than pore sizes.

Plate 2a: SEM micrographs of carbon samples from Delonix
regia pods (DRFP).

Plate 2b: SEM micrographs of carbon samples from Banana
Empty Fruit Bunch (BEFB).

3.5 Liquid phase adsorption

The results of iodine removal by different activated carbon
samples at doses between 0.2-1.0 gms are presented in Fig. 2.
The KOH treated carbon samples showed higher iodine removal
than the H3PO, treated samples. While high iodine removal was
registered in KOH treated BEFP and DRFP samples (92.0 and
83.69%) it was low in H3PO, treated DRFP (61.95%). Carbon
from different agro-wastes was reported to remove iodine from
aqueous solution in the range between 50 and 95% [45]. Higher
degrees of iodine adsorption have been reported to indicate a
higher surface area and the presence of largely micro and
mesoporous structures [61]. Results observed in the present
study indicate that there exist differences among the different
carbons in iodine adsorption which could be attributed to the
differences in their surface areas, porosity and activation methods
[23,45,61].

DRFP activated carbon samples

XN Untreated

Percentage of iodine removal (%)

0.2

Figure 2. lodine removal. Carbon dosage (9)

The results of the methylene blue adsorption studies are
presented in Fig.3. Adsorption at a concentration of 200 mg/I
was found to be negligible. Among the two different activated
carbon samples, adsorption was high in H;PO,, KOH and
untreated BEFB, 76.13, 71.06, and 70.63 mg/g, respectively in
the 100 mg/l methylene blue concentration. When the carbon
sample concentration was increased the methylene blue adsorption
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MB Adsorption at equilibrium (mg/g)

M8 Adsorption at equilibrium (mg/g)

also increased up to 50%. The adsorption values were 50.98,
48.28 and 48.36 mg/g in KOH treated, HsPO, treated and untreated
carbon samples, respectively.

Methylene blue adosrption at 50 & 100 mg/l- BEFB carbon sample
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Figure 3. Methylene blue adsorption of activated carbon
samples.

FTIR analysis of carbon samples from the wastes are
presented in Fig. 4. The surface functional groups present in the
DRFP derived activated carbon were the band corresponding to
O-H group at 3834-3400 cm™; a band at 2921-2853 cm™
corresponded to aliphatic C-H stretching; a band at 1560-1530
cm™ corresponded to secondary amide and N-H bending with C-N
vibrations; a band around 1450-1430 cm™ was ascribed to an
aromatic ring of P-C stretching vibration; the band around 1374-
1330 cm™ was caused due to the presence of aromatic nitro compound
NO, symmetric stretching; the peak around 1434-1375 cm™
corresponded to phenolic OH and C-N groups; an IR band
around 1316-1200 cm™ corresponded to nitrate (NO,) symmetric
stretching vibrations; a band from 1190-1120 cm ascribed to
SO, symmetric stretching; an IR band around 850-750 cm
corresponding to NH, amines group and a band from 700-600 cm™
attributed to C-H bending out of plane were observed. Similar
results were recorded by Hu et al., 2009 [28].

The main surface functional groups present in BEFB
were the band between 3845-3800 cm™ corresponding to an O-H
group; an IR band at 3399, 3196 cm™ due to O-H group of

DRFP activated carbon sample

DR CONTRUL

DRH3PO4

DRKOH

carboxylic acids; a band from 2923-2800 cm™ ascribed to an
aldehyde C-H group; an IR band at 1594-1500 cm corresponding
to secondary amide N-H bending and C-N stretching; an IR band
at 1395 cm™ related to aliphatic nitro (NO,) asymmetric stretching
vibrations; a band from 1118-1000 ascribed Si-O-Si asymmetric
stretching; an IR band between 870-840 cmascribed to nitrate N-O
stretching; a band between 765-750 cm™ corresponding to amide
N-H wagging and a band at 700-600 cm™ assigned to C-S
stretching.

The FT-IR analysis results indicate that only minor
differences between the samples could be established. However,
shift in bands and changes in wavelength numbers and absorbance
between the untreated and treated samples indicate that chemical
transformation would have taken place during chemical treatment
or during pyrolysis.

4, Conclusion

Activated carbons were prepared from the pyrolysis of
banana empty fruit bunch waste and fruit pods of Delonix regia
at 450 and 400°C by chemical activation with H;PO4 and KOH.
The yields of the activated carbons produced by chemical
activation were found to be higher than untreated carbon. The
properties of the activated carbon produced in this experiment such
as surface area, chemical functional groups and ability to remove
iodine and methylene blue reveals that it had an improved
adsorption behavior comparable to those of high performance
adsorbents. Consequently, the activated carbons produced from
lingo-cellulosic waste biomass can be used as adsorbents for
various environmental applications including treatment of drinking
water, removing colour from industrial effluents and removal of
heavy metals.
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