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1.Introduction

Biochar (BC) or Several investigators atre interested
in activated carbon owing to its exceptional qualities,

Douha S. Khudair!, Yasser I. Abdul-Aziz*

Abstract

The purpose of this study is to investigate the potential of biochar
derived from Peganum harmala (Pgh) seeds as an adsorbent material for
wastewater treatment. Biochar is a cost-efficient, ecologically friendly, and
effective bio-sorbent for a wide range of pollutants in wastewater.
Researchers are investigating the production of biochar from novel
biomass sources. Phosphoric acid (H;PO,) was utilized in a chemical
activation technique to produce biochar at various concentrations (20%,
30%, and 40%). The pyrolysis process lasted three hours at 600°C in a tube
furnace with an inert nitrogen gas atmosphere. Elemental analysis,
Brunauer-Emmett-Teller (BET) nitrogen adsorption, scanning electron
microscopy (SEM), Fourier transform infrared spectroscopy (FTIR),
energy dispersive X-ray spectroscopy (EDX), The biochar was
characterized using several techniques, including elemental analysis, X-ray
diffraction, Fourier transform infrared spectroscopy (FTIR), Brunauer-
Emmett-Teller (BET) nitrogen adsorption, scanning electron microscopy
(SEM), and energy dispersive X-ray spectroscopy (EDX). The findings
demonstrate the significant potential of Pgh seed-derived biochar as an
inexpensive and ecologically acceptable sorbent material. A large surface
area (691.58 m?g~1) was achieved at 600°C for three hours with 40%
H3POy activation.

Keywords: Biochar, Peganum Harmala Seeds, Adsorption, Heavy Metal Ions,
Kinetic Isotherm Models.
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which include thermostability, high performance,

strong adsorptive effect, significant surface area, and
well-developed  structure[1] .Wood, coal, and
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petroleum coke are examples of raw materials[2], that
contain carbon that are converted into activated
carbon via pyrolysis and activation processing[3], The
material's name changes between Biochar  and
activated carbon depending on the raw material used ,
Biochar is a carbon-rich material generated from
biomass (organic matter from plants) and prepared in
a limited oxygen environment [4].Activated carbon,
constructed from biomass or other carbonaceous
materials[5].  The decrease in these resources
motivates researchers to utilize natural resources from
biomass as precursors for biochar[6], furthermore,
One positive part of biochar production from biomass
is that it can fix carbon dioxide instead of producing
CO2. Another is that the biochar may be organically
absorbed by soil[7].

Considering the enormous potential for raw
material supply in the wood processing, carpentry, and
other related industties, biochar formed from biomass
waste could improve economic returns and reduce
pollution. , biomasses include date stones, oil palm
fiber, cotton stalks, pistachio nut shells, pomelo skin,
orange peel, rice husk, pine apple peel, and
mangosteen peel[8].Additionally, Biochar because of
its well-developed pore structure, wide specific surface
area, and abundance of surface chemical groups, it is
frequently utilized as a conventional adsorbent[9],
There are four different types of activated carbon i.e.
Powder Activated Carbon (PAC),Granular Activated
Carbon (GAC), Activated Carbon Cloth (ACC) and
Activated Catbon Fibrous (ACF) depends on their
shape and size [10], Carbon-rich organic compounds
can be chemically or physically activated to produce
activated carbon. The two steps of the physical
activation process are carbonization and activation,
which can be done using steam, carbon dioxide, or a
mix of the two gases [11] . A chemical activation
procedure involves mixing a precursor with an
activating agent (H3PO4, ZnCl2, etc.) and producing
activated carbon after carbonization and washing [12].
There are several benefits to the chemical activation: It
is a one-step technique that works well at low
temperatures, produces excellent adsorbents with
mixed porosity, and has a high carbon yield [13].

2. Experimental
2.1. Materials

Biomass (peganum harmala seeds (Pgh)) sample
was obtained from a community market. A biomass
(peganum harmala seeds Pgh) sample was obtained
from a community market. Calderoni and
Mahmoudian deeply investigate Peganum harmala
seeds [14-15]. The chemical components that were
found by EDX analysis of Pgh are shown in Table 1,
and Table 3 Chemicals used in the workplace.
Table (1): The properties of peganum harmala seeds

Pgh .
Element | Atomic % | Weight %
C 58.1 49.3
O 40.1 45.3
Mg 0.3 0.4
Cl 0.2 0.5
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Element | Atomic % | Weight %
K 0.2 0.6
Ca 0.5 1.5
Fe 0.1 0.3
Ni 0.2 0.8
Zn 0.3 1.2
2.2.  Biochar preparation

In this work, a method for producing biochar (BC)
using Pgh seeds as a precursor is described. The multi-
step process includes, among other things, pre-
treatment, activation, and  post-
treatment.

2.2.1. Pre-treatment:

Using tap water and distilled water in consecutive
washings eliminates dust and other foreign elements as
well as any leftover impurities. Subsequently, the clean
seeds are dried entirely in an electric oven at 105°C for
a full day of desiccation. After that, an electric grinder
is used to physically grind the dry seeds into a uniform
particle size distribution of 1.18 to 1.18 mm. Sieving
makes it easier to get the desired particle size fraction
[16-17].
2.2.2.Activation:

The pre-treated Pgh material is impregnated during
the activation stage with a phosphoric acid (H3PO4)
solution. Three distinct concentrations (20%, 30%,
and 40%) are used to test the influence of activation
severity. A set amount of 20 grams of Pgh material is
mixed with 50 millilitres of each H3PO4 solution. The
impregnated samples are then dried in a water bath at
80 degrees Celsius for 24 hours. It is worth noting that
the evaporation period of the surplus solution
correlates positively with the concentration of H3PO4
used. Following that, any leftover moisture is removed
from the samples by oven-drying them[18].

2.2.3. Carbonization

The followed by the
carbonization stage. The oven-dried and phosphoric
acid-treated samples are fed into a tubular electric
furnace for high-temperature processing in an inert
environment. The temperature is increased at a
regulated rate of 10°C/min from ambient to the goal
carbonization temperature of 600°C. The samples are
held at this temperature for 3 hours with a constant
flow of nitrogen gas (100 cm?®/min) to prevent
oxidation[18]. Following the holding period, the
furnace can cool naturally before removing the biochar
samples.

2.2.4. Post-treatment:

The last step involves biochar post-treatment.
Deionized water is used to clean the biochar of any
contaminants or reaction products left over from the
activation process. This is followed by a final drying
phase that uses an electric heater to eliminate any
remaining moisture. The finished product is biochar
that has been fully dried [19-20]. This method gives a
well-defined strategy to producing biochar from Pgh
seeds with flexible characteristics by changing the
amount of phosphoric acid during the activation step.

carbonization,

activation phase is
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Table (2): Biochar Prepared using H;PO4 3. Investigate the characteristics of
Activation Agent. biochar.
activated 0 Time Table (5): Laboratory measuring and testing
sample agent Cone.% (h) Temp. () equipment used in the work
P20 H;PO, 20 3 600 Testing . Manufactur
. Description
P30 H3PO4 30 3 600 device er
P40 H;POy4 40 3 600 Xoray Nondestructive method
. ) that offers .
diffraction . . Panalytical
(XRD) comprehensive details
on the crystal structure.
Washing Energy .
drying Dispersive X- |method for determining
crus_:ing Ray a material's elemental | HRSEM
Impregnation st Spectroscopy composition.
s e (EDX)
80C Brunauer,
Emmett and a measure of the
Te?le’ra exposed surface of a | HORIBA
(BET)surface solid sample on the Scientific
carbonation arca analysis molecular scale
- witl? Flow of Fourier
nitrogen Transform identifies a molecule's
Ia frs ro d chemical bonds by Bruker
Washing prare generating an infrared Alpha
,Drying Spectroscopy ¢
(FTIR) absorption spectra.
—} The instrument is able
Scannin to generate high-
Biochar eizctro f resolution images, Thermo
microsco measuring with deep Fisher
(SEM) Py accuracy infinitesimal | Scientific
Fi . L . aspects of organic and
igure (1): Schematic diagram for preparation of . . .
biochat. inorganic objects
Thermo a powerful technique
Table( 3): Chemicals used in the workplace Gravimetric fortghe mfaiulz?ﬂ??ntf()f TA
Chemicals used in | Chemical Pusity The Analysis e:m.als A | (i o Instruments
the workplace formula ’ Origin (TGA) ma e}r;als;lcr: g
. olyme
Phosphorlc. ac1c.l (HsPOy) 85% UK Atomic measares the
Hydrochloric acid (HCI) 35-38% | Germany Absorption concentration O.f analytik jena
HCI spectrometry | specific elements in a
Sodium Hydroxide | (NaOH) 97% Germany (AAS) sample
Ferric Chloride (FeCly) 979, India Table (6): Properties of Peganum harmala
- - - - seeds (Pgh) and biochar.
Nickel Chloride (NlClz) 98% India Element Welght % Welght %
Lead nitrate Pb(NOs3)2 99% India Pgh Biochar
Decionized water HO 100% Iraq ¢ 49.3 03.1
@) 45.3 19.1
M, 4
Table (4): Laboratory equipment used in the Cig 8 5 8
. preparano.n s.tages < 06 0
equipment . Description Manufacturer Ca 15 03
Electric oven Maximum tejnperature Heraeus Fe 0.3 04
220 °C Ni 0.8 1
Electric Herb Power rate: 220 Volts, . 7 12
. ind ) silver crest o :
Grain Grinder Frequency: 50 Hz N 0 46
Hot plate Speed 60-1500 pm, Na 0 0.6
magnetic stitrers Maximum temperature: Labteach P 0 10.8
+380°C
Tublfﬂar electric . Max. Worl;jgggoc Aady Group 3.1. Surface Area of AC
urnace cmperature The Surface Area Analyzer apparatus, model SA-
Electronic Ma?nmum Wélght 220g , Sartorius 9600 Qsurf series by Thermo Electron Corporation
Balance Minimum weight 0.0001g using the BET test technique, was used to measure the

surface area of the Biochar generated.
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3.2.  XRD analysis

The identity of optimum
prepared was tested using an Panalytical X-ray
Diffractometer, equipped with Cu Ko radiation, A =
0.154 nm), with a step size of 0.05° in the 2 © range
from 10 to 80° (high angle) and fixed power source
45Kv, 30mA.
3.3. EDX analysis

The chemical composition was determined
through Energy Dispersive X-ray Spectroscopy
(EDX), which is carried out using Thermo Scientific
Axia ChemiSEM, US.
3.4. SEM analysis

Analyzed the microstructures and surface
morphology of the Biochar using a scanning electron
microscope (HRSEM FEI Inspect F50, USA).
3.5. FTIR analysis

FTIR Spectroscopy, Fourier-transform infrared
spectroscopy, is concerned with the vibration of
molecules. Each functional group has its own discrete

activated carbon

vibrational energy which can be used to identify a
molecule through the combination of all of the
functional groups. (FTIR) was done in ( Bruker
Alpha/ USA). The spectra recorded the result from
4000 to 400 cm-1 resolution in the mid-infrared
region.
3.6. Pore structure of activated carbons
Extraction of porosity and pore size distribution
from SEM images using MATLAB programmer. It's
assume that the input SEM images are gray-scale and
darker parts of the image shows deeper surfaces which
are considered as pore spaces.
3.7. 'Thermo Gravimetric Analysis (TGA)
Tested with a weight of 9.946 gm pgh sample at a
tempetature rising rate of 20 °C/min up to 930 °C in
the N2 atmosphere. The device used in the test is
(SDT Q600 V20.9 Build 20, Module DSC-TGA
Standard) Temperature range: 44.40 to 980.24 °C .

4.  Result and Discussion
4.1. Surface Area of AC

The maximum surface area achieved in the study
was 691.58 mZ/g with a 40% H3;POy4 concentration at
an activation temperature of 600°C for 3 hours [21].
Increased levels of phosphorous compounds reacting
with lignocellulosic materials during impregnation and
activation stages could lead to this issue.[22].

Table (7): surface area of biochar.

label |Chemical | method Surface area
method | Conc. (%) | BET) m? /g
Pgh - - 0.128
P20 H;POy4 20 322.98
P30 H3;POy4 30 554.09
P40 H3;POy4 40 691.58

4.2. X-ray Diffraction (XRD) Analysis of
Biochar Crystallinity

Adsorption and Crystallinity: The importance of
determining an adsorbent material's crystallinity is
emphasized in this section in order to get the best
possible adsorption results. Powder X-ray diffraction
(XRD) is an essential instrument for:
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1. Measuring Crystalline Content: Figuring out how
much crystalline material is in the adsorbent.

2. Determining Crystalline Phases: Describe the
particular kinds of crystalline formations that are there.
3. Lattice plane spacing is the measurement of the
separation between atomic planes in a crystal lattice
[23].X-ray Diffraction Analysis of Biochar The
methods used to analyze the biochar samples with an
XRD device (XRD-6000, Shimadzu) are described.
Significant variables consist of: Cu Ko radiation with a
wavelength () of 1.5406 A is the source of radiation.
Operating conditions: Continuous scan mode at 40 kV
and 30 mA. Range of Scan: 20 = 10°-80°.1° per
minute is the scan rate. Analysis of X-ray diagrams:
Examining the P40 biochar sample Figure (2 indicates
that three wide diffraction peaks are present at
different 20 locations.20 = 10°-30°: Denotes a chaotic
arrangement of stacked carbon rings and the existence
of amorphous carbon.

Peaks and Crystalline Structure Correspondence:
The observed peaks are further analyzed based on
known literature: Amorphous carbon may occur, as
shown by the peak at 20 = 25 [24].

Peaks at 20 = 44°: Associated with the formation
of pores as a result of carbon breaking down along the
graphitic structures' ditection[13].Peak at 79°: Maybe a
sign of tiny organized graphene sheet domains inside
the activated carbon [25].To sum up, the XRD study
offers important new information on the crystalline
structure of the biochar made from Peganum harmala
seeds. The structural properties of the biochar are
highlighted by the observed amorphous carbon and
the possible presence of ordered graphene domains,
which can substantially impact the biochat's ability to
adsorb materials
applications.

for use in wastewater treatment

3 =TT

[}

[

Figure (2): XRD for the prepared Biochar.

4.3. EDX analysis of the prepared biochar

Figure 3 and table 8 display the EDX assessment
test results, indicating the percentage of elemental
composition values of the raw material and the
biochar.

The carbon content of precursors increased from
49.3% to 63.1% after undergoing carbonization and
activation processes. Carbon levels rise as heat causes
decomposition in the carbonization process,
eliminating non-carbon and volatile components and
converting them into carbon. The ash content of
biochar is 17.7%. Ash content is the residual mineral
material left behind after combustion.
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Table (8): EDX Analysis of the prepared biochar
Elemen |Atomic |Atomic |Weight |Weight
t % % Error |% % Error

C 73.1 0.6 63.1 0.5

N 4.5 1.2 4.6 1.2

O 16.7 0.6 19.1 0.7

Na 0.4 0.0 0.6 0.1

P 4.8 0.1 10.8 0.1

Ca 0.1 0.0 0.3 0.1

Fe 0.1 0.0 0.4 0.1

Ni 0.2 0.0 1.0 0.2

=== " g.K

=30 pm=—

=50 pm = NaI( N . l‘ .
Figure (3): EDX for prepared biochar.

445

4.4. SEM analysis for the prepared biochar
The surface physical morphology of the material
was observed using the SEM method. The scanning
electron microscope (SEM) pictures displayed the
porous structure of Pgh and Pgh-derived biochar, as
shows in Figure (a and b). The results indicated that
the activated carbon formed an unequal, highly porous
surface with open, uniform macropores on the outer
surfaces. The biochar showed a well-developed pore
structure. The formation of micropores during
carbonization is important for the adsorption of heavy
metals since it improves the surface area available for
absorption. The H3;PO4 impregnation with the
precursor likely caused the breakdown of lignin and
hemicellulose, leading to a reduction in cellulose
crystallinity and the formation of high porosity.

“ i
Figure (4): Scanning electron microscopy (SEM):(a)
Peganum harmala seeds before activation (b)
Peganum harmala seeds after activation.

4.5. FTIR Analysis

This section uses FTIR spectroscopy to investigate
the functional group makeup of the Pgh precursor and
the biochar that was generated from it.

FTIR analysis of the Pgh precursor revealed the
following important functional groups, which
corresponded to different wavenumbers[26]:

e O-H stretching: Shows that hydroxyl (-OH)
groups are present. It is centered at 3272.59 cm™
and spans 3000-3500 cm™.

e The alkyl C-H stretching (2922.78 cm™)
indicates the possible existence of chains of
aliphatic hydrocarbons.

e Aryl-substituted C=C stretching (1624.33 cm™):
This suggests that aromatic rings are present.

e The stretching of alkyl carbonate (1743.02 cm™)
indicates the presence of ester groups.

e C-O stretching (1199.16 cm™): Denotes the
existence of a variety of functional groups
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involving C-O bonds, including acids, alcohols,
phenols, ethers, and/or esters.
e FTIR Analysis of Biochar
When the biochar is analyzed, it shows a different
functional group profile from the Pgh precursor. The
following functional groupings were determined to be
possible [[27],[28]]:
e Aromatic rings or
(3080.37 cm™).
e C=C stretch (2124.05 cm™) in terminal alkynes
(monosubstituted compounds).
e  Aryl disulfides' S-S stretch is 453.14 cm™.
e Secondary amines with a CN stretch (1176.03
cm™).

unsaturation

(C=C-H)

e  Stretch of carboxylate (sodium carboxylic acid)
(1550.02 cm™).

e C-Haromatic (752.34 cm™).

Comparing the Function Groups:
There is a noticeable change in the functional groups
between the biochar and the Pgh precursor[29]:

e  Hydroxyl (-OH) Groups: These groups vanish in
the biochar, indicating that pyrolysis removed
them.

e Unsaturated Compounds: During pyrolysis,
these compounds break and transform into
volatile gas or liquid products, which causes them
to disappear.

e  Aliphatic C-H: At higher temperatutes, these
bonds break, which causes them to vanish from
the biochar.

e  Aromatic Rings: At high pyrolysis temperatures,
rearrangement causes the aromatic rings'
structure to deteriorate.

e Novel Functional Groups: The biochar shows
the presence of functional groups such C = C in
terminal alkynes, aryl disulfides, and secondary
amines that were not present in the precursor.

e  Carboxylate Groups: The Pgh precursor and the
biochar both include these groups.

Effect of Heat on Functional Groups:

The text highlights the impact of temperature on
different functional groups during pyrolysis. It
explains that weight loss occurs before cellulose
reaches 300°C[30], and water molecules are released at
200°C. Gaseous hydrocarbon formation occurs at
temperatures between 400°C and 500°C[10], reducing
hydrogen FTIR  spectroscopy
significant differences in the functional group profile
of biochar compared to the Pgh precursor. This is due
to the removal of hydroxyl groups, transformation of
unsaturated molecules, and formation of new
functional groups, which could significantly affect
biochat's adsorption capabilities for wastewater
treatment.

content. reveals
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Figure (6): FTIR spectra of activated carbon

prepared.
4.6. Pore structure of biochar
In recent vyears, a wunique approach for

characterizing materials has emerged: employing image
processing tools to study the structure of material data
captured in SEM images. Andrzej and his coworker

[31] recommended utilizing SEM image analysis

software to evaluate membrane porosity. Using digital
image technologies and the box number dimensions
technique, Zou and his workmate [32]examined coal
sample porosity and fractal size. Digital image
processing was used by Cardell and his co-workers [33]
using backscattered electron (BSE) images and X-ray
elemental maps to quantify and ascertain the depth of
the porous salt medium and porosity.[34] present a
method for exploiting scanning electron microscopy
(SEM) images to estimate the pore size distribution of
porous materials. A Visual Basic program was created
to put the strategy to the test. To split the image into
bright and dark regions, which were assumed to be
pores, a threshold value was set. The threshold value
may be determined using the cumulative frequency of
the image's pixel intensities. This study use MATLAB
software image analysis to evaluate the pore size
statistics characterization technique of disordered
mesoporous materials using SEM pictures. The
MATLAB program runs and produces five outputs in
the main file: four distinct photos and a composite
image summarizing the analysis (similar to the supplied
example).

Individual Images:

Individual photos:

e Tour high-resolution SEM photos (Fig. 7) show
the porous material at different magnification
levels. SEM photograph surfaces with a focused
electron beam, implying that these pictures share



NJES 27(4)441-449, 2024
Khudair & Abdul-Aziz /Lé//)

a similar origin. The dark patches in the radius (um) on the x-axis and frequency (y-axis).

micrographs show holes in the material. The observed histogram reveals a preponderance
e  The second image shows a depth map with of smaller pores over bigger ones.

colored pixel clusters. Variations in pixel Porosity Calculation:

intensity are presumably related to surface The algorithm determines the material's porosity,

elevation, with brighter and darker pixels perhaps which in this case is 0.27029. Porosity is a material

representing greater and lower altitudes, attribute that describes the amount of empty space

respectively. within it. In this research, pore space refers to the
e The third image displays a binary segmentation material's unoccupied spaces.

image. Each pixel is classed as pote space (white) Data Validation:

or backdrop (black). For validation, the computer does a comparison

study of numerous photos. This approach produces
findings with a high degree of similarity, indicating
consistent and trustworthy picture processing.

e The fourth figure shows a pore size distribution
graph. This graph shows the link between pore
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Figure (7): Pore structure of biochar

4.7. 'Thermo Gravimetric Analysis (TGA) implies that important Pgh components have broken
Figure (8 showing the change in weight of a down. finally slow loss in mass continues up to 900 °C.
Peganum harmala seeds (Pgh) sample as a function of The Pgh sample had a total mass loss of 90.33%, which
temperature. Balasundram [35] corroborate, maybe because of its
Observations of TGA: high volatile matter concentration.
The linear mass decrease tendency shown in the These are the anticipated phases of pyrolytic
TGA curve suggests that weight is continuously lost as breakdown [30].
the temperature increases from 0°C to 1000°C. It can e  FElimination of moisture usually happens below
seen a first weight loss at 100 °C, which is the 220 °C in a pyrolysis setting (without oxygen).
beginning of thermal breakdown when volatile e It is between 220°C and 315°C when
chemicals from the Pgh sample are released. The main hemicellulose breaks down.
devolatilization ~ stage is  corresponding to  the e Decomposition of cellulose takes place between
substantial mass loss between 100°C and 500°C. This 315 and 400 °C.
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e At temperatures higher than 400 °C, lignin
breakdown takes front stage.

00 0 0
Temperature (*C)

Figure (8): Thermogravimetric Analysis (TGA) of
the Components of peganum harmala seeds.
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