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Abstract

This study explores the preparation, structural, and spectroscopic characterization
of activated carbon derived from date pits using calcium chloride as an activating
agent. Date pits, an abundant agricultural by-product, were processed into activated
carbon through chemical activation with varying ratios of calcium chloride. The
resulting activated carbon samples were thoroughly analyzed using X-ray
Diffraction (XRD), Field Emission Scanning Electron Microscopy (FE-SEM),
Fourier-transform Infrared Spectroscopy (FT-IR), and Energy Dispersive X-ray
Spectroscopy (EDX). XRD analysis confirmed the presence of crystalline and
amorphous carbon phases, with diffraction peaks corresponding to the 101, 110,
and 20 planes, indicating successful carbonization and the formation of ordered
structures. FE-SEM images showed that pores grew significantly, with pores that
were bigger and more noticeable in samples that were activated with higher
concentrations of calcium chloride, meaning they had more surface area. FTIR
spectra showed increased conjugated C=C double bonds after activation, creating a
more porous and chemically active structure. The EDX analysis revealed that the
most common elements were carbon and chlorine, suggesting a successful addition
of calcium chloride. Other trace elements like phosphorus, sodium, and magnesium
were detected, which can be due to the date pits or impurities.
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1. Introduction

Activated carbon, a type of carbon that has been processed to possess a highly
porous formation and a substantial surface area, has attracted considerable interest in
recent times owing to its diverse range of uses in adsorption, catalysis, and the
remediation of environmental issues [1-5]. Among the various sources of raw materials,
agricultural residue, due to its plentiful availability, cost-effectiveness, and positive
environmental impact, has become a compelling choice as a precursor for the
production of activated carbon. Date pits, which are the tough seeds of dates (Phoenix
dactylifera), represent one such agricultural byproduct that provides a sustainable and
cost-efficient reservoir for the synthesis of activated carbon [6-10]. The process of
activation plays a pivotal role in the creation of activated carbon, as it dictates the pore
structure, surface area, and chemical characteristics of the material [11, 12]. Chemical
activation, impregnating the raw material with activating agents, has been associated
with high-surface-area and well-developed porosity-activated carbon [13, 14]. Calcium
chloride, CaCl., among many other activating agents, is preferred due to its good
performance in developing the porosity and surface properties of activated carbon.
Treatment of date pits with calcium chloride ensures the breaking down of organic
components and the creation of pores in the carbon matrix [15-17]. Calcium chloride
activates to interact with the date pit biomass, eventually forming micro- and
mesopores, which are quite necessary in applications requiring high adsorption
capacity. Aside from that, calcium chloride is a dehydrating agent, which creates
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conditions for the removal of volatile components and additionally promotes the
formation of the carbon structure [18-22]. Apart from the preparative advantages,
calcium chloride in activated carbon production has a significant effect on the chemical
and physical properties of the material, which can be fully characterized by various
spectroscopic techniques such as Fourier-transform infrared spectroscopy, field
emission scanning electron microscopy analysis, energy dispersive X-ray spectroscopy
analysis, and X-ray diffraction [23-29].

This study aims to explore the potential of date pits as a raw material for activated
carbon production, focusing on the effects of calcium chloride treatment on the
structural and spectroscopic properties of the resulting carbon. By investigating the
activation process and characterizing the material using advanced spectroscopic
techniques, this research seeks to contribute to the development of high-performance
activated carbon from renewable resources.

2. Experimental Work

In this work, date pits, which are hard seeds, of different sizes were chosen to
prepare activated carbon using calcium chloride treatment. After separating, the pits
from the fruits, the pits were washed thoroughly with distilled water. The cleaned pits
were dried at 60°C in an oven for 24 hours to remove the water content. The dried date
pits were finely ground to a powder and taken as the main raw material to be treated.
This powdered material was transferred into a ceramic vessel; calcium chloride was
mixed with the powdered pits in a ratio of 0.5:1 to 1.5:1 with an increment of 0.5%
calcium chloride in each batch. For proper agitation, 10 ml of distilled water was added
to the mixture, which was later homogenized. The homogenized mixture was subjected
to a two-step heating process. First, it was heated to 400°C in an oven for three hours to
start activating it. Second, it was reheated at 600°C for two hours more for the complete
activation of carbon. Then, after heating, the samples were left to cool naturally at room
temperature. The samples were washed a few times with distilled water until the pH of
the wash water became neutral(pH=7.51) to ensure that all residual calcium chloride
was removed from the activated carbon. Subsequently, the activated carbon samples
were dried at 60°C for 48 hours inside an Acupetter Oven. The steps of this process are
illustrated in Fig. 1.

Figure 1: Schematic diagram of the preparation and activation process of date pits to
prepare activated carbon using calcium chloride treatment.
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Three different activated carbon samples were prepared with varying the
concentrations of calcium chloride as follows: the first one, labeled AC1, was prepared
with a calcium chloride to date pit ratio of 0.5:1, the second sample (AC2) used a ratio
of 1:1, and the third one (AC3) was prepared with a ratio of 1.5:1. Data for these
samples are given in Table 1.

Table 1: Overview of the Three Varieties of Activated Carbon.

Date Pits Calcium Chloride (CaCly) Model
19 05¢9 AC1
1lg 1lg AC2
lg 15¢ AC3

3. Results and Discussion
3. 1. XRD Spectra Analysis

The existence of carbon crystal structures in the activated carbon samples was
confirmed through the observed X-ray diffraction patterns, consistent with the standard
JCPDS profile 96-901-1641. The different diffraction peaks identified correspond to
carbon crystal lattice planes (101), (110), and (201); thus, indicating well-defined
crystalline carbon structures. As shown in Fig.2, the ratios of calcium chloride used
during the activation may further have some effects on the degree of crystallinity and
the extent of the existing amorphous carbon in the activated carbon samples. X-ray
diffraction patterns showed that crystalline and amorphous phases of carbon are present
in the activated carbon samples. The peaks pointed out the ordered formation of carbon
structures, while zones that lacked well-defined structures reflected amorphous carbon.
This balance of crystalline and amorphous phases can be explained by the different
ratios of calcium chloride used, which change the global crystallinity and other
structural characteristics of activated carbon.

Intensity (a.u)

20(deg.)
Figure 2: XRD spectra of activated carbon samples AC1, AC2, and AC3.

3. 2. FE-SEM Analysis
In this work, Field Emission Scanning Electron Microscopy (FE-SEM) was used
to further investigate the surface morphology of the activated carbon samples. The
detailed surface features for the samples are shown in Fig. 3(a, b, c), where many big
pores covered the surface of the activated carbon. A closer look at Fig.3b and ¢ shows
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that these pores are more evident in samples AC2 and AC3. Their prominence in these
samples can be attributed to the higher ratios of calcium chloride used during the
activation process. In FE-SEM, the pores appeared due to the higher proportions of
calcium chloride because the calcium chloride that contributed to the development of
the pores was burned with the raw material during the carbonization process, while the
remaining that was not burned was removed during washing. Calcium chloride acts as a
dehydrating agent and facilitates the formation of larger pores by promoting the removal
of volatile compounds and the breakdown of the carbonaceous material. This leads to
the development of an extensive porous network. However, the presence of substantial
material debris within these pores, as observed in the images, suggests that some
unreacted residues or by-products from the activation process have not been entirely
removed. This debris may result from incomplete combustion or residual precursor
material that has not been entirely converted during the activation stages. Overall, the
FE-SEM analysis not only highlights the surface porosity but also provides insights into
the effectiveness of the activation process.

Complete removal of residual material is crucial for optimizing the performance
of activated carbon in various applications. By examining the surface morphology and
pore structure and identifying any residues or non-activated regions through FE-SEM
imaging, it is possible to demonstrate the effectiveness of the activation process and the
residual material removal. This evidence would be crucial for optimizing the activation
process, ensuring the activated carbon's optimal performance in various applications
like adsorption, catalysis, or filtration. Additionally, supplementary techniques like
EDX surface area analysis can help confirm these observations and provide further
insight into the material's properties.

Calcium chloride enhances the chemical reaction that leads to the opening of
pores in the carbon structure, which increases the volume of the fine pores in the
activated carbon. These pores contribute to an increase in the surface area of the
activated carbon. Despite the increase in porosity, there may be a slight reduction in the
total volume of the particles themselves due to the partial breakdown of the carbon
structure.

3. 3. EDX Analysis

Fig. 4 shows EDX analysis of the activated carbon samples AC1, AC2 and AC3.
EDX analysis details the elemental composition in the samples. The data showed that
carbon, C, formed the highest percentage of the samples, which is expected since the
main raw material is date pits, mainly composed of carbon. The presence of oxygen can
be attributed to chemical bonds that stabilize the carbon atoms and residual moisture
remaining in the samples after activation. Chlorine was present in the samples, thus
representing the successful incorporation of calcium chloride during activation. In EDX
testing, very small amounts of Ca and Cl were detected, which can be attributed to the
mixtures. It simply means some chlorine was either chemically bonded to the carbon or
remained entrapped in such pores that were formed through activation. There was also
calcium, Ca, directly from the activating reagent used, which is calcium chloride. The
calcium might have complexed/bonded to the carbon matrix or still remained as
residues of the starting material. The trace amounts of P, Na, and Mg detected were
likely due to their natural presence in date pits or probably from some impurities of the
materials used during preparation. On the whole, EDX analysis confirmed the
incorporation of activation agents and provided information on the elemental
composition and probable impurities in the activated carbon samples.
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Figure 3: FE-SEM images of activated carbon samples (a) AC1, (b) AC2, and (c) AC3.
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Table 1. Elemental Composition via EDX Analysis of the Sample (AC1).

Spectrum 1
Element | Line Type | Weight % | Weight % Shigma | Atomic %
C K series 34.96 0.83 51.87
0 K series 26.96 0.62 30.02
Cl K series 15.65 0.27 7.87
P K series 21.16 0.35 9.41
P K series 0.70 0.08 0.40
Na K series 0.39 0.07 0.30
Mg K series 0.18 0.05 0.13
Total 100.00 100.00

B Spectrum 2

M Spectrum 3

Figure 4: EDX spectra of activated carbon samples AC1, AC2, and AC3.

Table 2. Elemental Composition via EDX Analysis of the Sample (AC2).

Spectrum 1
Element | Line Type | Weight % | Weight % Shigma | Atomic %
C K series 55.08 0.53 68.22
Cl K series 4.16 0.10 1.75
Ca K series 13.54 0.21 5.02
@) K series 26.51 0.54 24.65
P K series 0.55 0.06 0.26
Mg K series 0.16 0.04 0.10
Total 100.00 100.00
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Table 3. Elemental Composition via EDX Analysis of the Sample (AC3).

Spectrum 1
Element | Line Type | Weight % | Weight % Shigma | Atomic %
C K series 54.68 0.56 68.47
Cl K series 5.13 0.12 2.18
Ca K series 14.06 0.22 5.28
Mg K series 0.36 0.05 0.22
P K series 0.83 0.07 0.40
@) K series 24.94 0.55 23.45
Total 100.00 100.00

3. 4. FT-IR Analysis

Fig. 5 presents the FT-IR spectra of the activated carbon samples AC1, AC2, and
AC3. The data revealed several key functional groups and chemical bonds that provide
insight into the structural and chemical composition of the activated carbon. A very
prominent peak within the 3500-3200 cm™' wavenumber region can be associated with
the O-H stretching vibration of alcohol and phenol functional groups. This O-H stretch
could be due to either residual water molecules trapped in the carbon matrix or due to
hydroxyl groups bonded directly on the surface of the carbon. This bond indicates
incomplete drying or side reactions that have occurred during the activation process. An
increase in absorption intensity within the 1500-1350 cm™ region would indicate a
higher concentration of conjugated C=C bonds. Therefore, this increase in absorption
means that the activation process has successfully increased the surface area of the
carbon structure. These changes may also broaden or split the shape of the band due to
changes in the chemical environment of the C=C bonds. These changes could have been
caused by interactions with calcium chloride or new compound formation during
activation. The peak at 873.753 cm™! can be related to the stretching of the C-C bond of
the aromatic ring or the out-of-plane bending of the C-H bond of such rings. This peak
shows the graphitic structure that is present in the activated carbon. This graphitic
structure indicates that the carbonization process has been successful and highly ordered
carbon domains have been formed, which can enhance conductivity and adsorption
ability. More importantly, FT-IR analysis describes the chemical composition and
structural changes in activated carbon that give insights into the effectiveness of
activation and the resulting material properties.

O-H C=C

Transmittance (T%)

4000 3600 3200 2800 2400 2000 1600 1200 800 400

wave number (1/cm)
Figure 5: FT-IR spectra of activated carbon samples AC1, AC2, and AC3.
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4. Conclusions

Calcium chloride effectively converted date pits into valuable activated carbon. FE-
SEM results showed a drastic change in pore structure and surface area increment for
activated carbon produced with increasing concentrations of CaCl.. The FT-IR results
showed that conjugated carbon-carbon double bonds (C=C) increased. This indicates
that the surface area grew and pores formed. EDX analysis showed that carbon was the
main element, proving calcium chloride worked well during activation. The activated
carbon produced from this process showed commendable characteristics, such as water
purification, gas adsorption, and storage.
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