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Synthesis and Characterization of Porous Materials from Waste Wheat Bran

llknur Demiral | Canan Samdan’| Fatma Betil Kus
Eskisehir Osmangazi University, Faculty of Engineering and Architecture, Department of Chemical Engineering, 26480 Eskisehir, Turkiye.

Abstract

The purpose of this study was to investigate how the amount of ZnCl, and temperature affect the process of converting waste wheat bran,
known for its hemicellulose struc-ture, into porous material. The characterization of the wheat bran was done using proximate and primary
component analysis, and Thermogravimetric analysis (TG) test, Fourier Transform Infrared Spectroscopy (FT-IR) spectra, Energy-dispersive
X-ray spectroscopy (EDS) results, and Scanning electron microscopy (SEM) images. The influence of temperature on the surface
areas of activated carbons is more significant than the impact of varying the amount of ZnCl,. When the carbonization temperature reached
500 °C, porous structures developed, and the highest surface areas achieved for all impregnation ratios (1:1, 2:1, and 3:1) were 1234, 1478, and
1422 m?/g, respectively. Activated carbon was found to have acidic (0.88 mmol/g) and basic (0.54 mmol/g) functional groups on its surface,
after being synthesized through carbonization at 500 °C using ZnCl, at a 2:1 impregnation ratio in accordance with Boehm titration. This
promising activared carbon made from wheat bran, activated by ZnCl,, is efficient and environmentally friendly, and it is a potential solution

for water pollution treatment.

Keywords: Activated carbon, surface characterization, biomass (wheat bran), chemical activation, characterization

INTRODUCTION

Activated carbon is a porous material obtained by increasing
the carbon content of various materials such as wood, coal,
polymer, and biomass at high temperatures through different
activation processes. Activated carbons contain hydrogen,
nitrogen, sulfur, and oxygen in their internal structure and
functional groups attached to their external surfaces. The
quality of porous material vary depending on the raw material
and synthesis method used (Daoud et al. 2019; Azam et al.
2022). The traditional synthesis of activated carbon consists of
two basic steps: carbonization and activation. Carbonizationis
a process that involves the thermal decomposition of volatile
elements from the raw material in an environment without
oxygen. This process leads to the removal of components
other than carbon and results in the production of materials
with a high carbon content. Essentially, cross-links in raw
materials are broken down, and the volatile substance
content is reduced. During carbonization, the lignocellulosic
contents are broken down, which removes elements such as
nitrogen, oxygen, and hydrogen (Mahmoud Amer and Ahmed
Elwardany 2020).

Chemical activation is a process that doesn’t involve a
different carbonization level. The completely dehydrated
sample reacts by coming into contact with dehydrating
agents such as NaOH, KOH, ZnCl, and H,PO, (Reza et al.
2020). Activated carbon with well-developed porous areas
can be produced in a single step, reducing the production
of volatile matter during pyrolysis and minimizing particle
shrinkage and damage to the raw material surface. This
results in the production of activated carbon with high
efficiency and carbon content (Swiatkowski 1999). Biomass
and waste materials can be used to produce activated carbon
cost-effectively. These materials often have no economic
value, and waste disposal poses a problem. Converting them
into activated carbon can provide economic value but can
also reduce the cost of waste disposal. The use of biomass
as a raw material in the production of activated carbon can
provide a cheap alternative to commercial activated carbons.
Many materials, palm kernels, olive pits, waste sludge and
tires, bamboo powder, coconut shells, rice husks and straw,
jute fibers, zeolite, sugars, Chinese jujube seeds, wood
shavings, tropical trees, palm shells, corn cobs, walnut shells,
tobacco stalks, bean pods, hazelnut shells, banana peels,
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mangosteen shells are used in the production of activated
carbon (Rafatullah et al. 2010; Tadda et al. 2016).

Wheat is a crucial crop globally, and its production reached
790198 tonnes in 2022. In Turkey, the 10th largest wheat
producer, 15000 tonnes of wheat were planted (FAOSTAT
2024). Wheat bran, a by-product of wheat (approximately
25% by weight), amounts to around 3750 tons per year in
Turkey and is a renewable biomass source. It is derived from
wheat milling industries and is a readily available natural
material, suitable for producing an effective adsorbent.
For this reason, wheat bran has been seen as a suitable
raw material for the production of activated carbon as an
environmentally friendly and renewable resource and was
chosen as the carbon source in this study. Zhang and his team
utilized wheat bran as a renewable and less enduring source
to create carbon electrodes in supercapacitors. According
to their research, during the production of carbon via alkali
activation, the NaOH/precursor bulk mass was at the 4 state,
resulting in durable hexagon pores of carbon from wheat bran
with a visible surface area of 2562 m%/g (Zhang).

Koli et al., prepared activated carbons from wheat bran
which were mixed with H,SO, and carried out under a one-
step chemical activation under N, flow at 773K for 2 h. The
maximum Brunauer-Emmett-Teller (BET )surface area was
found 757 m?/g (Koli et al. 2024). Wang et al., reported on
wheat bran activated carbon which impregnated with KOH
(1:2) as activating agent under nitrogen gas flow rate of 60
cm?/min in a horizontal tubular furnace at 800 °C for 1 h
and had obtained a maximum BET surface area of 2189 m%/g
(Wang et al. 2015). Hu et al., prepared activated carbons
from wheat bran by chemical activation with ZnCl,, KOH and
ZnCl,-KOH as activating agents in a reactor under argon flow.
They report that two-step ZnClL-KOH activation process
was developed to produce wheat bran-derived biocarbon
with an high specific surface area of 3200.8 m¥/g (Hu et al.
2024). Around 80% of activated carbons are utilized in liquid-
phase applications and are recognized for their excellent
performance in eliminating contaminants from different
environments (loannidou and Zabaniotou 2007; Reza et
al. 2020). When ZnCl, is used, it plays a crucial role as a
dehydration agent during activation. Ma’s report suggests
that the production of ZnO may be explained by the following
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equations (1) and (2) (Ma 2017):

Lignocellu lose (CxH,,0,) +2ZnCl, e CxHy_0;-3 + Zny0Cly. 2H,0 + 2HCL + Tar Eq(])

Zn,0CL,.2H;0 2 ZnCly + Zn0 + 2H,0 Eq. (2)
At elevated temperatures, molten ZnCl, can facilitate
dehydration processes that result in the breakdown of the
polymer chains in lignocellulosic biomass, producing H,0
and a carbonaceous phase with thermoplastic properties
(Kierzek and Gryglewicz 2020; Zhao et al. 2022). ZnCl, can
then react with H,O to create Zn,0Cl,.2H,0. Subsequently,
the decomposition of Zn,OCl,.2H,0 can generate ZnCl, vapor.
The presence of ZnCl, vapor and its diffusion can contribute
to the development of the final porous carbon structure (Ma
et al. 2009; Morali et al. 2018). Also, ZnCl, helps to inhibit the
production of tar and facilitates the development of a high
surface area and porous structure (Demiral and Gindazoglu
2010; Zhao et al. 2022). ZnCl, was chosen as the chemical
activation agent in our study. In this study, activated carbons,
which have a wide range of usage areas, were produced
from wheat bran, which is a large mass of waste. Various
properties of the activated carbons produced using various
characterization methods, such as surface porosity, were
investigated. Activated carbon is a material that is used as
an important component in many industries. Our research,
which explores the creation of a substance that can generate
economic value from leftover wheat bran while also cutting
waste disposal expenses, can serve as a valuable model in the
literature.

MATERIALS AND METHOD

Devices and Chemicals

The raw material was ground using a Retsch SK-100 mill and
then sieved into different particle sizes using an ISO 3310-1
sieve set. For the chemical activation of the raw material, zinc
chloride (ZnCl) obtained from Merck was used. DAIHAN’s
SMH-6 Model heated magnetic stirrer was used for heating
and mixing during the impregnation processes of the raw
material. The carbonization process was carried out in a
Carbolite TZF 12/75/700 tube furnace. The surface properties
of the activated carbons obtained from wheat bran through
the chemical activation method, using ZnCl,, were measured
by N, adsorption. The measurements were performed by
changing the relative pressure (P/Po) in the range of 10-
6-1 at 77 K, using the Quantchrome Autosorb 1C device.
FT-IR analysis of raw materials and activated carbons was
carried out on the Perkin Elmer Spectrum device at Eskisehir
Osmangazi University Central Research Laboratory Research
and Application Center (ARUM). SEM photographs of the
raw material were taken at Eskisehir Osmangazi University
Central Research Laboratory Research and Application
Center (ARUM) with a Hitachi Refulus 8230 FE-SEM brand
device. A controlled temperature program (up to 1000 °C at
a heating rate of 10 °C/min) was applied to wheat bran in a
nitrogen atmosphere using the thermal analysis system (STA-
TG/DTA), and the mass change was measured as a function
of temperature. The amount of acidic-basic functional group
was determined by Boehm titration method of the activated
carbon produced at 500 °C at a 2:1impregnation ratio.
Production of Activated Carbons

Activated carbon was produced using the chemical activation
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method, wherein ZnCl, was selected as the chemical agent for
impregnation. The impregnation ratios (IRs) of the chemical
agent were determined as 1:1, 2:1, and 3:1, after which it was
mixed with 20 g of wheat bran and refluxed in a heated
magnetic stirrer at 80°C for 6 hours. Once the impregnation
process was completed, the sample was filtered, and the
water contained in the filtered product was completely
removed from the structure by drying it in the oven.To
produce activated carbon, wheat bran was treated with ZnCl,
and subjected to simultaneous carbonization and activation
processes. 10 g samples that had been impregnated with
ZnCl, were placed in a reactor. The process was carried out for
a duration of Thour in a vertical tube furnace at temperatures
ranging from 400 to 600 °C, starting from laboratory
temperature. The carbonization process was carried out in an
inert environment, with nitrogen gas flowing at a rate of 100
ml/min. After cooling, the samples were weighed and washed
in 0.5 M HCI solution, filtered, and then washed again with
boiling distilled water having a pH value of 6-7. Finally, the
washed samples were dried in an oven and weighed again.
The activated carbons that were created were given names in
the format of WB/temperature-/IR.

RESULTS AND DISCUSSION

Characterization of Wheat Bran

Wheat bran was characterized using proximate analysis
results, structural components, physical properties,
thermogravimetric analysis, FT-IR analysis, elemental analysis
and SEM analysis results.

Proximate analysis of wheat bran

The results of moisture, volatile matter, ash, fixed carbon
results of wheat bran are given in Table 1. Wheat bran’s low
ash content of 7.5% makes it a suitable material for producing
activated carbon. Ghodrat et al’s study investigated the in
vitro binding capacity of manganese (Mn), zinc (Zn), copper
(Cu), and iron (Fe) in wheat and barley. Their proximate
analysis findings for wheat bran are similar to our own
proximate analysis results. Ghodrat and colleagues found
that wheat bran comprises 4.6 wt% ash, 9.55 wt% moisture,
and 68.18 wt% volatile matter (Ghodrat et al. 2015). Ghodrat
et al. stated that wheat bran can be a suitable source of raw
materials for the production of activated carbon. In our study,
we thought that wheat bran with wt 7.5% ash content could
be a suitable carbon source.

Table 1 Proximate analysis of wheat bran

Proximate Analysis, %

Moisture 9.6 (ASTM D 4442 -92)
Ash 75 (ASTMD1102 - 84)
Volatile matter 67.4 (ASTM E 897-82)

Fixed carbon* 15.5

*Bydifference

Results of thermogravimetric analysis of wheat bran
TGA is a thermal analysis technique that observes the
mass change of a substance as it is exposed to controlled
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temperature and atmospheric environments, either as a
function of temperature or time (Escalante, 2022). The TGA
graph in Figure 1 shows how organic compounds in wheat
bran undergo thermal degradation. In the graph, the primary
Y-axis shows the % mass loss observed in the sample based
on the applied temperature (green line), the secondary Y-axis
shows the differential of the mass loss over time (orange line),
and the x-axis shows the temperature applied to the sample.

Derivative weight, %/min

Temperature, °C

Figure 1 TGA-DTG curve representing the thermal decomposition of
wheat bran

The TGA chart of wheat bran showed the first peak at
86.71°C, with a weight loss of 5.11%. This could be due to the
evaporation of water present in the bran. The next weight
loss occurred at 224.24°C, with a weight loss of 5.05%.
This is because the hemicellulose present in bran begins to
decompose at this temperature. According to a study by Li
et al. (2021), the hemicellulose in the structure of wheat bran
decomposes at 299°C. At 304.63°C, the wheat bran TGA plot
shows a faster weight loss (51.97%) (Li et al. 2021). It is believed
that this weight loss is due to the continued decomposition
of hemicellulose, as well as the decomposition of cellulose.
Cellulose decomposes at higher temperatures and is slower
than hemicellulose. It can be inferred that the mass loss that
continues from 394°C until 1111°C is due to the lignin present
in the bran (Escalante et al. 2022). The TGA curve of wheat
bran, which was studied by Pooladi et al., exhibits very similar
characteristics to the TGA curve we acquired in our own
research. Pooladi and colleagues noted in their research that
the decomposition of wheat bran occurs in three distinct
stages at temperature intervals of 50-180 °C, 200-800 °C,
and 800-1000 °C like our study results (Pooladi et al. 2021)
the uptake process of methylene blue (MB)

FT-IR analysis results of wheat bran

Infrared spectroscopy (IR) is a technique that relies on the
vibrations of atoms in the chemical composition of materials.
With FT-IR, researchers can detect the presence of many
functional groups in commonly used materials such as
adsorbents. For example, an adsorbent such as activated
carbon may contain various functional groups such as
carboxylic acids, quinones, phenolic groups, lactones, ketones,
ethers, pyridine-like groups, amides, and amines (Kabdasli et
al. 2009; Shafeeyan et al. 2010; Pellenz et al. 2023)application
of electrocoagulation using common electrode materials
(aluminum and stainless steel. The FT-IR image of wheat bran
is shown in Figure 2.
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Figure 2 FT-IR image of wheat bran

FT-IR spectroscopy provides detailed information about
the chemical bonds of organic components in wheat bran.
According to the analysis results, hydroxyl groups, methyl
and methylene groups, carboxylic acid groups, aldehyde or
ketone groups, aromatic ring vibrations, vibrations of hydroxyl
groups of cellulose, vibrations of glycosidic bonds of cellulose
were detected in the bran. The band at 3317 cm™ indicates the
presence of hydroxyl (-OH) groups (Fanning and Vannice
1993; Shafeeyan et al. 2011; Hoseinzadeh Hesas et al. 2013).
The peak at 2924 cm™indicates the presence of methyl (-CH3)
and methylene (-CH2-) groups (Shen et al. 2010; Kaouah
et al. 2013) The peak at 1736 cm™ indicates the presence of
carboxylic acid (-C=0) groups (Jia et al. 2001; Gulnaz et al.
2006; Biniak et al. 2013; Barroso-Bogeat et al. 2014). The peak
at 1655 cm indicates the presence of aldehyde (R-CHO) or
ketone (R-CO-R’) (Cagniant et al. 1998; Boonamnuayvitaya et
al. 2005; El-Hendawy 2006). The peak at 1549 cm™ indicates
the presence of aromatic ring (-C=C-) vibrations (Guo and
Rockstraw 2007; Momcilovic et al. 2011). The peaks at 1000-
1300 cm™ are assigned to C=0 stretching in acids, alcohols,
phenols, ethers, and esters (Gurten et al. 2012; Xu et al. 2014).
In a study by Silva et al., Fourier transform infrared (FTIR)
analysis of wheat bran was performed. Similar to the results
in our study, their analysis identified specific bond structures
indicating the presence of aromatic and organic compounds
such as hemicellulose and cellulose in wheat bran (Silva et al.
2022).

Results of elemental analysis of wheat bran

Table 2 shows the EDS analysis results of wheat bran. Based
on these data, it appears that wheat bran has a high carbon
content. The presence of nitrogen indicates that wheat bran
contains nitrogenous compounds such as proteins, amino
acids, and other organic compounds (Chaquilla-Quilca et
al. 2016). A high percentage of oxygen indicates that wheat
bran contains largely carbohydrates, oxygenated organic
compounds such as cellulose and lignin (Chaquilla-Quilca et
al. 2016).
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Table 2 EDS analysis results of wheat bran
%C %N %0

52,61 3,79 43,59

SEM image of wheat bran

The SEMimage of wheat branis given in Figure 3. According to
the images taken with the SEM device, raw wheat bran, which
has not been subjected to any chemical/physical effects, has
a non-porous structure (Figure 3). This shows that the raw
material has a very small surface area before activation and
carbonization.

Figure 3 SEM image of wheat bran

Activated Carbon Characterisation

The physical properties of activated carbons produced from
wheat bran with ZnCl, at different IRs by mass and at different
carbonization temperatures are given under this heading.

Physical properties of activated carbon

The properties of the surface pores of activated carbon vary
depending on the ratio of chemicals used in the production
process to the raw material and the temperature at which
carbonization is carried out. This process reveals the
carbonaceous structure and removes volatile components
from it. We synthesized activated carbons under various
conditions and have provided the properties of their porous

structures in Table 3.

When the surface areas of the samples are compared
according to the carbonization temperatures after chemical
impregnation at 1:1, 2:1 and 3:1 ZnCIZ/raw material ratios, it
shows that the carbonization process at 500 °C is effective in
increasing the surface area. In all IRs, micropore volumes first
increased from 400 °C to 500 °C and then were adversely
affected by the temperature increase. As the temperature
increased from 400 °C to 600 °C in 11 and 2:1IRs, the V_ /
V,, ratio changed in direct proportion to the temperature
increase, while the V__/V, . ratio was adversely affected.
Mean pore diameters contracted from 33.05 A to 23.40 A
for 1:1 and from 28.23 A to 22.92 A for 2:1 IRs, respectively.
In the 3:1 IR, the opposite results were encountered. When
the chemical impregnation process was carried out with a
ZnCIz/raw material ratio of 3, the increase in the temperature
at which carbonization took place (400 °C-600 °C) caused
changes in the micro and meso pore ratios. The change in
temperature caused Vmic/Vtot to change from 0.57 to 0.48 and
Vmez/Vtot to change from 0.43 to 0.52. With the increasing
temperature at the high impregnation ratio, the micropores
expanded and turned into meso pores.

When the surface areas covered by the porous structures of
the synthesized carbon-structured materials are compared to
the IR at 500 °C, the highest surface area and pore volume
were obtained as 1487m?/g and 117 cm?/g respectively at a
2:11R. As the amount of ZnCl, used in activation increased at
all temperatures, both micro and mesopores first increased
for IR 1:1 to 2:1 and then were adversely affected when the
IR increased from 2:1 to 3:1. Similar to our study findings,
Zhang et al. discovered that excessive chemical use leads
to the degradation of pore structures. They observed that
the activated carbons they produced from wheat bran with
NaOH displayed underdeveloped pore structures at a low
impregnation rate (IR; 3:1). Furthermore, they noted that the
pores were damaged when they employed high amounts of
alkali (IR: 5/:1) (Zhang et al. 2019).

These results highlight the effect of impregnation ratio and
temperature parameters on surface propertiesin the synthesis
of porous carbonaceous structures. It was concluded that
the study in the production of activated carbon by ZnCl,
activation from wheat bran at 600 °C and at an IR of 3:1
adversely affects the surface area. It has been determined
that the highest surface area can be achieved with activated

Table 3 Pore properties of carbonaceous structures synthesized under various conditions.

ID Seer (M2/9) V. (cm’/g)  V__(cm*/g) V. (cm*/g) V.V, VN, I(DA,,)
WB/400/1 427 0163 0189 0.352 0.46 0.54 33.05
WB/500/1 1234 0.477 0.257 0.734 0.65 0.35 23.75
WB/600/1 1056 0.425 0.216 0.641 0.66 0.34 23.4
WB/400/2 685 0.251 0.233 0.484 0.52 0.48 28.23
WB/500/2 1487 0.538 0.632 117 0.46 0.54 23.54
WB/600/2 1439 0.526 0.298 0.824 0.64 0.36 22.92
WB/400/3 681 0.251 0188 0.439 0.57 0.43 25.81
WB/500/3 1422 0.493 0.396 0.889 0.55 0.45 33.07
WB/600/3 1369 0.476 0.521 0.997 0.48 0.52 2913

99 Hittite Journal of Science and Engineering ¢ Volume 11 < Number 3



Demiral I, et al.

carbon production at 500 °C IR of 2:1. Examples of surface
areas of activated carbons produced from various sources are
given in Table 4.

Table 4 Production methods and surface areas of activated carbons
produced from various biomass sources.

Raw Activation Method Surface Reference
materials Area
NaOH /Chemical 2543 (Zhang et
Wheat Bran o
activation m%/g al. 2004)
H3POA/ Chemical 1283 (Daoud et
Date Palm e
activation m?/g al. 2019)
they
applied to
eliminate a
. H,PO, / Chemical 1896 commercial
Jujube beans e .
activation m?/g reactive dye
BEZAKTIV
Red S-Max
(BRSM
789
Barley stalk CO, / Physical activation 5
m?/g (Pallares et
Steam / Physical 553 al. 2018)
Barley stalk o
activation m?/g
ZnC2l, / Chemical 1704 (Angin
Cherry stone N
activation m?/g 2014)
ZnCl, / Chemical 1487 )
Wheat Bran o In this study
activation m?/g

Volumetric changes of N, gas adsorbed on the
surface of synthesized porous materials with relative
pressure

Adsorption-desorption isotherm are graphs that show
the relationship between the relative pressure applied at
constant temperature and the amount of gas adsorbed or
desorbed. Classified by the International Union of Pure and
Applied Chemistry (IUPAC), these isotherms are divided into
six different categories. Figure 4 presents the N, adsorption-
desorption isotherm graphs of porous materials synthesized
at three different temperatures when impregnation was made
using chemicals with the ZnCIz/raw material ratio of 1:1, 2:1and
3:1in the chemical activation stage.

—a— WE/400]
—a—WE/500'1
—a—TWE/600'1

___r’*_.—__"_“

Volume adsorbed, ens’/g
W
]
=

0 01 02 03 04 03 0.6 0,7 0,8 09 1
P/PO

(a

Hittite Journal of Science and Engineering * Volume 11

—8—WE/4002
—a— WE/3002
—t—WE/002

Volume adsorbed, cm™g
"

—t WE/ 4003
B WE/ 5003
i WE/S003

Volume adsorbed, cm*'z

BF0

©

Figure 4 N, adsorption-desorption isotherm graphs of porous
materials synthesized at three different temperatures at (a) 1:11R, (b)
2:11R, and (¢) 3:11R.

As shown in Figure 4 (a) and (b), our activated carbon
samples have been rigorously tested and found to comply
with Type | isotherms as classified by IUPAC. This confirms
that the pore structures of our product have more micro-sized
pore diameters. Type | isotherms exhibit a rapid rise at low
pressures, which then slows down as saturation is reached
(Leong et al. 2019). The WB/400/3 conformed to Type |
isotherms, while the WB/500/3 and WB/600/3 samples
conformed to Type | and Type IV isotherms (Figure 4 (c)).
Type IV isotherms are characterized by hysteresis resulting
from intrapore condensations at high relative pressures. They
are commonly found in porous materials with narrow-mouth
pore structures containing mesopores (Meng et al. 2019).

Pore size distributions of synthesized porous materials
The pore structures of various adsorbents may vary
in different widths, lengths and diameters. Figure 5 shows
the diversity of pore sizes for each sample.

0.050 ——WEAI01
—s—TWE/500']
0,030 1 WE/G00']
w0040
-
g 0,030 4
3
T 0,020 1
P
0,010 1
0,000
0
Pore Width, A
@
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Figure 5 Pore size distributions of porous materials synthesized at
three different temperatures at (a) 1:11R, (b) 2:1IR, and (c) 3:1IR

Figure 5 shows the pore size distributions of activated carbons
produced at different IRs and carbonization temperatures. As
a result of the examination, it is seen that the vast majority
of these activated carbons have micropores between 10-20 A
(1-2 nm). However, meso pore peaks between 20-60 A were
also detected in some samples.

Acidic groups and basic groups amounts of synthesized
porous materials determined by Boehm method

Among the activated carbons produced in this study,
the highest surface area was obtained in WB/500/2.
Acidic groups and basic groups amounts of WB/500/2 is
given in Table 5.

Table 5 Acidic groups and basic groups amounts of WB/500/2.

Total acidic Total basic Lactonic Phenolic Carboxyllic
group group (mmol/g) (mmol/g) (mmol/g)
(mmol/g) (mmol/g)

0.88 0.54 0.1 0.44 0.3

Boehm titration is a widely used method for determining the
organic structural functionality of carbonaceous materials.
This method separates various surface functional groups from
each other using NaOH, Na,CO,, and NaHCO, compounds.
NaHCO, detects carboxylic groups, Na,CO, detects lactonic
groups, and NaOH detects phenolic groups. The method is
very effective in determining the functional groups in the
structure, especially in adsorption studies (Liu et al. 2018). The
total acidity and alkalinity values of the WB/500/2 sample
were determined to be 0.88 and 0.54 mml/g, respectively. It
can be said that the sample contains lactonic, phenolic, and
carboxylic groups on its surface. Activated carbon has an
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amphoteric structure with both acidic and basic functional
groups on its surface.

FT-IR analysis results of synthesized porous materials
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Figure 6 (a) shows FT-IR images of samples WB/500/1, WB/500/2
and WB/500/3 while Figure 6 (b) displays FT-IR images of samples
WB/400/2, WB/500/2 and WB/600/2.

The IR spectraseenin Figure 6 shows peaks at 2885, 1574,1220,
1157 and 874, 816 cm™. The peak at 3794 cm™ in the spectra
of WB/500/2 and WB/600/2 may indicate the presence of
hydroxyl (-OH) groups (Fanning and Vannice 1993; Shafeeyan
et al. 2011; Hoseinzadeh Hesas et al. 2013). The peaks seen
between 2800-2000 cm™ are generally attributed to v(C=C)
vibration in alkyne groups and v(C-H) bond vibrations in
aldehydes (Boonamnuayvitaya et al. 2005; Deng et al. 2009;
Hoseinzadeh Hesas et al. 2013). The broad band seen at 1574
cm? indicates the presence of v (C=C) bonds in aromatic
functional groups (Baccar et al. 2009; Kaouah et al. 2013). This
indicates that there are aromatic components in the structure
of activated carbon. The band at 1220 cm™ may indicate the
presence of v(C-0) bonds (Guo and Rockstraw 2007; Liu et al.
2010). The peak at 874 cm™may indicate the presence of C-Cl
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bonds. In the structure of this activated carbon, chlorinated
components from ZnCl, can be found (Mahapatra et al. 2012).

Elemental analysis results of synthesized

porous materials

The elemental analysis results of the samples WB/500/1,
WB/500/2 and WB/500/3 are given in Table 6. According to
the results, when the IR value increased from 1:1 to 2:1 at 500
°C, the carbon composition of the activated carbon first
increased slightly. When the IR value increased to 3:1, the
carbon amount decreased. This indicates that large amounts
of ZnCI? result in a lower carbon yield. Moreover, as the
impregnation ratio increased, there was a decrease in the
nitrogen composition and an increase in the oxygen
composition. This suggests that on the synthesized porous
materials, the number of N-containing functional groups
decreased while oxygen-containing groups increased.

Table 6 The elemental analysis results of the samples WB/500/1,
WB/500/2 and WB/500/3.

%C %N %0
WB/500/1 86.43 5.76 6.93
WB/500/2 88.41 417 6.89
WB/500/3 73.21 0.67 2612

SEM (Scanning Electron Microscope) images of
synthesized porous materials

The SEMimages of the WB/400/2, WB/500/2 and WB/600/2
examples are given Figure 7. From Figure 7, the change in
the pore structure of the activated carbon according to the
production temperature can be seen in the 2:1 IR. When the
images are examined, it can be seen that the pores of the
WB/400/2 sample have started to form, the WB/500/2
sample has more prominent and larger pores, and the
WB/600/2 has a less porous structure.

These results show that production temperature conditions
have a significant effect on the pore structure of activated
carbon. Activated carbons produced at 500 °C tend to
have larger and more prominent pores. However, when the
temperature is raised to 600 °C, the structure of the pores
can be disrupted and adversely affect the surface area of the
activated carbon.

Figure 7 SEM images of synthesized porous materials at 1000 and
25000 magnifications, (a) WB/400/2, (b) WB/500/2 and, (c)
WB/600/2

©

Figure 8 SEM images of synthesized porous materials at 1000
and 25000 magnifications, (a) WB/500/1, (b) WB/500/2 and, (c)
WB/500/3

The SEM images presented in Figure 8 illustrate the impact of
the impregnation ratio on the pore structure of synthesized
porous materials during its production process. Synthesized
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