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Tensile strength; TGA; DSC. by going through three controlled processes: stabilization, carbonization,

and graphitization. In this study, polyacrylonitrile was synthesized by a
free radical polymerization at room temperature and characterized by
FTIR, and the viscosity average molecular weight was calculated. Then
PAN powder was converted to fibers by the electrospinning process, and
heat treatment of PAN fiber was done at 280 °C under atmospheric air
and at 800 °C under nitrogen atmosphere. The result showed that the
stabilized PAN fibers (SPAN) changed in color and the mechanical
strength was greater than that of unstabilized PAN fibers (30.4 °C for
SPAN and 26.6 °C for unstabilized PAN). The thermal study evaluation
was achieved by using TGA and DSC techniques, and the results showed
that the SPAN was more thermally stable than PAN fiber. Also, the DSC
study has shown that the PAN fiber was melted at 337 °C, while the
SPAN was not melted.

Introduction

It is well acknowledged that the currently utilized carbon fibres are exclusively derived from
polyacrylonitrile (PAN) precursors. PAN is a polymer with a chain of carbon atoms held together by a
covalent bond (see figure 1). It is hard, non-soluble, and melts quickly [1, 2]. Carbon fibers derived
from polyacrylonitrile (PAN) are more durable than those produced from alternative precursor
materials [3, 4]. Polyacrylonitrile (PAN) fiber is responsible for approximately 90% of global carbon
fibre production. Manufacturing PAN-based carbon fibres requires three distinct stages:

electrospinning, stabilization, and carbonization [5]. PAN is very cohesive because the presence of a
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nitrile group results in strong dipole-dipole interaction. Most synthetic fibres are used in textile
manufacturing, particularly in the creation of garments and technical textiles.

In recent years, there has been a growing interest in exploring novel fiber features, such as antibacterial
and photocatalytic properties and electrical conductivity. Some polymer fibers, like polyaniline,
polypyrrole, and polythiophene, have sensing properties but weak mechanical properties [6]. Thus, one
of the solutions is to combine some of these polymers with other polymers, especially PAN, to increase
their mechanical properties, facilitate their processing [7], and boost the PAN chain's stiffness, leading
to increased tensile strength [8, 9]. During stabilization, PAN precursors arrange themselves into a
ladder-like structure that improves thermal stability and carbon yield [10]. Electrospinning is a process
that resembles the act of drawing, albeit with the notable distinction of use electrical force. An
extremely powerful electrostatic field is used in the process of electrospinning to rapidly draw
polymeric solutions into extremely fine fibers [11]. Polyacrylonitrile is commercially obtained by
suspension polymerization in the presence of catalysts, such as ferric cation-anion persulfate and
bisulfite [12] or by adding free radicals and anionic polymerization [13]. Low-temperature treatment
of PAN results in carbon fiber with a high carbon yield and a molecular structure that is both thermally
stable and well orientated [14]. Due to their exceptional physical and mechanical characteristics, these
materials have garnered significant attention for their potential application in aerospace technology's

high-performance composites [15].
Experimental procedure

1. Materials
Acrylonitrile monomer (high purity), ethyl methyl ketone peroxide (initiator), and DMF were obtained

from Fluka Company, while acetone and tin octanoate catalysts were supplied from Merck Company.

2. Instrument

2.1. Fourier Transform Infrared (FTIR)

The FTIR spectra of PAN fiber were acquired using Shimadzu FTIR-8400s instruments. A disc
composed of potassium bromide was employed to record the spectra within the 400 to 4000 cm-1
range. In order to mitigate the effects of water, the potassium bromide (KBr) was subjected to a drying

process in an oven set at a temperature of 300 degrees Celsius.

2.2. Thermal Analysis (TGA and DSC)
The thermogravimetric analysis (TGA) findings of TGAQ50U20-13 Build 39 were subjected to

analysis. The dynamic scan was conducted within a nitrogen atmosphere with a 30 mL/min flow rate.

57



Mabhr, Ali, W.S. Hanoosh Iraqgi Journal of Natural Sciences and Nanotechnology 6 (2025) 56-65

The scan was performed over a 25-700 Co temperature range, using heating rates of 20, 30, and 40
mL/min. Differential scanning calorimetry (DSC) was conducted using a Shimadzu DSC-60
instrument to perform dynamic scans within a temperature range of 25-350°C. We scanned at a
constant heating rate of ten°C/min in a nitrogen atmosphere with a nitrogen flux of 20 ml/min

2.3. Scanning Electron Microscope (SEM)

The surface morphology of the prepared polymer fibers was studied by SEM on JEOL Model JISMT300
equipment operating at 20 kV. The samples underwent a gold-sputtering process prior to the
measurements. The readings were obtained by using an HP4192A impedance analyzer.

2.4. Atomic Force Microscopy (AFM)

To image the morphology and microstructures of polymer fibers, a dimension of 3100 AFM was used.
The optical images were acquired using the optical microscope integrated into the AFM instrument.
The system was operated using the tapping mode technique, employing a readily accessible silicon

probe.

3. Synthesis

3.1. Synthesis of PAN

The sample material for PAN was prepared, as the general procedure for polymer preparation, 10 ml
of acrylonitrile (AN) and 1.5% of ethyl methyl ketone peroxide as polymerization initiator [16] were
intensively mixed, and then 0.25% of tin octanoate as co-catalyst was added to promote the
polymerization reaction. Nitrogen gas was poured into the flask for about 1 hour to prevent oxygen.
Then, the mixture was heated at 40-45 C° in a closed flask (to avoid liquid evaporation) for 24 hours
to polymerize the AN, followed by treatment at 110 C°for 15 minutes. Then, the white powder polymer
was washed several times with warm water to remove unpolymerized AN and residue of initiator and
co-catalyst, filtered, and dried again at 110 C° for 1 hour. FTIR characterized the polymer, and its

viscosity and average molecular weight were determined.

3.2. Electrospinning of PAN

Polyacrylonitrile (PAN) preparation for the electrospinning process entailed the dissolution of 0.3
grams of the polymer in a 10 mL volume of dimethylformamide (DMF) solvent. After being stirred at
ambient temperature for roughly 24 hours, the solution was subsequently transferred to a 5ml plastic

syringe with a 23-gauge needle to achieve uniformity. The syringe needle was positioned at a distance
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of 10 cm from the target. An electrical potential of 10 KV was applied using a copper electrode
connected to the needle. The feed rate of the solution was set at 0.5 ml/h. All of the testing was

conducted in an outdoor, real-world setting. Figure 2 shows a schematic of electrospinning.

Results and discussion

1. Synthesis and Electrospinning of PAN

PAN is a homopolymer of the acrylonitrile monomer and features polar, pendent nitrile groups that
interact strongly via electrostatic forces. Several methods exist for polymerizing a monomer, such as
bulk polymerization, solution polymerization, or heterogeneous free radical polymerization, which
includes processes like suspension, emulsion, and aqueous dispersion polymerization [17, 18]. In this
study, bulk polymerization was achieved by using a free radical initiator (ethyl methyl ketone peroxide
and tin octanoates as co-catalysts). Scheme 1 shows the polymerization route.

RO—OR———— 20R v 1)
H, ,
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CN
(AN)
H2 H HZ .
RO—C—CH —>
CN CN
CN
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H2 H H2 . > / cC—C \
RO—C—C—C—CH . \ | /n
CN
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Scheme 1. Polymerization route of acrylonitrile monomer

The PAN fibers were characterized using FTIR, viscosity average molecular weight (Mv). Figure 1
shows the FTIR spectrum of PAN fibers. The complete range of absorption bands exhibited by PAN
was observed at wavenumbers of 3445, 2926, 2423, 1731, 1615, 1453, and 1250 cm™. The absorption
band observed in the polymer structure can be attributed to several factors, including the bending of
the C-H bond in CH2 and the stretching of N-H and C-H bonds. Additionally, the stretching of C=0
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and C=C bonds and the stretching of C=N and C=0 bonds contribute to the observed absorption band
[19]. The polymer's intrinsic viscosity [h] was measured by heating a solution of DMF in a water bath
to a consistent temperature of 35°C using an uncalibrated viscometer, as outlined in the study
conducted by Kashyap [20]. By utilizing the equation provided in reference [21], we successfully
ascertained the mean molecular weight of the viscosity.

[n]=2.8x10"*M,0®
Where 2.78 and 0.76 were K and a of PAN at 35 oC in DMF solvent, and from the result, the Mv was
18320 g/mol. On the other hand, the electrospinning process was conducted in an ambient atmosphere.
Figure 2 illustrates the electrospinning diagram.
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Figure 1. FTIR spectrum of PAN fiber.
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Figure 2. Electrospinning diagram

2. TGA Analysis

Thermogravimetry is the preferred method for determining a material's resistance to heat because it
only needs a small sample and can be finished in a matter of hours [22]. The thermal stability of PAN
and SPAN fibers was assessed by subjecting them to dynamic thermogravimetric analysis (TGA) under
a nitrogen atmosphere. Two distinct heating rates, namely 20-30 °C/min are observed. Figure 3-8
presents the Thermogravimetric Analysis (TGA) thermograms. According to the obtained results, the
optimum decomposition temperature (top) and the char residue of SPAN fiber are higher than PAN
fiber due to the formation of cyclic structure PAN through heat treatment of PAN fiber, which leads to
more thermal resistance. On the other hand, the degree of conversion was determined for both PAN
and SPAN fiber, and the result is shown in figures 9-11, while table 1 shows some thermal parameters
obtained from TGA thermograms

The batch experiments' findings showed that several factors had a major impact on the chromium ions'
interactions with the ACDP to achieve the highest removal percentage. These factors involved the
beginning pollutant concentration, the initial pH, the dose of the sorbent, the rate of agitation, and the
sorbent's particle size corresponding to 25 mg/l, 6, 2 g ACPD per 100 ml,250 rpm, and 250 pm
respectively to remove 95% of Cr(l11). Multiple types of sorption isotherm calculations were used to
match the kinetic measurements for the sorption of chromium ions onto ACDP, the SIPS sorption
isotherm proved to most closely approximate the data via a coefficient of determination (R2) of 0.996.
Due to the good agreement between the fitted and experimental results, the data for the sorption of Cr
(111) onto ACDP were found to obey the pseudo-second-order model, the most dominant mechanism

in the sorption process was chemisorption.
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