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1- INTRODUCTION 

Carbon nanofibers have received great attention due to 

their superiority in chemical, electrical, and mechanical 

properties, combined with their unique nanostructure and 

characteristics. Carbon nanofibers are defined as 

materials consisting of very fine fibers with diameters in 

the nanometer range, composed mostly of carbon atoms 

bonded together in microscopic crystals oriented parallel 

or otherwise to the fiber axis. This orientation makes the 

fibers very strong compared to their size. 

 

With the emergence of the electrospinning technique and 

its development and entry into the practical field in the 

period between 2000-2010, eyes turned towards forming 

electrospun carbon nanofibers. In 2009, researchers were 

able to produce a carbon nanofiber network prepared 

from electrospun fibers, and since then, this topic has 

become the focus of many researchers.
[1], [2] 

 

2- Research Objective 

The objective of this research is to form non-woven 

networks of nanofibers using the electrospinning method 
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ABSTRACT 

In this research, non-woven carbon nanofiber networks were fabricated starting from acrylic yarn polymer. The 

yarns were recycled by dissolving them in N,N-Dimethylformamide (DMF) solvent to form a polymer solution. 

The optimal conditions for the electrospinning process were determined, and the electrospinning process was 

conducted to obtain a non-woven nanofiber network. Subsequently, heat treatment processes were performed on 

the prepared networks through thermal stabilization by placing the sample in an oven up to a temperature of 230°C 

for two hours to ensure structural stability.Then, the carbonization process was carried out under different 

operating conditions (gas used and temperature) with a heating rate of one degree per minute, aimed at removing 

non-carbon elements. The samples were analyzed using a scanning electron microscope (SEM) to determine the 

morphological structure of the prepared samples. EDX analysis was also performed to determine the carbon 

percentage in the sample and to ensure the formation of a non-woven carbon nanofiber network. The results 

obtained by exposing the sample to heat and Argon gas up to 750°C were compared with a carbon nanofiber 

sample prepared at 650°C in the presence of Nitrogen. Finally, The electrical conductivity of the prepared carbon 

nanofiber network was measured using a four-probe device, it was (84.11 S/cm). 

 

KEYWORDS: Acrylic yarns, Carbon Nanofibers (CNF), Thermal stabilization, Electrospinning, Carbonization, 

Non-woven network. 
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under specific and ideal conditions starting from recycled 

acrylic yarns, thermally stabilizing them, and then 

performing the carbonization process in an inert 

atmosphere and at high temperatures to obtain carbon 

nanofibers. This is done while varying some operating 

conditions and selecting the best conditions to improve 

some structural properties and reach the highest possible 

carbon percentage in the resulting samples as a result of 

modifying some operating conditions. 

 

3- MATERIALS AND RESEARCH METHODS 

3-1- Materials used in the research 

 Acrylic yarns. 

 N,N-Dimethylformamide (DMF) solvent (99.7%). 

Chemical Formula: (CH3)2NC(OH) 

 

3-2- Devices and tools used in the research 

 Electrospinning device located in the Nanofibers 

Lab, Department of Textile Engineering and 

Spinning, Faculty of Chemical and Petroleum 

Engineering -Homs University. 

 G18 size needle. 

 Heater with magnetic stirrer (Nanofibers Lab). 

 Thermal stabilization oven (Textile Chemistry Lab). 

 Muffle furnace (Textile Chemistry Lab). 

 Nitrogen gas cylinder (Textile Chemistry Lab). 

 Argon gas cylinder (99% purity) (Textile Chemistry 

Lab). 

 

3-3- Method of Work 
The experiments were completed according to the 

following sequence. 

a- Preparation of the acrylic solution and determining the 

appropriate conditions for the 

electrospinning process and producing samples of 

nanofiber networks using the electrospinning technique. 

b- Performing a thermal stabilization process for the 

resulting nanofiber network in hot air for two hours at a 

temperature of 230°C.
[3]

 

c- Performing the carbonization process for the thermally 

stabilized nanofiber network. 

1_ Exposing the sample to heat within a Nitrogen 

atmosphere. 

2_ Performing the carbonization process for the 

thermally stabilized nanofiber network with direct 

exposure to Argon gas.
[3], [4]

 

 

d- Conducting tests to determine the effect of changing 

some operating conditions on the resulting nanofiber 

network: 

1- Examining the samples using the Scanning Electron 

Microscope (SEM) and determining the change in the 

diameter of the nanofibers resulting from thermal 

treatments and changes in some operating conditions. 

2- Determining the carbon percentage in the samples 

using the EDX test, and determining the change in 

carbon percentage resulting from thermal treatments and 

changes in some operating conditions. 

 

A) Production of a nanofiber network using the 

electrospinning technique 

Preparation of the polymeric acrylic solution 

Acrylic yarns are weighed and placed in a glass beaker, 

then dimethyl formamide is added (density 0.99). 

Heating is carried out with stirring using a magnetic 

stirrer up to (100°C), and heating is continued for three 

hours until complete dissolution of the yarns is 

observed.
[5],[6] 

 

Electrospinning process: The optimum conditions are 

determined (electrospinning process variables), under 

which the electrospinning process can be carried out and 

polyacrylic nanofibers obtained. These parameters were 

determined after conducting many experiments until 

reaching the appropriate concentration and suitable 

values, as follows. 

 

Table 1: Optimum conditions for the electrospinning process obtained experimentally. 

Acrylic yarn 

concentration (g/100 ml) 

Applied voltage 

(kV) 

Distance between collector 

and needle (cm) 

Flow rate 

(ml/hr) 

18 20 10 2 

 

After determining the optimal parameter values for the 

electrospinning process, we perform the electrospinning 

process (Figure (1)) using the electrospinning device 

located at homs University -Faculty of Chemical and 

Petroleum Engineering - Department of Textile and 

Spinning Engineering (Figure (2)). 
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Figure (1): Schematic diagram for the preparation of the polymer solution, the electrospinning process, and 

subsequent heat treatments.
[7] 

 

 
Figure (2): Electrospinning Device. 

 

After the completion of spinning the sample, the product is carefully removed from the collector (Figure(3)). 

 

 
Figure (3): Samples resulting from the electrospinning process of the acrylic solution. 

 

B) Performing a Thermal Stabilization Process for 

the Resulting Fiber Network 

Thermal stabilization leads to the formation of a cyclic 

structure or what is known as the ladder structure. This 

occurs through creating cross-links between the 

molecular chains of Polyacrylonitrile (PAN) fibers. This 

step is necessary to maintain the chemical structural 

stability of the PAN fibers during the carbonization 

process. In this step, the sample is fixed with special 

clamps and placed in a muffle furnace in a hot air 

atmosphere. The maximum temperature is set at 230°C 

and the time required to reach this temperature is 

determined (120 minutes) (Figure (4)).
[8], [9] 
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Figure (4): Sample resulting from the thermal stabilization process of the prepared fiber network. 

. 

C) Performing the Carbonization Process for the 

Thermally Stabilized Nanofiber Network 

The carbonization or charring process aims to convert 

the thermally stabilized nanofiber networks into carbon 

fibers by heating to high temperatures in an atmosphere 

free of air. During this stage, the carbon content 

increases while maintaining the morphological structure 

of the fibers and the partial crystalline structure, noting 

that most non-carbon elements are removed during the 

carbonization process.
[10]

 In this process, the thermally 

stabilized sample was fixed with special clamps and 

placed inside the muffle furnace in an inert atmosphere. 

The temperature was raised slowly to the required value 

(at a rate of one degree per minute) according to the 

following. 

 

1- By exposing the sample to thermal treatment with 

a temperature elevation rate of 1°C per minute, 

accompanied by the injection of nitrogen gas into the 

carbonization chamber. It was observed that the 

samplemaintained its structural integrity up to 

650°C, whereas fragmentation and shattering of the 

sample occurredbeyond this temperature. 

Consequently, the carbonization process was 

optimized and concluded at 650 °C. Figure (5). 

 

 
Figure (5): Schematic Diagram of the Carbonization Chamber. 

 

2- The carbonization process for the thermally stabilized nanofiber network was performed with direct exposure 

to pure Argon gas up to 750°C, Figure (6).
[11]

 

 
Figure (6): Schematic Diagram of the Carbonization Chamber. 
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Figure (7): The sample resulting from the carbonization process of the thermally stabilized nanofiber network. 

 

D-Conducting tests to determine the effect of varying 

certain operating conditions on the resulting 

nanofiber network. 

 

1- Morphological Analysis using Scanning Electron 

Microscopy(SEM) 

The samples were scanned using Scanning Electron 

Microscopy (SEM) to determine the changes in the 

morphological structure (shape changes) resulting from 

the thermal stabilization and carbonization processes 

under different operating conditions. Changes in the 

diameters of the nanofibers were also determined 

following the applied thermal treatments using ImageJ 

software. A decrease in the average diameter of the 

resulting nanofibers was observed as a result of the 

applied thermal treatments, where the average diameter 

was. 116 nm for the electrospun acrylic sample. 

102 nm for the thermally stabilized acrylic sample. 

75 nm for the carbonized nanofiber sample prepared in 

the presence of Nitrogen at 650°C. 

68 nm for the carbonized nanofiber sample prepared in 

the presence of pure Argon at 750°C. 

 

A decrease in the average diameter of the nanofibers is 

observed as a result of increasing the applied heat 

temperature. This is due to the disposal of moisture 

present in the sample, sample shrinkage, removal of non-

carbon elements, and the transformation of the linear 

atomic structure of the acrylic nanofibers into a cyclic 

structure in the carbon nanofibers.
[11], [12] 

 

Below are the scanning electron microscope (SEM) 

images of the samples along with diameter 

measurements using (image j) software. 

 

1- acrylic nanofiber network sample 

    
Figure (8): SEM image of the prepared acrylic nanofiber network sample; average diameter recorded was 116 

nm using ImageJ. 
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2- the thermally stabilized acrylic nanofiber network sample 

 
Figure (9): SEM image of the thermally stabilized acrylic nanofiber network sample; average diameter recorded 

was 102 nm using ImageJ. 

 

3-carbonized polyacrylonitrile  nanofiber network sample 

    
Figure (10): SEM images of carbonized acrylic nanofiber network samples: a) in Nitrogen up to 650°C, b) with 

direct exposure to Argon gas up to 750°C. 

 

The diameters were measured using image j software, 

recording an average diameter of 75 nm  in the presence 

of nitrogen up to 650 °C, and an average diameter of 68 

nm under direct exposure to pure argon gas up to 750°C 

 

2- Determination of Carbon Percentage in Samples 

using 
The percentage of the carbon element in the prepared 

samples was determined using the EDX test. The results 

showed that the carbon percentage in the acrylic 

nanofiber network sample was 59%, while the 

percentage in the thermally stabilized sample was 

65.23%. As for the carbonized acrylic nanofiber network 

at 650°C in the presence of Nitrogen, it was 84.63%, 

whereas the carbon percentage in the carbonized acrylic 

nanofiber network at 750°C with direct exposure to pure 

Argon gas was 89.67%. 

 

This means a non-woven network of carbon nanofibers  

was obtained. The difference in carbon percentage is 

attributed to the fact that most non-carbon elements are 

removed as a result of the applied thermal treatments. 

Changing some carbonization process conditions through 

direct exposure of the sample to pure Argon gas allowed 

us to raise the carbonization temperature up to 750°C 

while maintaining the sample's cohesion. This led to the 

removal of more non-carbon elements and consequently 

an increase in the sample's carbon content. This is 

because higher carbonization temperatures provide more 

of the energy required to expel non-carbon elements. 

 

Furthermore, the type of inert gas used and its purity play 

a significant role in the final carbon percentage in the 

sample. Some studies have shown that the use of 

Nitrogen gas may lead to the appearance of nitrogen 

element in the sample, while treatment in a pure Argon 

atmosphere ensures a clean environment free of Oxygen, 

which improves the efficiency of the carbonization 

process.
[11], [12], [13] 
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1- acrylic nanofiber network sample 

 
Figure (11): Elements composing the acrylic nanofiber sample with the mass percentages of the elements. 

 

 
Figure (12): Elements composing the acrylic nanofiber sample. 
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2- the thermally stabilized acrylic nanofiber network sample. 

 
Figure (13): Elements composing the thermally stabilized acrylic nanofiber sample with the mass percentages of 

the elements. 

 

 
Figure (14): Elements composing the thermally stabilized acrylic nanofiber sample. 

 

3-carbonized polyacrylonitrile nanofiber network sample 

 
Figure (15): Elements composing the carbonized acrylic nanofiber network samples at 650°C. 
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Figure (16): Elements composing the carbonized acrylic nanofiber network samples at 650°C with the mass 

percentages of the elements. 

 

 
Figure (17): Elements composing the carbonized acrylic nanofiber network samples at 750°C with the mass 

percentages of the elements. 

 

 
Figure (18): Elements composing the carbonized acrylic nanofiber network samples at 750°C. 
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Figure (19): The relationship between the applied temperature and the carbon percentage in the sample: 1. 

Under direct exposure to argon gas 2.In a nitrogen atmosphere. 

 

 
Figure (20): The relationship between the applied temperature and the diameters of the nanofibersin the 

sample: 1. Under direct exposure to argon gas 2. In a nitrogen atmosphere. 

 

3- Determination of Electrical Conductivity of 

Carbon Nanofiber Network 

The electrical conductivity of the prepared samples was 

measured using the four-probe device at the Higher 

Institute for Applied Sciences and Technology in 

Damascus. This device calculates specific electrical 

resistance based on the relationship between applied 

currents and the resulting voltages. The results showed 

that the carbon nanofiber network exhibited high 

electrical conductivity (84.11 S/cm). 

 

This high conductivity is explained by the fact that the 

carbon compounds have SP2 hybridization, where each 

carbon atom possesses four bonds: three sigma (σ) 

bonds, which are very strong and require high energy to 

break (responsible for the stiffness of carbon 

compounds), and one pi (π) bond, which is crucial as it 

grants carbon compounds most of their kinetic, thermal, 

and electrical properties. Electrons in (π) bonds are 

loosely bound to the atoms and require only a small 

amount of energy to be excited.. 

 

CONCLUSION 

 Nanofiber networks ewre prepared from acrylic by 

dissolving it in DMF and performing the 

electrospinning process under optimal conditions, 

resulting in a network with an average diameter of 

116nm. 

 Carbon nanofiber networks were prepared through 

two successive thermal treatments: thermal 

stabilization (at 230°C in air) and carbonization. 

 The thermal stabilization process was carried out in 

a furnace with a gradual and slow increase in 

temperature to ensure structural stability during 

carbonization. 

 The carbonization process increased the carbon 

content and removed most non-carbon elements. 
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 Carbon nanofibers with an average diameter of 

75nm and a carbon percentage of 84.63% were 

obtained when treated in Nitrogen up to 650°C. 

 Carbon nanofibers with an average diameter of 

68nm and a carbon percentage of 89.67% were 

obtained when treated with direct exposure to Argon 

gas up to 750°C. 

 The change in some carbonization conditions, 

specifically the direct exposure of the sample to pure 

Argon gas, enabled us to raise the carbonization 

temperature up to 750°C while maintaining the 

sample's cohesion. This led to the removal of more 

non-carbon elements and consequently an increase 

in the sample's carbon content. Additionally, the 

average diameter of the nanofibers decreased as a 

result of the applied thermal treatments, improving 

the structural properties of the carbon nanofiber 

network. 

 The average diameter of the nanofibers shrinks due 

to the removal of moisture, sample contraction, 

removal of noncarbon elements, and the 

transformation of the linear atomic structure of 

acrylic nanofibers into a cyclic structure in the 

carbon nanofibers (Figure 19). 

 

 
Figure (21): Change in the atomic structure of acrylic due to thermal treatments.

[16]
 

 

 The carbon nanofiber network exhibited high 

conductivity (84.11 S/cm). This is explained by the 

fact that the hybridization pattern of the bonds in 

carbon compounds is (sp²), where each carbon atom 

in carbon compounds possesses four bonds: 

- three (σ) bonds, which are strong bonds requiring 

high energy to break and are responsible for the 

hardness of carbon compounds 

- 0ne (π) bond, its importance lies in the fact that it 

imparts to carbon compounds most of their dynamic 

properties, such as thermal, electrical, and magnetic 

properties. The (π) electrons are considered weakly 

bound between the atoms, meaning they require a 

minimal amount of energy to be excited. 

. 
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