
  

INVESTIGATION OF THE EFFECT OF DIAMETERS OF POLYACRYLONITRILE 

NANO FIBER WITH CARBON NANOTUBE ON MECHANICAL PROPERTIES 

Assist.Prof.Dr..Gürol Ö.1, Assoc.Prof.Dr..Kevser D1 

 
1Selcuk University, Department of Mechanical Engineering, Konya/TURKEY 

Email:gonal@selcuk.edu.tr, kdincer@selcuk.edu.tr, 

 

 

 
Abstract: In this study, pure polyacrylonitrile (PAN) nano fiber (8 wt. %) and PAN nano fiber with multi-walled carbon nanotubes 

(MWCNT) were prepared. The content of MWCNT was (1, 3 and 5 wt.%). Electrospin device was used in nanofiber production. Nano 

diameters of the produced nanofibers were examined by Scanning electron microscopy (SEM). The nanofiber samples were cut 0.5 cm wide 

and 2 cm long. These samples were subjected to a tensile test on the Shimadzu device. The effect of nanofiber diameters on mechanical 

properties was investigated. All the MWCNT based composite nanofibers presented larger diameters than those of pure PAN nanofibers. 

The maximum stress value (76.60 kN) was found to be at PAN nanofiber with 1%  MWCNT (average nano fiber diameter is 369.45 nm). 
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1. Introduction 
 

        Until now electrospinning has been considered to be relatively 

the simplest process for producing materials at nano-scale. However, 

it has been stipulated that the physic behind it is not easy to 

understand since the properties of the electrospun nanofibers can be 

significantly influenced by many parameters. Electrospun nanofibers 

present unique properties such as a high surface area to volume ratio, 

lightweight, high porosity, good thermal, mechanical, electrical and 

flexibility properties. Materials obtained from electrospinning 

technique can find a wide range of applications, notably in electronic, 

medicine, environment protection, energy conversion and storage, and 

so on [1]. Electrospin-produced nanofibers are generally preferred as 

additives and fillers [2, 3, 4].  

     The hexagonal ring structure of CNT is used as a strengthening 

element since it develops mechanical characteristics. CNT not only 

increases the mechanical properties but also the electrical and thermal 

conductivity values. For this reason, CNT is added to the polymer in 

the process of obtaining nanofibers by electrospinning. These 

materials are always preferred due to their physicochemical properties 

[5]. Ju et al. [6] reported that thinner nanofibers could be produced 

with the preference of the electrospin method, and that the CNT-

added solution generally had high electrical conductivity when 

compared to the CNT-free solution.  This method is a unique 

technique for producing nanofibers with CNT added to provide non-

woven structure. However, the success of this method depends on the 

distribution of CNT among the nanofibers.  

         Nanotubes are categorized as single-walled nanotubes (SWNTs) 

and multi-walled nanotubes (MWNTs). Individual nanotubes 

naturally align themselves into "ropes" held together by van der Waals 

forces, more specifically, pi-stacking. Multi-walled nanotubes 

(MWNTs) consist of multiple rolled layers (concentric tubes) of 

graphene. There are two models that can be used to describe the 

structures of multi-walled nanotubes. In the Russian Doll model, 

sheets of graphite are arranged in concentric cylinders, e.g., a (0,8) 

single-walled nanotube (SWNT) within a larger (0,17) single-walled 

nanotube. In the Parchment model, a single sheet of graphite is rolled 

in around itself, resembling a scroll of parchment or a rolled 

newspaper. The interlayer distance in multi-walled nanotubes is close 

to the distance between graphene layers in graphite, approximately 3.4 

Å. The Russian Doll structure is observed more commonly. Its 

individual shells can be described as SWNTs, which can be metallic 

or semiconducting. Because of statistical probability and restrictions 

on the relative diameters of the individual tubes, one of the shells, and 

thus the whole MWNT, is usually a zero-gap metal [7]. 

        In this study, PAN nano fiber and PAN nano fiber with MWCNT 

were prepared. The content of multi-walled nanotube is (1, 3 and 5 

wt.%). Investigation of the effect of diameters of polyacrylonitrile 

nano fiber with carbon nanotube on mechanical properties (at Selcuk 

Universtiy condition). 

 

 

2. Material and Method 

 

2.1. Fabrication of pure PAN nanofibers and PAN 

nanofibers with MWCNT 

 
Electrospinning is a unique approach using electrostatic forces 

to produce fine fibers. Polymer solution or the melt that has to be 

spun is forced through a syringe pump to form a pendant drop of 

the polymer at the tip of the capillary. High voltage potential is 

applied to the polymer solution inside the syringe through an 

immersed electrode, thereby inducing free charges into the polymer 

solution. These charged ions move in response to the applied 

electric field towards the electrode of opposite polarity, thereby 

transferring tensile forces to the polymer liquid. At the tip of the 

capillary, the pendant hemispherical polymer drop takes a cone like 

projection in the presence of an electric field. And, when the 

applied potential reaches a critical value required to overcome the 

surface tension of the liquid, a jet of liquid is ejected from the cone 

tip [8]. 

The equipment and chemicals used in this study for the 

preparation of the solutions, production and characterization of 

nanofibers are listed in the Table 1.  

 

Table 1. List of materials 

 

Equipments or chemicals Description 

Polyacronitrile (PAN), 

150,000g/mol of (Mw) 

From the Sigma 

Aldrich Co. 

N, N- Dimethylformamide 

anhydrous, 99.8% 

From the Sigma 

Aldrich Co. 

MWCNT, 20 nm %99.9 From Nanografi 

Stainless steel needles  
With 0.8ml as 

inner diameter 

Digital balance  

Syringe pump  

Magnetic fish  

Collector    

Magnetic stirrer  

High voltage power supply  

Masks  

Gloves  

Scissors  

SEM  

Tensile test  

TEM  
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All the electrospinning solutions were prepared in the same 

way, the used procedure can be presented as follows (Fig.1): 

 

 Weigh the required amount of chemicals (PAN and DMF) 

using the digital balance, 

 

 Homogenization of PAN/DMF mixture using magnetic 

stirrer for 3 hours, 

 

 Once the second step is successfully achieved, weigh the 

mass of the obtained homogeneous solution using again the 

digital balance, 

 

 According to the quantity of mass obtained in the third step, 

calculate the required amount of MWCNT in relation to 

their respective percentage which must be introduced in the 

previous PAN/DMF solution, 

 

 Pour the required amount of MWCNT in the PAN/DMF 

solution, 

 

 Homogenization of the new PAN/DMF/ MWCNT mixture 

using magnetic stirrer for an hour, 

 

 Once the sixth step is successfully achieved then, withdraw 

the solution from the magnetic stirrer until it reaches the 

room temperature, 

 

 The last step is pouring the solution in the syringe. 
 

 

Fig. 1. Preparation and electrospinning process of 8 wt. % PAN 

polymer content solution (a) DMF, (b) PAN, (c) solution of PAN and 

DMF on the magnetic stirrer, (d) MWCNT, (e) solution of PAN and 

DMF with MWCNT on the magnetic stirrer, (f) solution of PAN and 

DMF with MWCNT was waiting at the room temperature 

 

After the homogenization process, in each case the solution was 

brought to the room temperature. Then, the prepared electrospinning 

solutions were poured into a 2.5 mL syringe pump with 0.8 mm as 

inner diameter in order to proceed with the electrospinning setup. The 

applied voltage was 15 kV. The needle to the collector distance was 

12 cm. The solution flow rate maintained at 2 mL/h.Rotating speed 

was 112.5 rpm. The electrospinning process was carried out (Fig. 2). 

 

 

 

 

 

 

 

 

 

 
 

Fig.2 Electrospinning experimental setup 

2.2. Tensile Tests of PAN Nanofiber and PAN 

Nanofiber with MWCNT 

 
The morphology of the fabricated PAN nanofibers and PAN 

nanofibers with MWCNT was characterized by SEM (Zeiss Evo 

LS10). In Fig. 3 show the SEM images of the fabricated PAN 

nanofiber/PAN composite nanofibers with different MWCNT 

concentration (1, 3 and 5wt.%) performed at 15 kV. The fibers 

diameter increased from 210.45 nm for pure PAN fibers to 369.45 

nm, 330.3 nm and 241.75 nm for MWCNT composite nanofibers 

containing 1, 3, and 5 wt. % MWCNT, respectively. It is important to 

note that the average diameter of MWCNT based nanofibers 

decreased with the increase of MWCNT contents in the 

electrospinning solution. 

 

 

Fig.3. Comparison of average diameter of the fabricated pure 

PAN nanofibers and PAN/MWCNT composite nanofibers for 

concentration of components (wt. %) 
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The samples were cut 0.5 cm wide and 2 cm long. These samples 

were subjected to a tensile test on the Shimadzu device. Tensile tests 

were performed by Shimadzu AGS-X hydraulic desktop test device at 

room temperature. Situations before of tensile test of samples at Figs. 

4a-7a and situations during of tensile test of samples at Figs. 4b- 7b 

and situations after of tensile test of samples at Figs. 4c- 7c were 

presented. 

 

 

Fig. 4-7. The situations of samples in the tensile test 

 

 

Fig. 8 reports the variation of stress in terms of the change of the 

strain of PAN nanofiber and PAN/MWCNT composite nanofibers. 

Generally speaking, we have found that the stress increased with the 

nano fibers diameters. 

 

Fig. 8. Variation of stress in the function of strain (%) 

 

In Fig. 9., the results on maximum stress are compared for 

nanofibers diameters. All the MWCNT based composite nanofibers 

presented larger diameters than those of pure PAN nanofibers. 

 

 

 

 

 

 

Fig. 9. Variation of maximum stress in the function of fibers 

average diameters 

 

 

2.3. Determination of Thermal Conductivity for PAN 

Nanofiber and PAN Nanofiber with MWCNT 

 
     The P.A. Hilton H-940 test station was used to determine for the 

thermal conductivity of the materials (Fig.10). Initially, the system was 

expected to enter the steady state condition (approximately 20 minutes). 

After the system entered steady state condition, 2.2 W power was given 

to the system. Then the temperature values obtained from six different     

points (1, 2, 3, 7, 8 and 9) were recorded. The samples were placed to 

the middle of the experimental set shown in Fig. 10b (section h-c) and 

measurements were made. 

Fig.10. a) The experimental setup for thermal conductivity 

b) Schematic diagram for measurement of thermal conductivity [9] 
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When MWCNT is added to the PAN, the thermal conductivity is 

increased (Fig.11).  According to the PAN sample, it was found that 

the thermal conductivity increased 135.95 % for 1% MWCNT 

addition, 137.4729 % for 3% MWCNT addition and 168.70 % for 5% 

MWCNT addition. 

 

 

Fig. 11. Variation of thermal conductivity in the function 

of concentration of components 

 

 

 Transmission electron microscopy (TEM) works with the principle 

of imaging high-energy electrons passing through a sample that is 

quite thin. As a result of the interaction of electrons with the sample, 

the resulting image is magnified. In this study, Jeol JEM-2100 (UHR) 

device was used for TEM images (Fig. 12). Fig. 13 shows TEM image 

of PAN/ MWCNT. 

 

 

Fig. 12. Jeol JEM-2100 (UHR) TEM device [10] 

 

 

Fig. 13. TEM image of  PAN/MWCNT 

 

3. Conclusions 

 
In this study, the effect of diameters of  PAN/(PAN+MWCNT) 

nano fiber on mechanical properties has been investigated as a 

function of the incorporated content. Different MWCNT contents (1, 

3 and 5 wt. %) were added separately in the electrospinning solutions 

consisted of PAN and dimethylformamide. Nano diameters of the 

produced nanofibers were examined by SEM. The average diameter 

of MWCNT based nanofibers decreased with the increase of 

MWCNT contents in the electrospinning solution. However, the 

average nano diameter of PAN nanofiber with MWCNT is higher 

than the average nano diameter of pure PAN. When all the results 

were compared to each other, the highest stress value was obtained 

with 1 wt. % of MWCNT-based PAN fiber and the stress value was 

76.60 kN (average fiber diameter = 369.45 nm). In other words, 

compared to pure PAN nanofiber, an increase of 405.29 % was 

observed in the stress value of fiber containing 1 wt. % of MWCNT. 

Taken together, the findings suggested that fibers with low content of 

MWCN led to higher stress. The study showed that the incorporation 

of MWCNT in the electrospinning solution led to an increase of 

thermal conductivity values of the electrospun nanofibers. 
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