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ABSTRACT 

Three groups of Carbon Nano Tubes (CNTs) of three different diameters, and each with five different 

weight concentrations were dispersed in a polyacrylonitrile (PAN)/ dimethylformamide (DMF) polymer 

solution. Electrospinning technique has been utilized to produce nanofibril composite fabrics from   

PAN/DMF with CNTs dispersions . Then, the collected fabrics were thermally stabilized and carbonized 

under static pressure to activate the high surface energy aiming to build firm and strong fabrics. The 

resultant carbonized sixteen fabrics showed reddish color with strong (as maximum as 60MPa strength) 

and flexible (as maximum as 5% strain) behaviors. Morphological characterization by using SEM showed 

minimum average fibril diameter of 130±20 nm for the smallest CNTs diameter. The effect of CNTs size 

on the electrospun fiber diameter has been investigated. Also, evaluation of the presence of CNTs inside 

the carbon nano fiber has been investigated by using HRTEM. Mechanical properties (strength and 

modulus of elasticity) of the fabrics have been investigated. AFM has been used to measure the modulus 

of single nano fibril composite. Thermal conductivity has been measured precisely to study the effect of 

CNTs on thermal properties. Positron annihilation lifetime spectroscopy (PALS) was employed to 

measure the free volume properties of the fabrics and correlated it to fabric's morphological, mechanical 

and thermal properties. It has been noticed that in general the presence of CNTs decreased the free 

volume values resulted in dense structure and improved its thermal conductivity. Also, as CNTs diameter 

decreases the free volume decreases resulted in improvement in fabric's strength and thermal 

conductivity.     

 
ة والودعوة بأًابيب الكسبوى الٌاًوهحسية باسحخدام جقٌية فٌاء البوشيحسوى(خصائص الوؤجلفة هي الالياف الكسبوًية الٌاًوهحسي )  

 

وبٌسدب  يحش ووضد  كدم هٌ دا بدالخلي  جن أخحياز ذلاذة هقاسات هخحلفة هي أًابيب الكسبوى الٌاًوهحسية هي شسكة سيصوا الددزفى هرا البحد 

 الغدددصمذدددن أسدددحخدام الودددصيس هددد   سيقدددة .فدددى هحلدددوم بدددوليوس   وشًيدددة هحفاوجدددة بددديي البدددولي أكسيلوًيحسيدددم هددد  الددددا  هيريدددم فوزهاهايدددد 

طاقدة الك سوسحاجيكى لإًحاز ألياف ًاًوهحسية هؤجلفة هي أًابيب الكسبدوى الٌاًوهحسيدة هد  أليداف الكسيلدا الٌاًوهحسيدة وهدي ذدن جدن جدن جف يدم ال

حية وجحسيي خواص هرٍ الوؤجلفات الٌاًوهحسية بالو الصة الحسازية وذلا باسحخدام الطسيقة الوسدححدذة بالاًغدغا  الحدساز  الوس لدى السط

ًاًوهحس. وفى هرا البحد جن زب  الخواص الووزفولوشية والويكاًيكيدة والحسازيدة  051لإًحاز الٌسيس الكسبوًى الوؤجلف بأقطاز وصلث الى 

ًى الوؤجلددف الٌدداًوهحس  بقددين الفددساى الٌدداًو  الوقدداض باسددحخدام أ يدداف البددوشيحسوى والوقدداض بقددين الفحددسات الصهٌيددة لحسكددة للٌسدديس الكسبددو

البدوشيحسوى فددى فدساى الٌسدديس الكسبدوًى الوؤجلددف. وقدد جوصددلث الدزاسدة الددى قيداض جددأذيس وشدون أًابيددب الكسبدوى الٌاًوهحسيددة فدى الخددواص 

لوم لًابيدب الكسبدوى بدالوح وٌاسدبةس الكسبوًى وزبط ا بقين الفساى الوقاض وخلصث الدزاسة الى جحديد الٌسدبة الالحسازية والويكاًيكية للٌسي

لًابيب الكسبوى الٌاًوهحسية هي بيي الرلاخ هقاسات الوسحخدهة والحى جن جقيو ا وقياس ا لح بس عي الحصدن  وٌاسبالبوليوس  وكرلا الوقاض ال

الوقاض ناخم الٌسيس الكسبوًى الوؤجلف والر  أن  الى جحسي هلحوظ جن زصددٍ بكدكم واضدح لحصدن الفدساى وهدي الٌاًوهحس  النًى للفساى 

  ذن للخواص الحسازية للٌسيس الكسبوًى الوؤجلف. 
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1. Introduction  

Polymer nanofibers have been fabricated using an 

electrospinning process that produces nanofibers 

from an electrically charged jet of polymer 

solution. The nanofiber diameters range from 40 

nm to 2µm, depending on the polymer types, bias 

voltage, viscosity of the solution, and so on [1]. 

One advantage of nanofibers is the high specific 

surface area developed by creating pores on the 

nanofiber surface [2]. Mechanical strength of an 

individual nanofiber is also expected to be 

enhanced with decreasing diameters [3]. This 

material has been widely applied to filters [4], 

scaffolds [5], protective clothing [6], and sensors 

[7]. Polyacrylonitrile (PAN) has been widely used 

to fabricate nanofibers owing to their easy 

carbonization process. PAN nanofiber fabrics can 

be used directly for electrode materials after 

stabilization and carbonization, which cannot be 

realized in other types of polymers. Another 

advantage of the carbonized PAN nanofiber is that; 

the nanofiber surface can be modified and 

functionalized by activation process under different 

ambient conditions [2]. G. Sui et al. [8] concluded 

that; the PP nanocomposite containing 5 wt. % 

CNF exhibits a high dielectric constant under wide 

sweep frequencies attended by low dielectric loss. 

Bal [9] showed an addition of 1 wt% of carbon 

nanofibers brought improvement in electrical 

properties of epoxy composite. Spitalsky et al. [10] 

studied nanotube/ polymer composites in which the 

presence of interconnected nanotube network 

results to a dramatic increase of their electrical 

conductivity. Also, nanocomposites based on 

Polymethylmethacrylate (PMMA) and MWCNTs 

as filler show a significant enhancement in the 

electrical conductivity. The multi wall carbon 

nanotubes (MWCNTs)/ PAN (20/80) Wt% 

composite papers without carbonization possess 

electrical conductivities of up to 0.5–1.0 S/cm at 

ambient temperature. However, the PAN-based 

carbon nanofibers are often required in many 

applications, which accompany inevitably 

stabilization and carbonization process. For 

instance, the PAN-based carbon nanofiber papers 

have been directly used for super capacitor 

electrodes, where high capacitance of 173 F/g at 

10mA/g was obtained but the power density was 

poor due to large electrical resistivity of the PAN-

based carbon nanofibers [11]. Higher electrical 

conductivity is always desired to have high 

capacitance and high power density in super 

capacitors [12]. This is the main reason to introduce 

CNTs in PAN nanofibers. While CNT/ PAN 

nanofibers were prepared in organic solvent, 

CNT/polyethylene oxide (PEO) was electrospun in 

water with additional surfactant [13]. Dielectric 

properties vary with the compositions of iron (III) 

chloride dopant [14]. The permittivity behavior of 

the device at the frequency below 102 Hz shows the 

relaxation contribution along with the electrode 

polarization. Dielectric loss peak in loss tangent 

also confirms the presence of relaxing dipoles in 

TNFs. The AC conductance as a function of 

frequency confirms the semiconducting nature of 

TNFs and obeys Jonscher’s power law except a 

small deviation in the low frequency region. DC 

conductivity increases with increase in temperature 

[15]. Ali [16-20] published a series of publications 

studying the characteristics of the electrospun 

PAN/DMF polymer solution in both wet and dry 

collectors before and after heat treatment as well as 

with and without nano reinforcements. Positron 

annihilation Lifetime spectroscopy (PALS) is an 

important method for measuring the change in 

properties of structural defects in many solids [21, 

22]. In PALS, when a positron emitted from a 

positron source and injected in a polymer sample, it 

undergoes several processes (scatter and thermalize 

in the sample within a time of the order of 10 ps). 

The positron may eventually annihilate with an 

electron (free positron annihilation) or may extract 

an electron from the surrounding material to form a 

positronium atom (Ps). Ps is formed in two states; a 

singlet state (p-Ps) with anti-parallel spins has an 

intrinsic lifetime of 0.125 ns and a triplet state (o-

Ps) with parallel spins has an intrinsic lifetime > 

0.5ns. In o-Ps, the positron can annihilate with an 

electron from the surrounded atom by pick off 

annihilation and emit three photons. The pick off 

lifetime is directly related to the size of the free 

volume in a polymer. Therefore, PALS has been 

used to characterize the properties of free volume 

of polymer nanocomposites, such as free-volume 

hole size, concentration, and its distribution [23- 

26].The present study is an attempt to study the 

effect of CNTs size and weight % on 

morphological and thermal properties of 

electrospun and treated (hot-pressed) CNTs/carbon 

flexible nano fibril fabrics as well as to correlate the 

presence of CNTs in the fabric's morphological and 

thermal properties to its intermolecular distances 

and free volume by using positron annihilation 

technique.  

  

2.  Experimental Work  

2.1. Materials  

Three different sizes of CNTs from Aldrich of the 

following numbering and dimensions; CNT#1: 

O.D. =10-30 nm, I.D.= 3-10 nm, L=1-10 µm, 

CNT#2: O.D.= 30-50 nm, I.D.= 5-15 nm, L= 0.5-

200 µm, and CNT#3: O.D.= 40-60 nm, I.D.= 5-10 

nm, L= 0.5-500 µm. have been well dispersed by 

24 sonication hours within five different weight 

concentrations from 1% to 5% in 

Dimethylformamide (DMF) solvent and then 

Polyacrylonitrile (PAN) of 150000 g/mol molecular 

weight from Aldrich catalog no. (181315)  has been 
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added with 10wt% then whole polymer solution 

and dispersions have been hot stirred at 60
o
C for 3 

hours to ensure a complete PAN solubility.  

2.2. Electrospinning of Dispersed CNTs/PAN 

Nano Fibril Composites  

Electrospinning set-up assembled at NTC, Faculty 

of Engineering, Zagazig University, Egypt was 

used through the following steps; the 

PAN/DMF+MWCNTs polymer solution and 

dispersions were poured to fill a clean syringe of 10 

ml volume. The syringe was connected to a metal 

tube of orifice inner diameter 0.9 mm. The metal 

tube was connected to the power supply at 25kV of 

positive potential. A metal screen collector of 

15x15 cm dimensions was centered vertically at a 

20 cm distance away from the orifice of the metal 

tube and covered with aluminum foil. The 

electrospun fibers were collected for about 16 hours 

to reach to collect CNTs/PAN nano fibril composite 

fabrics.  

 

2.3. Production of Carbonized Fabrics   

About 2 cm from each side of the collected fiber 

mat was trimmed then the mat was placed in 

between two aluminum plates of 120x120 mm 

dimensions and 10 mm thickness after being 

covered with aluminum foil. The mold with the 

fabric in between was placed in a hot-press set to 

reach 220
o

C with no applying pressure for 1 hour 

until the plate’s temperature reached the maximum 

set temperature. Then 1 metric ton was applied for 

another one hour. The hot-press was then allowed 

to cool down for another 1 hour while keeping the 

pressure on until it reaches 100
o

C then the pressure 

was released completely from the fabric except the 

weight of the upper aluminum plate until it has 

cooled down to room temperature. This process 

stabilized the PAN structure by adding an oxygen 

atom to PAN structure as well as activating the high 

surface energy accompanied with the nanofibril 

composites and use it as a cohesive bond to produce 

firm and uniform white fabrics. SEM and Raman 

investigations for such white fabrics have been 

conducted. Then, another hot-pressing for 3-hour in 

between single plate and double aluminum foils 

with 5 metric tons at 380
◦
C has been applied then 

the pressure has been released after cool down to 

100
◦
C. This technique allowed to cyclize the carbon 

double bond and form graphitic hexagon structure 

from PAN. Reddish flexible and strong fabrics have 

been produced. Morphological, Chemical, 

Electrical, Thermal and Positron annihilation 

characterizations for the reddish sixteen fabrics has 

been conducted.    

 

 

 

 

 

2.4. Characterization 

2.4.1. Electron Microscopy  

Scanning Electron Microscopy (SEM, JEOL JSM-

5600LV) in the Central Laboratory for Elemental 

and Isotopic Analysis (Atomic Energy Authority 

Nuclear Research Center, Egypt) was used to 

characterize the fiber morphology, average 

diameter and its distribution of the both resultant 

white and reddish fabrics. High Resolution 

Transmission Electron Microscopy (HRTEM) 

(JEOL model JEM 2100) in Petroleum research 

Institute, Egypt) was used to investigate the 

morphologies of the fibers and the presence of 

CNTs in the resulting reddish fabrics.  

 

2.4.2. Thermal Properties Measurements 

A thermal device at physics department, Faculty of 

Science, Tanta University, Egypt has been used at 

room temperature to measure the thermal 

conductivity and coefficient of thermal expansion. 

 

2.4.3. Mechanical properties Measurements 

An optical extensometer attached to  UTM has been 

used to measure the strength and modulus of the 

fabrics. Also AFM at "Atomic Energy Authority 

Nuclear Research Center "  has been employed to 

measure the modulus of single nanofibril 

CNTs/carbon hybrid.  

 

2.4.4. Positron Annihilation Spectrometer 

Measurements  

A conventional fast−fast coincidence spectrometer 

(ORTEC) with a time resolution 395 ps was used 

for PALS measurements [27], and the 
22

Na isotope 

with 10 μCi activity was used as a positron source. 

This source was prepared using a droplet of 
22

NaCl 

solution dried onto two identical Kapton foils (7.6 

μm thick), which were afterward glued by epoxy 

glue, placed between two identical samples. The 

measured PAL spectra were fitted by LT computer 

program of Kansy [28]. The measurements carried 

out in air at room temperature. 1-2 million counts 

were accumulated for each spectrum. Only results 

with FIT values with deviation range from 1.05 up 

to ∼ 1.2 were considered as optimal ones. After 

source correction, each lifetime spectrum of the 

investigated samples was resolved into three 

lifetime components (τ1, τ2, τ3) and their relative 

intensities (I1, I2, I3) respectively. The τ1 is 

attributed to the para positronium (p-Ps) 

annihilation. The τ2 is attributed to the annihilation 

of positrons or positronium in defect of the ordered 

structure. The long-lived lifetime component τ3 is 

attributed to the ortho-positronium (o-Ps) pick-off 

process in free volume holes in polymers. It directly 

correlates with the size of the free volume holes. A 

quantitative correlation between o-Ps lifetime τ3 

and the mean radius of holes R in a spherical 
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geometry is known as Tao-Eldrup equation [29, 

30]: 

            
 

  
             

   

  
      (1)    

               

Where: τ3 and R, are expressed in ns and 

Å, respectively, R0=R+ΔR, ΔR is the fitted 

empirical electron layer thickness (1.66 Å). The 

average radius of the free volume hole R is related 

to the mean free volume, Vf (in Å3) by a simple 

relation [31, 32]: 

                                                      (2) 

3. Results and Discussion 

3.1. SEM and HRTEM characterization  

SEM image Fig. 1 show the fiber morphological 

characterization and distribution of CNTs/Carbon 

nano fibril composites pattern for the 5 wt% 

CNT#1/Carbon reddish fabric. About 130 nm ± 32 

nm average fibril diameter has been reported. 

HRTEM image (Fig. 2) shows CNT#1 bundle with 

diameter ranged from 6 to 16 nm wrapped by 

carbon nano fibers and aligned along the fiber axis.  

 

 
Fig. 1: SEM micrograph of CNTs/Carbon Reddish 

Fabrics 

 

  
Fig. 2: HRTEM micrograph of CNTs/ Carbon 

Reddish Fabrics 

 

 

 

 

 

 

 

3.2. Thermal Analysis 

The effect of CNTs weight % on  thermal 

properties of the fabrics have been measured and 

presented as shown in Figure (3) 

CNT Wt. Conc. %

0 1 2 3 4 5

T
h

er
m

a
l 

C
o

n
d

u
ct

iv
it

y
 K

0.00

0.02

0.04

0.06

0.08

0.10

CNT#1 CNT# 2 CNT# 3 

 Fig. 3: CNT wt% and size vs. Thermal 

Conductivity 

 

3.3 Mechanical Testing Analysis 

Figure 4 represents the strength values of all CNTs 

wt.% for all three sizes. It is obvious from the 

figure that as CNTs size increases in diameter and 

became close and compatible with the carbon fiber 

diameter a better strength values reported. On the 

other hand, as shown in Figure 5 the calculated 

values of modulus from stress-strain Fabrics results 

after it has been corrected by using optical 

extensometer showed same behavior and effect for 

CNTs sizes.  Figure 6 represents the measurements 

of single fibril composite modulus by using AFM 

for 5wt% samples and it goes as the same of size 

compatibility between CNTs and carbon nano fiber. 

 

Fig. 4: Tensile strength vs. CNTs wt.% and size 
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Fig. 5: Fabrics tensile modulus vs. CNTs wt.% and 

size 

 

 

 

 

 

 

Fig.6: Single nano fibril composite tensile  modulus 

vs. CNTs size 

3.4. Positron Annihilation Analysis 

The measured positron lifetime spectra for Carbon 

nano tubes (CNTs) of three different diameters, and 

each with five different weight concentrations were 

resolved into three lifetime components. These 

components are attributed to various states of 

positron annihilation. The first lifetime component 

τ1 (fixed to 0.125 ns) and with intensity I1 (I1 =57- 

73 %) is attributed to p-Ps. The intermediate 

component τ2 (0.376- 0.486 ns) with its intensity I2 

(I2 = 23-37.5%) is related to annihilation of   

positrons without forming Ps, i.e., free positron 

annihilation. The longest lifetime component τ3 (τ3 

= (1.77-2.2 ns) with its intensity I3 (I3 = 3.4-5.9%) 

is due to the pick-off annihilation of o-Ps in the free 

volume sites present in the amorphous regions of 

the polymer matrix [33]. These two parameters τ3 

with intensity I3 are important and are of interest in 

this investigation, because τ3 is related to the 

average free volume size and I3 is related to the 

relative number density of free volume holes. The 

average lifetimes (τ2, τ3) and the relative intensities 

(I1, I2, I3) values measured for CNT#1, CNT#2 and 

CNT#3 are listed in Table 1. As illustrated in Table 

1, the o-Ps lifetime components, τ3, with different 

CNTs concentration % does not have a systematic 

change with changing CNTs concentration. This is 

may be due to CNTs presence effect. On the other 

hand, I3, the o-Ps probability formation also does 

not change systematically. This may be interpreted 

as I3 depends on chemical and physical properties 

of the nanofibril composites, and the trend of 

change in I3 may be related to whether or not 

polymer chains are covalently bonded to the surface 

of the nanotubes.  

  

 

Table 1: The calculated values of Positron 

annihilation lifetime components with their 

corresponding intensities for the Carbon nanotubes 

(CNTs) of three different diameters 
 W

%  

τ2 τ3 I1 I2 I3 

CN  

T #  

 0.405± 

0.007 

2.034± 

0.0330 

69.2± 

0.71 

26.9± 

0.720 

3.90± 

0.1 

       

CN

T#1 

1% 

 
2% 

 

3% 
 

4% 

 
5% 

0.376± 

0.002 
0.410± 

0.007 

0.417± 
0.006 

0.402± 

0.004 
0.433± 

0.007 

2.009± 

0.017 
2.236± 

0.035 

1.969± 
0.038 

2.137± 

0.025 
2.040± 

0.023 

66.28

±0.13 
67.15

±0.46 

66.17
±0.41 

73.20

±0.24 
70.67

±0.67 

29.94

±0.13 
28.13

±0.47 

29.82
±0.41 

23.38

±0.23 
25.24

±0.69 

3.784±

0.038 
4.72± 

0.100 

4.01± 
0.120 

3.42± 

0.052 
4.09± 

0.079 

       

CN

T#2 

1% 

 

2% 
 

3% 

 
4% 

 

5% 

0.4474± 

0.007 

0.4299± 
0.006 

0.4206± 

0.0035 
0.4865±

0.0086 

0.4640± 
0.010 

2.023± 

0.04 

1.991± 
0.022 

2.026± 

0.02 
1.864± 

0.034 

2.000± 
0.038 

70.22

±0.67 

67.89
±0.64 

63.92

±0.49 

72.85

±0.65 

70.48
±0.65 

26.08

±0.68 

28.03
±0.65 

30.60

±0.51 
23.15

±0.66 

24.85
±0.66 

3.70± 

0.12 

4.08± 
0.085 

5.48±0

.068 
4.00± 

0.12 

4.66± 
0.14 

       

CN

T#3 

1% 
 

2% 

 
3% 

 

4% 
 

5% 

0.428± 
0.007 

0.433±.

0.002 
0.418± 

0.005 

0.431± 
0.007 

0.390± 

0.001 

1.868± 
0.028 

1.864± 

0.025 

1.775± 

0.020 

1.953± 
0.025 

1.975±

0.013 

60.57
±0.40 

67.37

±0.37 

57.22

±0.64 

68.59
±0.62 

64.93

±0.29 

33.51
±0.39 

28.19

±0.38 

37.47

±0.64 

27.25
±0.63 

31.16

±0.29 

5.92± 
0.1 

4.44± 

0.16 
5.31± 

0.09 

4.16± 
0.12 

3.91± 

0.04 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7: Mean free volume (Å
3
) as a function of 

filler concentration in Carbon nanotubes 

(CNTs) of three different diameters 
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The volume V (Å
3
) of free volume nanoholes is 

calculated according to eqn. (2), where R is radius 

of the nano-holes calculated through eqn. (1). The 

variation of V (Å
3
) as a function of CNTs 

concentrations of three different diameters is shown 

in Fig 7. The results showed that the average size of 

free volume for CNT#1, CNT#2 and CNT#3 are 

108±10.8 (Å
3
), 98.4±6.4 (Å

3
) and   89.5±7.5 (Å

3
) 

respectively. It can be noted that with increasing the 

average size of CNTs leads to decrease the average 

size of free volume. The obtained results of o-ps 

lifetime τ3 and consequently the average size of 

free volume are in a good agreement with that 

reported in the literatures [34]. Other studies 

showed that ortho-positronium principally 

annihilates from interfacial regions of polymer and 

nanotubes in the nanocomposite [35]. The increase 

of the average size of CNTs leads to an increase of 

the external surface area as well as the interstitial 

region volume among the CNTs and decreased free 

volumes at the fibroses interface in the fabrics. The 

LT program of Kansy [28] is used to fit the 

obtained positron annihilation lifetime data into 

free volume distributions based on the Tao–Eldrup 

equation (1). Figure 8 (A-C) shows the probability 

distribution of free volume size, V (nm
3
) as a 

function of free volume nano holes (nm
3
) as well as 

lifetime dispersion σ3 from LT analysis for all the 

CNTs measured samples. It is interesting to observe 

that the average lifetime components of o-Ps and 

their intensities from continuous distributions were 

in good agreement with the discrete component 

analysis. Sharma et al. [35] have reported similar 

results for PF–CNTs composites. 

                             

                  

 

Fig.8:(A-C):  The probability distribution of free 

volume size in different CNTs concentrations % 
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They showed that the peak position of the 

distribution shifts to a higher value with 

incorporation of CNTs, which is consistent with 

discrete component analysis. From the free volume 

hole size distributions, Figure 8(A-D), the 

calculated values of the full width at half maximum 

(FWHM) for the Carbon nanotubes (CNTs) of three 

different diameters are listed in Table 2. The results 

showed that in the case of CNT#1 and CNT#2 there 

are not systematic changes of the values of FWHM. 

In the case of CNT#3, the values of FWHM, Table 

2, are decreased up to 3% CNTs concentrations 

indicating that the free volume size distribution 

becomes narrower with increasing the percentage 

of CNTs concentrations. The reduction in full width 

at half maxima with increasing the CNTs weight 

concentration% indicates that the nanotubes can 

lead to variation in packing density of chains in the 

vicinity of nanotubes, creating large size interfaces 

with the ‘‘annihilation’’ of smaller size nanoholes 

in the interphase region. A broader distribution of 

free volume size at a higher values > 3% CNTs 

weight concentration is observed, indicating the 

presence of larger interfaces as a result of 

agglomeration of CNTs in the polymer matrix. 

 

Table 2: The calculated values of the full width at 

half maximum (FWHM) for the Carbon nanotubes 

(CNTs) of three different diameters 

CNTs 

Wt. 

conc. % 

CNT#1 CNT#2 CNT#3 

FWHM 

(nm
3
) 

FWHM 

(nm
3
) 

FWHM 

(nm
3
) 

1% 

2% 

3% 

4% 

5% 

0.044 

0.050 

0.040 

0.048 

0.036 

0.048 

0.038 

0.044 

0.032 

0.036 

0.042 

0.038 

0.032 

0.036 

0.040 

 

 

4. Conclusions 

Conclusions can be summarized as following: 

1. As CNTs size is compatible in size with 

carbon nano fiber diameter a better fabrics 

mechanical and thermal properties have 

been reported. 

2. Single nano fibril composites showed 

better modulus for CNTs#3 of lower free 

volume 

3. Positron annihilation measurements 

indicated better mechanical and thermal 

properties are much correlated to fabrics 

minimum free volume values. 

 

Acknowledgements 

Authors would like to thank Physics lab, Faculty of 

Science ,  Tanta University for allowing free 

thermal characterization of the samples. Also, 

Kafrelshiekh University, Faculty of Science, 

Department of Physics for allowing to use Applied 

Nuclear Physics Laboratory in Positron System.    

 

References  

[1] Reneker D. H. and Chun I., "Nanometre 

diameter fibres of polymer, produced by 

electrospinning, Nanotechnology," 7: 216-223, 

1996. 

[2] Laurencin W.J. Li, C.T., Caterson E.J., Tuan 

R.S., Ko F.K., "Electrospun nanofibrous 

structure: a novel scaffold for tissue 

engineering,"  J Biomed Mater Res, 60 (4): 

613–621, 2002. 

[3] Kwon I.K., Kidoaki S., Matsuda T., 

"Electrospun nano- to microfiber fabrics made 

of biodegradable copolyesters: structural 

characteristics, mechanical properties and cell 

adhesion potential," Biomaterials, 26: 3929, 

2005. 

[4] Tsai P.P., Schreuder-Gibson H., Gibson P., 

"Different Electrostatic Methods for Making 

Electret Filters," J. Electrostat., 54:333, 2004. 

 [5] Fertala A., Han W.B., Ko F.K.,  "Mapping 

critical sites in collagen II for rational design of 

geneengineered proteins for cell-supporting 

materials," J. Biomed. Mater, 57: 48, 2001. 

[6] Gibson P.W., Schreuder-Gibson H.L., Rivin D., 

"Electrospun Fiber Mats: Transport 

properties," AIChE J., 45:190, 1999. 

[7] Ding B., Kim J., Miyazaki Y., Shiratori S., 

"Electrospun nanofibrous membranes coated 

quartz crystal microbalance as gas sensor for 

NH3 detection," Sens. Actuat., B 101: 373–

380, 2004.  

[8] Sui G., Jana S., Zhong W.H. , Fuqua M.A., 

Ulven C.A.," Dielectric properties and 

conductivity of carbon nanofiber/semi-

crystalline polymer composites," Acta 

Materialia, 56:2381–2388, 2008. 

[9] Bal S," Experimental study of mechanical and 

electrical properties of carbon nanofiber/epoxy 

composites," Mater Design, 31:2406–

2413,2010. 

[10] Spitalsky Z, Tasis D, Konstantinos Papagelis 

K, Galiotis C, "Carbon nanotube-polymer 

composites," Chem Process Mech Electr Prop, 

35:357–401, 2010. 



M. A. H. EL-Meniawi
 
and A. A. Ali “CHARACTERIZATION OF CNTs /CARBON NA…” 

 

 Engineering Research Journal, Menoufiya University, Vol. 40, No. 2, April 2017   

 
142 

[11] Kim C., Yang K.S., "Electrochemical 

properties of carbon nanofiber web as an 

electrode for super capacitor prepared by 

electrospinning," Appl. Phys. Lett., 83:1216, 

2003. 

[12] Dalton A.B., Collins S., Munoz E., Razal J.M., 

Ebron V.H., Ferraris J.P., Coleman J.N., Kim 

B.G., Baughman R.H., "Super-tough carbon-

nanotube fibres," Nature, 423 (12): 703, 2003.  

[13] Dror Y., Salalha W., Khalfin R.L., Cohen Y., 

Yarin A.L., Zussman E., "Carbon nanotubes 

embedded in oriented polymer nanofibers by 

electrospinning," Langmuir, 19:7012, 2003. 

[14] Mohd Hamzah Harun, Elias Saion, Anuar 

Kassim, Ekramul Mahmud, Muhd Yousuf 

Hussain, and Iskandar Shahrim Mustafa,” 

Dielectric Properties of Poly (vinyl 

alcohol)/Polypyrrole Composite Polymer 

Films," JOURNAL FOR THE 

ADVANCEMENT OF SCIENCE & ARTS, 

VOL. 1: NO. 1, Jan-June 2009. 

 [15] Batool S.S., Imran Z., Rafiq M.A., Hasan 

M.M., Willander M.," Investigation of 

dielectric relaxation behavior of electrospun 

titanium dioxide nanofibers using temperature 

dependent impedance spectroscopy," 

http://dx.doi.org/10.1016/j.ceramint. 08.024, 

2012. 

[16] Ali AA, "Wet electrospun nanofibers," Al-

Azhar Engineering Eights International 

Conference, Egypt, December 24-27, 2004.  

[17] Ali AA and El-Hamid M," Electrospinning 

optimization for precursor carbon nanofiber, 

"Composites A, 37:1681-1687, 2006. 

[18] Ali AA, "Self-assembled ultra-fine carbon 

coils by wet electrospinning, materials letters," 

60:2858-2862, 2006.  

[19] Ali AA and Rutledge GC, "Hot-pressed 

electrospun PAN nanofibers, An idea for 

flexible carbon mat, Journal of materials 

processing technology, " 209:4617-4620, 2009.  

[20] Ali AA and Al-Asmari A Kh, "Wet-

electrospun CuNP/carbon nano fiber 

composites: potential application for surface 

mounted component," Applied Nanoscience, 

2:55-61, 2012. 

[21] Jean Y. C., P. E. Mallon and Schrader D. M.. 

"Principles and Applications of Positron & 

Positronium Chemistry.", (World Scientific 

Publishing Co. Pte. Ltd., New Jersey, 2003. 

[22] Dupasquier A. and Mills Jr. A. P.," Positron 

Spectroscopy of Solids.", IOS 

Press,Amsterdam and SIF, Bologna, January 

1995. 

[23] Zhang J., Yang M. and Maurer F. H. J.," 

Effect of TiO2 Formation on the Free 

Volume Properties of Electrospun PMMA 

Nanohybrids," 

Macromolecules, 44, 5711, 2011. 

[24] Harms S., Ratzke K., Gerald F. F., Schneider 

J., Willner L. and Richter D.," Free Volume 

of Interphases in Model Nanocomposites 

Studied by Positron Annihilation Lifetime 

Spectroscopy" Macromolecules, 43, 10505, 

2010. 

[25] Zaleski R., Kierys A., Grochowicz M., 

Dziadosz M. and Goworek J., Colloid Interface 

J. Sci.," Synthesis and characterization of 

nanostructural polymer–silica composite: 

Positron annihilation lifetime spectroscopy 

study," 

358, 268-276, 2011. 

[26] Awad S., Chen H., Chen G., Gu X., Lee J. L., 

Abdel-Hady E. E. and Jean Y. C.," Free 

Volumes, Glass Transitions, and Cross-

Links in Zinc Oxide/Waterborne 

Polyurethane Nanocomposites", 

 Macromolecules, 44, 29-38, 2011. 

[27] Mahmoud K. R., Al-Sigeny S., Sharshar T., 

El-Hamshary H.," Positron annihilation study 

on free volume of amino acid modified, starch-

grafted acrylamide copolymer," Radiat. Phys. 

Chem. 75: 590-595, 2006. 

[28] Kansy J., "Microcomputer program for 

analysis of positron annihilation lifetime 

spectra," Nucl. Instrum. Meth. A, 374: 235-

244, 1996. 

[29] Eldrup M., Lightbody D., Sherwood J.," The 

temperature dependence of positron lifetimes 

in solid Pivalic acid.",Chem. Phys., 63, 51-58, 

1981. 

[30] Tao S.," Positronium annihilation in molecular 

substances.", J. Chem. Phys. 56, 5499-5510, 

1972. 

 

 

http://dx.doi.org/10.1016/j.ceramint.2012.08.024


M. A. H. EL-Meniawi
 
and A. A. Ali “CHARACTERIZATION OF CNTs /CARBON NA…” 

 

 Engineering Research Journal, Menoufiya University, Vol. 40, No. 2, April 2017   

 
143 

[31] McGonigle, E.-A., Liggat, J.J., Pethrick, R.A., 

Jenkins, S.D., Daly, J.H., Hayward, D., 

"Permeability of N2, Ar, He, O2 and CO2 

through biaxially oriented polyester films 

dependence on free volume.", Polymer 42, 

2413–2426, 2001.  

[32 ] Porto, A.O., Goulart Silva, G., Magalhães, 

W.F., "Free volume-size dependence on 

temperature and average molecular-weight in 

poly(ethylene oxide) determined by positron 

annihilation lifetime spectroscopy.", J. Polym. 

Sci. 37, 219–226, 1999. 

[33] Thimmaraju Jeevananda, Nam Hoon Kim, 

Joong Hee Lee, Siddaramaiah Basavarajaiah, 

MV Deepa Urs and Chikkakuntappa 

Ranganathaiah, "Investigation ofmulti-walled 

carbon nanotube-reinforced high-density 

polyethylene/carbon black nanocomposites 

using electrical, DSC and positron lifetime 

spectroscopy techniques" Polym Int  58: 775–

780, 2009. 

 

 

[34] Somia Awad, Chen H. M., Brian P. Grady, 

Abhijit Paul, Warren T. Ford, L. James Lee 

and Jean Y. C., " Positron Annihilation 

Spectroscopy of Polystyrene Filled with 

Carbon Nanomaterials" Macromolecules 45, 

933−940, 2012. 

[35] Sharma S. K. , Prakash J., Sudarshan K., 

Maheshwari P., Sathiyamoorthy D. and Pujari 

P. K., "Effect of interfacial interaction on free 

volumes in phenol-formaldehyde resin–carbon 

nanotube composites: positron annihilation 

lifetime and age momentum correlation 

studies" Phys. Chem. Chem. Phys., 14, 10972–

10978, 2012 

 

 

 

 

 

 


