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Introduction 

Modern technological advances depend heavily on 

polymers. Polymers play a crucial role in creating 

nanocomposites that are lightweight and simple to 

form . Although polymer is an insulating material, 

one of the processing techniques that can change it 

into a semiconductor is doping and nanocomposite 1,2 

. Two phases make up a material called a polymeric 

nano composite: the matrix phase is a substance with 

a macromolecule size of polymer , and the 

reinforcing phase is a material with a dimension of 

less than 100 nm 3 .   Many Nano shapes can be used 

as reinforcement materials as : nano sphere filler like 

ZnO and Al2O3 nanoparticles 4 ,  carbon nano tubes 5, 

nanofibers 6,  and natural pigments 7. There are many 

applications that are dependent on the electrical as 

dielectric constant and photoelectrical properties of 

Nano composites 8. Considering solar energy is one 

of the more interesting sources of long-term energy, 

and is important in the field of renewable energy.  

Organic nanocomposites solar cells are one type of 
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electronic device that prepared by organic substances 

such as polymer materials and organic reinforcement 

materials as carbon nanotubes 9. With a number of its 

special qualities, such as a large surface area, high 

stability, excellent thermal and electrical 

conductivity, a high anti-static feature, and 

hydrophobicity, make carbon nano tubes are a very 

significant substance that is employed as a 

reinforcement phase for photovoltaics 

applications10,11 . On the other hand, there are many 

techniques are used to prepare thin film 

nanocomposites such as hand casting, spin coating , 

and electrospinning techniques , the last method is 

the best for preparing the homogenous , controlling 

and uniform thin films as a nanofibers form 12 . Many 

previous studies performed about the use of carbon 

nanotubes with polymeric substance for thermos 

physical applications and solar cell and photovoltaic 

applications as:  Mansoor Farbod et al13.  published a 

paper about thermo characteristics of paraffin 

reinforced with carbon nanotubes,  through their 

study a nanocomposite of paraffin and carbon 

nanotubes (Pa/CNTs) was created with various CNT 

lengths to study how the thermos physical 

characteristics of paraffin phase change . As a result 

of this study , sulphuric and nitric acids were used to 

shorten CNTs before further processing.  The test 

findings demonstrated that the weight percentage of 

carbon nanotubes (CNTs) enhanced the thermal 

conductivity of the composites. The composite 

containing 1.2 weight percent of solid paraffin and 

one hour of refluxed CNTs had the highest rise, at 

26.92%. Further, when the weight percentage of 

CNTs increased, the specific heat decreased and the 

latent heat of melting and solidification of the 

composite increased. With a concentration of 0.6 

weight percent and an hourly refluxed carbon 

nanotube (CNT) content, the composite exhibited the 

highest absorption capacity of paraffin by graphene 

aerogel, showing a 36.11% increase over pure 

paraffin. Furthermore, the GA/Pa/CNTs structure's 

outstanding form stability was found during the 

leakage test  . Flayieh . et al.  published on a paper 

about using the CNTs with polystyrene nanofibers 

for preparing the solar cell application. They 

prepared three groups of nanofiber samples using the 

electrospinning technique, with each group having a 

different PS concentration (12, 14, and 16 w/v). Four 

samples containing (PS/MWCNT) elements were 

produced by adding multi walled carbon nanotubes 

to each group in one of four ratios. To determine how 

evenly dispersed nanofibers and multi-walled carbon 

nanotubes were within polymeric nanofibers, as well 

as their impact on the final nanofiber's attributes 

through the absorption peaks, a UV-Visible test was 

conducted. SEM was used to study the 

morphological of samples. The outcomes 

demonstrated that CNTS has a dominant influence 

on produced nanofibers in the (12 wt.% Polystyrene) 

group, and both (PS, MWCNT) have a shared effect, 

greatest stable absorption curves, and uniformly 

scattered radiation at (14 wt.% PS) group, and 

random results at (16 wt.% PS). According to 

FESEM results, beads are more likely to form at 

groups (12,16 weight percent PS) and when polymer 

concentration rises, the diameter of nanofibers also 

increases. The inclusion of CNT lowers the 

nanofibers' diameter even further, improves their 

orientation, and boosts their UV absorption as well 

as their strength and mechanical capabilities in the 

group of (14 wt.%) Polystyrene  . Utilizing polyvinyl 

alcohol, a water-soluble polymer, and carbon 

nanotubes for high sensitivity solar cell application, 

the current work intends to propose a technique to 

produce solar cells utilizing affordable, 

environmentally benign, and locally accessible 

materials . CNTs, as one-dimensional materials, have 

garnered significant interest in the photovoltaic field 

due to their exceptional optical and electrical 

characteristics, together with their consistent 

chemical and mechanical stabilities. In particular, 

adding carbon nanotubes (CNTs) to perovskite solar 

cells has significantly increased the devices' 

flexibilities, stabilities, and efficiencies14.  

The energy gap of polymers, like polyvinyl alcohol, 

is roughly 5 eV. By enhancing the material's 

crystallization and transforming it into nanofibers, 

the energy gap of polyvinyl alcohol can be decreased 

to about 3 eV 15 . Carbon nanotubes can be used to 

form extra levels that serve as crossing points for 

electrons moving from the valence band to the 

conduction band, which is necessary for electro-

voltaic applications to reduce the energy gap to 

smaller ranges 16 . Additionally, they serve as centres 

for the absorption of UV rays, which boosts the 

effectiveness of electro-voltaic systems 17. 

 

Materials and Methods
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The solvent used to prepare the PVA solution is 

formic acid. The poly vinyl alcohol (PVA) with the 

chemical formula [C2H4]n. It is a white powder with 

a hydrolysis rate of 88 mol/mol, a molecular weight 

(Mw) in the range of 25000 to 40000 g/mol, and a 

purity of 0.92%. Multi walled Carbon nanotubes 

with a diameter of 25 nm, and 99.99% purity were 

used as reinforcing materials, The materials used in 

this study were employed from Sigma-Aldrich TM. 

The percentage and contents of the experimental 

samples used in this study are displayed in Table 1.  

The dispersion process was performed under 50 

degrees Celsius for 15 minutes for each sample using 

a 100 ml beaker containing the weight percentages 

added separately to the dispersion liquid (formic 

acid). The beaker was then put within the chamber of 

the direct ultrasonography device. In the ratios 

indicated in Table 1, dispersed solutions were 

formed to dissolve polyvinyl alcohol. 

Electrospinning system was used to prepare the 

nanofibers of pure PVA and PVA reinforced with 

CNTs under processing parameters including : (20 

kV  applied voltage , 15 cm of electrospinning 

distance,  0.5 ml/hr of flow rate , and rotating 

cylinder collector with 360 rpm) . Table 2. shows the 

solution parameters that were mustered and utilized 

in this study. Fig. 1. Shows the graphical abstract of 

electro spun nanofibers. 

Table 1. contents of nanocomposites samples 
No. of samples Contents 

NC0 

NC1 

NC2 

NC3 

PVA nanofibers 

PVA + 2% wt CNTs 

PVA + 4% wt CNTs 

PVA+6% wt CNTs 

 
Figure 1. Set up of by electro spinning system for 

Nano fibers preparation 

The greatest concentration, 0.06 weight %, was 

utilized in this investigation since higher 

concentrations caused the resultant samples to 

aggregate and the tests to fail because they were 

unable to produce homogeneous samples when 

dispersed. 

 

Results and Discussions 

Solution parameters 

The relationship between the concentrations of 

CNTs with the viscosity and electrical conductivity 

of solutions is displayed in Table 2 and Figs. 2and 3 

respectively. Fig. 2 demonstrates that as CNTs 

concentration was increased, the viscosity of 

polymeric solutions decreased due to a decrease in 

the amount of polymer in place. Additionally, CNTs 

act as a lubricant, which increases the slipping of 

polymeric Nano fluid solution layers and lowers flow 

resistance, both of which contribute to a decrease in 

the viscosity of solutions. 
 

Table 2. PVA/formic acid solution properties 
No. of 

samples 

Contents of 

solutions 

Viscosity 

Cp 

Electrical 

conductivity 

mS/cm 

NC0 

NC1 

NC2 

NC3 

PVA 

PVA + 2% wt 

CNTs 

PVA + 4% wt 

CNTs 

PVA+6% wt 

CNTs 

510 

380 

240 

170 

0.9 

3.2 

4.6 

5.3 

  
Figure 2. Viscosity of PVA and PVA/CNTs 

Nanofluid solutions 

Fig. 3 shows that the electric conductivity of the PVA 

solution increased as more CNTs were added. More 

conductive pathways in PVA were created as the 

weight ratios of MWCNT were increased. As a 

result, charge carriers were more mobile and denser, 

increasing EC. As shown in Fig. 2, the EC for a pure 

PVA solution was 0.9 mS/cm and increased to 5.3 

mS/cm for PVA with 6wt% MWCNT. These 

findings support earlier research 18 . 
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Figure.3. Electrical conductivity of PVA and 

PVA/CNTs Nanofluid solutions 

SEM Images of PVA and PVA/CNTs nanofibers  

Figs. 4 a-d show the SEM images of PVA and 

PVA/CNTs nanofibers 

 

 
Figure 4 a-d.  SEM images of a. PVA   b. PVA+2% 

CNTs   c. PVA+4% CNTs    d.PVA+6% CNTs 

The nanofibers diameter of PVA was between 235 - 

400 nm, but it decreased to range between 211 - 350 

nm with adding 2% wt. of CNTs , as well as, it 

continued to decrease at range about  150-200 nm  

with adding 4% wt. of CNTs. The best diameter of 

PVA + CNTs was around 150-200 nm, because 

CNTs enhance electrical conductivity and reduce 

viscosity, the diameter of nanofibers decreasing as 

their CNT ratios increase 18-19 

Electrical Conductivity of the Nanofibers  

Fig. 5. and table 4, show the electrical conductivity 

of nanofibers samples . Note that the pure PVA 

sample, which is missing any conductive fillers, has 

a poor electrical conductivity according to fig.5 and 

table 4. There is a noticeable improvement in 

electrical conductivity in the NC1, NC2 and NC3 

samples, which have higher CNT content. This is so 

because highly conductive CNTs are able can added 

to the PVA matrix to form a conductive medium 

within the composites. Electrical conductivity is 
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slightly decreasing in the NC4 sample as the amount 

of CNTs increases; this may be a result of the CNTs 

aggregating together in high concentrations. This is 

matched with Mora et. al. 2020 20 . The NC3 sample, 

which had a 6% wt carbon nanotube concentration, 

had the ideal test results with an electrical 

conductivity of about 20 ohm-1 .cm-1.  

 

Table 4. Electrical properties of samples 
No. Sample contents 

PVA con%+ 

CNTs WT% 

Resistivity 

Ω. Cm 

Conductivity 

Ω-1. cm-1 

NC0 

NC1 

NC2 

NC3 

PVA+00 

PVA+2% 

PVA+4% 

PVA+6% 

0.07 

0.06 

0.055 

0.05 

14.28 

16.66 

18.8 

02 

 
Figure 5. the relationship between the 

conductivity of nanofibers and CNTs wt.  

 

FTIR Analysis      

Table 5. and Fig 6. Show the FTIR spectra of PVA 

nanofibers and PVA – reinforced with MWCNTs.   

Table 5. FTIR analysis of nanocomposites bonds 
Groups Bonds Wave no. cm-1 

Hydrocele   

Ester  

Ester  

O-H  

CH2  , CH 

stretching 

C=O & 

MWCNT-

COOH 

CO stretching 

2800-3200 

022 , 0220 -2600  

7171  

1020,1100,1250 

 

Fig. 6 illustrates that the characteristic peak of the 

PVA's hydrogen-bonded hydroxyl group can be seen 

in all spectra in the 2800-3200 cm-1 area as a broad, 

prominent peak. There are peaks at 1020, 1100, and 

2000 cm-1 that is related to the C-O stretching modes 

of the ester groups were created, this is matched with 

Ruwaidah et.al 21 , and the strong sharp peak at 1620 

cm-1 is the result of this stretching  . The FTIR spectra 

of CNT-PVA display these peaks, which indicate 

that an esterification reaction occurred between the 

hydroxyl groups of the PVA macromolecule and the 

carboxyl groups of oxidized CNTs.  Peaks at 2600, 

2400, and 2000 cm-1 attributed to C-H stretching 

modes of the PVA backbone define CH2 groups. 

These peaks can be found in both spectra. 

 

  

 
Figure 6. FTIR analysis of PVA and it's nanocomposites 

In the spectra of the PVA-grafted CNTs, a signal that 

is less strong at 1717 cm-1 represents the carboxyl C-

O group of the additional CNT-COOH traces. The 

meta-disubstitution process has affected the majority 

of benzene rings in carbon nanotubes, as indicated by 

double peaks in the 840-900 cm-1 and 750-840 cm-1 

ranges. This corresponds to Malikov et al.22. 

Thermal Properties by DSC 

Fig. 7 a-d and table 6. Show the thermal analysis of 
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PVA and it's nanocomposites As seen in Fig.  7 a–d 

, the addition of CNTs to PVA can increase the Tg 

by reducing the movement of the polymer chains and 

increasing their stiffness. Because CNTs have a wide 

surface area, a high thermal conductivity, and are 

more effective at high temperatures, Tm decreased as 

CNT concentration rose. 23-24 

Table 6. thermal analysis of nanocomposites thin 

films 
Crystallinity 

-j/g 

Tm 
oC 

Tg  
oC 

Sample No. 

4                  

41               

32               

33               

198           

193           

189           

187 

87           

94           

97          

107 

PVA NFs                               

PVA+2% wt 

CNTs              

PVA+4% wt 

CNTs               

PVA+6% wt 

CNTs 

NC0 

NC1 

NC2 

NC3 

 

a. PVA 

b. PVA+2% CNT 

 
c. PVA+4% CNT 

 
d. PVA+6% CNT 

Figure 7.a-d thermal analysis of PVA Nano fibers 

and PVA +CNTs 

The area under Tm with a J/g unit can be used to 

measure the crystallinity of the nanocomposite 

sample, however, as shown in Table 6 and Fig. e 7. 

The addition of CNTs increased the crystallinity ratio 

by 0.02 weight, from 5 J/g to 41 j/g. This is because 

low concentrations of CNTs can produce a high 

dispersion effect, which also results in a highly 

homogenous morphology of the sample. In addition, 

when the weight % of CNTs was increased to 0.04 

and 0.06 wt, respectively, the crystallinity ratios 

reduced slightly from 41 J/g to 32 and 33 J/g. This 

could be because a small amount of agglomeration 

could occur with a greater quantity of CNTs. Fig. 7e 

shows the relationship between the CNTs ratios and 

the crystallinity of the nanocomposite samples. High 

optical properties can be obtained with low 

crystallinity ratios, as well as the high quantity of 

CNTs leads to more scattering light , low 

transmittance and high absorption intensity which 

leads to high efficiency in electro voltaic applications 
25-26  . 
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Figure 7e. the relationship between the CNTs 

ratios and the crystallinity of the nanocomposites 

sample 

 
Figure 7f. Standard deviation and error part of 

Tg of the nanocomposites samples 

 
Figure 7g. Standard deviation and error part of 

Tm of the nanocomposites samples 

    As can be seen in Fig. 7f, there is a substantial 

error component with the sample NC1, which 

contains 0.02 weight percent of CNTs, while Fig. 7g, 

which displays the Tm standard deviation, does not 

exhibit any major error. The glass transition 

temperature and melting point of the nanocomposite 

samples leads to enhance the thermal stability of 

these sample and leads to increase the lifetime of the 

prepared device 27.  

 

Optical Properties 

Absorbance  

The ultraviolet (UV) absorbance of PVA and 

samples of its nanocomposites is displayed in Fig. 8: 

It should be noted that PVA exhibits an absorption 

peak in the ultraviolet region at 250 nm. Because 

CNTs contain electrons that can absorb UV radiation 

because these wavelengths have higher energy than 

is necessary to stir up electrons, increasing the 

concentration of CNTs causes both a shift in the 

wavelength of UV radiation that is absorbed and an 

increase in the intensity of radiation absorption.  We 

find that the resulting thin film is insufficient after 

300 nm, and no absorbance wavelength peaks are 

discernible 28 . 

 
Figure 8. Absorbance of PVA+CNTs Nanofibers 

 
Figure 9. Transmittance of  PVA+CNTs 

Nanofibers 

 

Absorption coefficient 

Using a UV spectrum that spans from UV radiation 

to visible light at 200–500 nm, Fig 10 shows the 

absorption coefficient of PVA nanofibers together 

with samples of their nanocomposites  

 
Figure 10. Absorption coefficient of PVA and  

PVA+CNTs Nanofibers 
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Fig. 10 refers to a significant absorption edge that can 

be seen in the UV region of the pure PVA's 

absorption spectrum, whereas the visible range 

shows a sudden decline in absorption. The maximum 

absorption coefficient is PVA + 6% wt of CNTs. This 

is because CNTs have n electrons, which allow them 

to absorb UV or visible light because the energy of 

these rays is more than what is needed to stir up 

electrons. This is in line with the results 29-31 . The 

absorption coefficient establishes the depth to which 

light of a given wavelength can pass through a 

material before being absorbed. Light is only weakly 

absorbed by materials with low absorption 

coefficients; if the material is sufficiently thin, it will 

seem transparent at that wavelength. Both the 

substance and the wavelength of light being absorbed 

affect the absorption coefficient. Because light with 

energy below the band gap cannot drive an electron 

from the valence band into the conduction band, 

semiconductor materials exhibit a sharp edge to their 

absorption coefficient. This light is not absorbed as a 

result. As photon energy increases, samples exhibit 

an increase in absorption coefficient..  

PVA/MWCNT films have low transmittance and 

high absorption, which makes them useful for a 

variety of uses, including UV shielding and solar 

collector, this is matched with 32-34. 

 

Direct Energy Gap 

Fig. 11. and Table 7. show the direct energy band gap 

of PVA + CNTs nanofibers. Note that the direct 

energy gap reduces as the concentration of CNTs 

increases.  well. As well as, this is because the CNTs 

with the lowest energy gaps help the electron move 

quickly and efficiently from the valence band to the 

conduction band .This is similar to that Majeed 

concluded 29. The decrease in Eg as the weight 

percentage of MWCNTs increases may be attributed 

to the formation of localized states in the forbidden 

band gap as a result of Van Hove singularities and an 

increase in polaron production, this is matched with 

Farag and abdel-fattah 34 Electronic applications 

become more efficient when the energy gap in 

semiconductor materials narrows, thereby lowering 

the energy needed for additional electrons to 

participate in the electrical conduction process 35.  

The stated Eg values of the samples under 

examination match those of earlier research quite 36. 

 

Table 5. The Direct Eg of samples 
No. of 

samples 

Contents Energy 

gap (eV) 

NC0 

NC1 

NC2 

NC3 

PVA GEL 

PVA 

GEL+50ppm 

PVA GEL+4% 

wt 

PVA GEL + 

6% wt 

3 

2.5 

2.25 

1.75 

 

 
Figure 11. Direct Energy Band Gap of 

PVA+CNTs Nanofibers

 

Conclusions 

 
This investigation leads us to the conclusion that 

adding CNTs to PVA membranes improves their 

optical, electrical, and thermal properties. The 

addition of CNTs results in a decrease in the energy 

gap with a growth in their concentration. Electrical 

conductivity increases along with the concentration 

of CNTs. Tg increases and Tm decreases as the 

concentration of CNT increases.  With 6% weight of 

CNTs, the optimal sample exhibited the best 

absorption coefficient, lowest energy band gap of 

1.75 eV, and maximum electrical conductivity of 20 

(ohm-1.cm-1). As well as the glass transition 

temperature of the optimum sample about 107 oC , 

and Tm was about 187 o C. On the other hands , can 

be concluded the addition of 0.06 wt of CNTs to the 

PVA solution leads to produce an homogenous and 

free beads nanofibers. According to our finding , we 

suggest the using of the prepared Nano composites 

fibers with electro voltaic devices as solar cell , 

sensors, and anti UV-devices. The prepared sample 

with electrospinning technique has many advantages 

as low cost, easy for fabrication with high controlling 

morphology and high electrical, thermal and optical 

properties  

0

10

20

30

40

50

60

70

80

1.5 2 2.5 3 3.5 4

d
ir

ec
t 

en
er

gy
 g

ap

photon energy 

NC1

NC2

NC3

NC0

https://doi.org/10.21123/bsj.2024.10653
https://doi.org/10.21123/bsj.2024.10653


 

Published Online First: October, 2024 

https://doi.org/10.21123/bsj.2024.10653  

P-ISSN: 2078-8665 - E-ISSN: 2411-7986 
 

Baghdad Science Journal 

Acknowledgement 

We are grateful for the assistance in conducting this   

research provided by the Universities of Babylon and  

the University of Technology.    

 

Authors' declaration 

- Conflicts of Interest: None. 

- We hereby confirm that all the Figures and 

Tables in the manuscript are ours. Besides, the 

Figures and Images, which are not ours, have 

been given permission for re-publication 

attached with the manuscript. 

- No animal studies are present in the manuscript. 

- No human studies are present in the manuscript. 

- No potentially identified images or data are 

present in the manuscript. 

- Ethical Clearance: The project was approved by 

the local ethical committee at University of 

Babylon. 

 

Authors’ Contribution Statement 

In order to finish this research in its final form, each 

researcher's input complemented that of the others. 

R. M. prepared the samples. N. A. completed the 

FTIR spectroscopy test and viscosity of solutions. B. 

M. talked about the samples' optical qualities, R. M.  

discussed about their thermal characteristics, and H. 

J. finished up the nanoscale properties. 
 

References

1. Adib B R, Mahima H, Mohaimenul S M , Labib. 

Nanotechnology-enhanced fiber-reinforced polymer 

composites: Recent advancements on processing 

techniques and applications. Heliyon. 2024 Jan ; 10(2) 

: e24692 ,   

https://doi.org/10.1016/j.heliyon.2024.e24692           

2. Muhammad Z , Syed MI , Minahil A , Saad C , Sohaib 

A  , Woo Young K. Graphene-based polymer 

nanocomposites for energy applications: Recent 

advancements and future prospects. Res .Phys . 2024 

Apr ; 60 (4) : 107655 , 

https://doi.org/10.1016/j.rinp.2024.107655  

3.  Bustamante-Torres M, Romero-Fierro D, Arcentales-

Vera B, P S, Bucio E. Interaction between Filler and 

Polymeric Matrix in Nanocomposites: Magnetic 

Approach and Applications. Polym. 2021 Sep; 

13(17):2998. https://doi.org/10.3390/polym13172998   

4. Kadhim H J, Majeed S M. Ahmed D S. Prepared poly 

amide nanofibers reinforced with ZnO Nanoparticles 

using electrospinning technique. Dig J Nanomater 

Bios 2019 Sep; 14 (3): 637-640.  

5. Kadham, DA, Braihi AJ, Kadhim H J . Impacts of 

iodine on the properties of electrospun polymeric 

nanofibers. Fuller Nanotub  Carbon Nanostructures. 

2023 Apr  ; 31 (4) : 388-394 , 

https://doi.org/10.1080/1536383X.2023.2168266       

6. Shubham S, Akarsh V, Sanjay M R 

,  Suchart  S, Shigenobu O. Recent progressive 

developments in conductive-fillers based polymer 

nanocomposites (CFPNC's) and conducting polymeric 

nanocomposites (CPNC's) for multifaceted sensing 

applications. J Mat. Res.  Technol. 2023 Sep ; 26(9) : 

5921-5974 , 

https://doi.org/10.1016/j.jmrt.2023.08.300  

7. Ana L   Juliana B M, Jorge Alberto V , Michele G. 

Development of time-pH indicator nanofibers from 

natural pigments: An emerging processing technology 

to monitor the quality of foods. WLT, 2021 May ; 142 

(5) : 111020 , 

https://doi.org/10.1016/j.lwt.2021.111020  

8. Alesa  HJ , Aldabbag BM , Salih RM .  Natural 

pigment -poly vinyl alcohol nano composites thin 

films for solar cell. Baghdad Sci J. 2020 Sep ; 17(3): 

832–840. http://dx.doi.org/10.21123/bsj 

.2020.17.3.0832 

9. Laura W, Han L, Christian R, Jianhui C, Benjamin S. 

F  . Carbon Nanotubes for Photovoltaics: From Lab to 

Industry. Adv Energy Mater. 2021 Jan , 11 (3) : 1-18 , 

https://doi.org/10.1002/aenm.202002880  

10. Iliya E K, Alexander V A, Pavel A T. Nanomaterials 

for Solar Cell Applications. Science Direct, Elsevier, 

Netherlands, 2019, 15. Polymer nanocomposites for 

solar cells. research trends and perspectives. p. 557-

600. https://doi.org/10. 1016/B978-0-12-813337-

8.00015-1 

11. Dhyaa  M B , Kadhim  J  H  Rana  M S. Studying the 

effect of Polyamide 6 Nanofibers on Physical and 

Chemical Properties of Unsaturated Polyester 

Reinforced by Glass Fibers Composites. IOP Conf Ser: 

Mater Sci Eng. 2020 Nov; 757 (012001) : 1-6 

https://doi.org/10.21123/bsj.2024.10653
https://doi.org/10.21123/bsj.2024.10653
https://doi.org/10.1016/j.heliyon.2024.e24692
https://doi.org/10.1016/j.rinp.2024.107655
https://doi.org/10.3390/polym13172998
https://doi.org/10.1080/1536383X.2023.2168266
https://doi.org/10.1016/j.jmrt.2023.08.300
https://doi.org/10.1016/j.lwt.2021.111020
http://dx.doi.org/10.21123/bsj%20.2020.17.3.0832
http://dx.doi.org/10.21123/bsj%20.2020.17.3.0832
https://onlinelibrary.wiley.com/toc/16146840/2021/11/3
https://doi.org/10.1002/aenm.202002880
https://doi.org/10.%201016/B978-0-12-813337-8.00015-1
https://doi.org/10.%201016/B978-0-12-813337-8.00015-1


 

Published Online First: October, 2024 

https://doi.org/10.21123/bsj.2024.10653  

P-ISSN: 2078-8665 - E-ISSN: 2411-7986 
 

Baghdad Science Journal 

http://doi.org/10.1088/1757-899X/757/1/012001  

12. Rusul M A, Jawad K, Ali A A . Blended PVA/PVP 

Electro spun nanofibers for Coating Application. J 

Phys: Conf Ser. 2021 Dec; 2114 (012031): 1-6. 

https://doi.org/ 10.1088/1742-6596/2114/1/012031    

13. Mansoor F, Fateme S M, Ameneh A . Synthesis, 

characterization, thermophysical properties and shape 

stability of paraffin/CNTs nanocomposite phase 

change materials . Fuller Nanotub Carbon 

Nanostructures,  2023 Oct ; 31 (10) :999-1005. 

https://doi.org/10.1080/1536383X.2023.2231580  

14. Flayeh  A A, Jawad  K H . Enhancing the physical 

properties of polystyrene nanofibers by adding 

multiwall carbon nanotubes and natural dye. Fuller  

Nanotub  Carbon Nanostructures, 2022 Jun ; 30 

(11):  1090-1096 

,  http://dx.doi.org/10.1080/1536383X.2022.2070156 

15. Banerjee M , Amit J, G.S. M. Microstructural and 

optical properties of polyvinyl alcohol/manganese 

chloride composite film. Polym. Comp. 2019 Jan;  40 

(51) : 765-775 , https://doi.org/10.1002/pc.25017  

16. Kostrzanowska-Siedlarz A, Musioł K, Ponikiewski T, 

Janas D, Kampik M. Facile Incorporation of Carbon 

Nanotubes into the Concrete Matrix Using 

Lignosulfonate Surfactants. Mater . 2024 Oct ; 

17(20):4972. https://doi.org/10.3390/ma17204972  

17. Xian-Gang H, Zhenhua L, Liming D, Jingjing C. 

Recent advances of carbon nanotubes in perovskite 

solar cells. SusMat. 2023 Oct; 3 (5): 639-670 , 

https://doi.org /10.1002/sus2.158 

18. Hamdy M Z, Elmetwally M A, Amr M A, Ahmed E T. 

Characterization and some physical studies of 

PVA/PVP filled with MWCNTs . J  Mater Res 

Technol. 2019 Jan ; 8 (1) : 904-913 

https://doi.org/10.1016/j.jmrt.2018.04.023 

19. Kailasa S ,  Reddy S  B, Rani G K, Rao. V  K  

Sadasivuni  K , Macromol. M . Electrospun 

Nanofibers: Materials, Synthesis Parameters, and 

Their Role in Sensing Applications . Mater. Eng. 2021 

Nov ; 306 (11) : 2100410 , 

https://doi.org/10.1002/mame.202100410  

20.  Mora A, Verma P, Kumar S.  Electrical conductivity 

of CNT/polymer composites: 3D printing, 

measurements and modeling . Compos B: Eng. 2020 

Jan ; 183(2020):107-115 

https://doi.org/10.1016/j.compositesb.2019.107600 

21. Ruwaidah S S ,  Hanaa G A, Kawther A O. Synthesis 

and Characterization of Grafted Chitosan Blending 

with Polyvinyl alcohol / Nanocomposite and Study 

Biological Activity. Baghdad Sci. J . 2023 Feb ; 20(5): 

1692-1700 , https://dx.doi.org/10.21123/bsj.2023.ID  

22. Malikov E Y, Muradov M B, Akperov O H , Eyvazova 

G M , Puskás R,  Madarász D,  Nagy L Synthesis and 

characterization of polyvinyl alcohol based 

multiwalled carbon nanotube nanocomposites. 

Physica E . 2014 Jun ;  61(2014): 129-134. 

https://doi.org/10.1016/j. physe.2014.03.026 

23. Darwish R M, Kadhim H, Dhyaa B  . Thermal and 

morphological properties of electro spun polyamide – 

poly vinyl alcohol/CNPs nanofibers for filtration 

process. Fuller Nanotub Carbon Nanostructures, 2023 

Jun; 31:(11) : 1019-1029 

https://doi.org/10.1080/1536383X.2023.2236259 

24. Nan  N,  DeVallance  D,  Xie ,X  Wang. J. The effect 

of bio-carbon addition on the electrical, mechanical, 

and thermal properties of polyvinyl alcohol/biochar 

composites, J  Compos Mat, 2016 Jun ;   50 (7):   1161  

https://doi.org/10.1177/00 21998315589770 

25. Monirul H ,  Sujan K D , Jahid M.M. Islam Md Abdul 

G, Enamul H , Mubarak A K. Thermal Properties of 

Carbon Nanotube (CNT) Reinforced Polyvinyl 

Alcohol (PVA) Composites. Int. Lett. Chemi , Phys  

Astron. 2013 Sep ; 17 (10) : 59-66  , 

https://doi.org/10.56431/p-vsmm30 

26. Tomasz B, Andrea E.  Optical Properties of 

Electrospun Nanofiber Mats, Membranes , 2023 Apr; 

13 (4) 441; https://doi.org/10.3390/ 

membranes13040441 

27. Zhou J,  Zhongxun Y, Yarong L,   Wang C , Ping H,  

Yong L. Highly thermal conductivity of PVA-based 

nanocomposites by constructing MWCNT-BNNS 

conductive paths Compos Pt A , 2022 Dec ; 163 (12) : 

107195 , https://doi.org/10.1016/j. 

compositesa.2022.107195 

28. Zhang K, Chen G, Zhou S, Yuan Z, Gu X, Zhou D, 

…et al . Carbon nanotube electron blackbody and its 

radiation spectra. Proc Natl Acad Sci U S A. 2023 Feb 

; 120 (6) : e2209670120. 

https://doi.org/10.1073/pnas.2209670120  

29. Majeed A H. The Properties of (PVA-CNTs) 

Nanocomposites . Adva  Phys Theor   Appl. 2013 Oct 

; 15 (10): 1-15 

30. Abdullaha  A M ,   Alwana L H , Ahmedb A.A.  

Abedc  R.N.  Physical Study of PVA Filled with 

Carbon Nanotube and Nano Carbon with 

Roughness Morphology. Phys. Chem. Res., 2023 Dec 

;  11 ( 4) : 747-760,  https://doi.org/10 .22036/pcr. 

2022.362088.2195 

31. Ahmad A A, Al-Bataineh QM, Bani-Salameh AA, 

Telfah AD. Optical, optoelectronic, structural, and 

chemical characterizations of (PEO-PVA)/MWCNT 

nanocomposite films. Surf Interfaces . 2022 Oct; 33 

(102202) :1-10 , https://doi.org/10. 

1016/j.surfin.2022.102202  

32. Selikhov Y , Klemeš J  J , Kapustenko P,  Arsenyeva  

O. The study of flat plate solar collector with absorbing 

elements from a polymer material . Energy, 2022 Oct 

; 256 (124677) : 1-7 https://doi.org/10.1016/j.energy. 

2022.124677  

33. Farag  O F , Abdel-Fattah  E. Synthesis and 

characterization PVA/plasma-functionalized 

MWCNTs nanocomposites films.  J Polym Res . 2023 

May ;  30 (183) :1-13   https://doi.org/10.1007/s10965-

023-03550-8  

34. Hamsa  M H, Iftikhar M A. Enhancement the 

photosensitivity of PVA NFs/Si prepared by 

https://doi.org/10.21123/bsj.2024.10653
https://doi.org/10.21123/bsj.2024.10653
http://doi.org/10.1088/1757-899X/757/1/012001
https://doi.org/%2010.1088/1742-6596/2114/1/012031
https://doi.org/10.1080/1536383X.2023.2231580
http://dx.doi.org/10.1080/1536383X.2022.2070156
https://doi.org/10.1002/pc.25017
https://doi.org/10.3390/ma17204972
https://doi.org/10.1002/sus2.158
https://doi.org/10.1016/j.jmrt.2018.04.023
https://doi.org/10.1002/mame.202100410
https://doi.org/10.1016/j.compositesb.2019.107600
https://dx.doi.org/10.21123/bsj.2023.ID
https://doi.org/10.1016/j.%20physe.2014.03.026
https://doi.org/10.1080/1536383X.2023.2236259
https://doi.org/10.1177/00%2021998315589770
https://doi.org/10.56431/p-vsmm30
https://doi.org/10.3390/%20membranes13040441
https://doi.org/10.3390/%20membranes13040441
https://doi.org/10.1016/j.%20compositesa.2022.107195
https://doi.org/10.1016/j.%20compositesa.2022.107195
https://doi.org/10.1073/pnas.2209670120
https://doi.org/10
https://doi.org/10.%201016/j.surfin.2022.102202
https://doi.org/10.%201016/j.surfin.2022.102202
https://doi.org/10.1016/j.energy.%202022.124677
https://doi.org/10.1016/j.energy.%202022.124677
https://doi.org/10.1007/s10965-023-03550-8
https://doi.org/10.1007/s10965-023-03550-8


 

Published Online First: October, 2024 

https://doi.org/10.21123/bsj.2024.10653  

P-ISSN: 2078-8665 - E-ISSN: 2411-7986 
 

Baghdad Science Journal 

electrospinning technique . Optik , 2022 Oct; 367 

(169659) : 1-10 https://doi.org/10. 

1016/j.ijleo.2022.169659 

35. Ahmad A A, Al-Bataineh QM, Bani-Salameh AA, 

Telfah AD. Optical, optoelectronic, structural, and 

chemical characterizations of (PEO-PVA)/MWCNT 

nanocomposite films. Surf Interfaces , 2022 Oct; 33 

(10) : 102202 , 

https://doi.org/10.1016/j.surfin.2022.102202  

36. Che Y, Chen H, Gui H, Liu J, Liu B, Zhou C  Review 

of carbon nanotube nanoelectronics and 

macroelectronics. Semicond Sci Technol , 2014 Jul ;  

29 (7) : :073001, https://doi.org/10.1088/0268-

1242/29/7/073001     

 

 

 الكاربون النانوية  انابيبتحسين الخواص الفيزيائية للالياف النانوية لبولي فاينيل الكحول باضافة 

  3رنا مهدي،  2بلقيس محمد ، 1هناء جواد ، 1ناردين عدنان ،  1رسل محمد

  .العراق ،قسم هندسة البوليمير ، كلية هندسة المواد ، جامعة بابل ، بابل  1
  .العراق ،قسم تقنيات صناعة الاسنان ، جامعة التراث ، بغداد  2
  .العراق ،لوجية ، بغداد وقسم العلوم التطبيقية ، الجامعة التكن 3

                                                                                                

 ةالخلاص

 استخدام تم. ربائيالكه الغزل بطريقة النانوية الكربون وأنابيب فينيل البولي كحول من نانوية ألياف من عينات تحضير تم الدراسة هذه في

 .والحرارية والكهربائية الضوئية الخصائص دراسة تمت نسبة وزنية .  %6و 0و 0وهي  الكربونية ، النانوية الانابيب  من مختلفة نسب

 العينات اواصر ةلدراس لفوريير الطيفي التحليل استخدام تم الالياف النانوية .تم استخدام المجهر الالكتروني الماسح لدراسة مورفولوجية 

 ظهرتأ تم استخدام المسعر الحراري التفاضلي لدراسة الخواص الحرارية المتمثلة بدرجة الانتقال الزجاجي ونقطة الأنصهار..المحضرة 

حيث تزداد درجة الانتقال   الحرارية الخواص في تحسن إلى يؤدي بالوزن %6صغيرة   بنسب النانوية الكربون انابيب إضافة أن النتائج

 بالوزن %6 ترتفع الموصلية الكهربائية بإضافة. بالوزن  %6 تقوية نسبة. مع مئوية درجة 721 إلى مئوية درجة 71.71الزجاجي من  

 جوةف في إمكانية التحكم إلى البنفسجية فوق الأشعة طيف نتائج تشير 7-سم  7-اوم  02الى  70.07من )  الكربونية النانوية الأنابيب من

نسبة  %6الكترون .فولت بإضافة  2.11الكترون .فولت الى  5.01الكربونية  وتقليل قيمتها من  النانوية الأنابيب  بإضافة الطاقة نطاق

وزنية من المادة النانوية . كما ان خواص الامتصاصية ومعامل الامتصاص تزداد بإضافة انابيب الكاربون النانوية ، حيث اثبتت النتائج 

 ن انابيب الكاربون النانوية.                          م %6ان افضل نتيجة في تحسين الخواص كانت بالضافة 

 ق البنفسجية.مطيافية الاشعة فو انابيب الكاربون النانوية ، بولي فينيل الكحول ، اغشية رقيقة ، متراكبات نانوية ،  الكلمات المفتاحية:

https://doi.org/10.21123/bsj.2024.10653
https://doi.org/10.21123/bsj.2024.10653
https://doi.org/10.%201016/j.ijleo.2022.169659
https://doi.org/10.%201016/j.ijleo.2022.169659
https://doi.org/10.1016/j.surfin.2022.102202
https://doi.org/10.1088/0268-1242/29/7/073001
https://doi.org/10.1088/0268-1242/29/7/073001

