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Abstract

The aim of this mini review article, discussed the recent research in the field of polymer
nanocomposite deals with properties of polymer solution parameters such as viscosity, molecular weight,
concentration of polymeric substance in solution and surface tension of solution on morphological
properties of nanofibers produced by electrospinning technology such as nanofiber diameters and the
number and size of beads formed on the surface of the nanofiber web. All researches have proven that the
viscosity or concentration of the polymer solution, lead to increase the diameters of the nanofibers and
reduces the size and number of beads, as well as converting the fiber path jet from unstable and
unmonotonous to more stable. This behavior positively affects the formation and orientation of the fibers,
but did not lead to the enhancement of the crystalline and thermal properties of the nanofibers. Therefore,
other researchers studied adding nanoparticles such as salts to polymeric solutions to get rid of the number
and size of beads in the nanofiber web as a result of using low concentrations. These nanoparticles improve
the morphological properties as well as enhance the crystalline and thermal properties of the nanofiber
network, leading to increased engineering and medical applications such as wastewater treatment and drug
delivery.

Key Words: Solution Parameters, Composites nanofibers, Nanoparticles, Nanofiber Diameters, Beads
Formation.

Introduction

The parameters of the polymeric solution are one of the important characteristics that must be
controlled in the electrospinning technique in order to obtain composite nanofibers with high physical
specifications [land 2]. These parameters are viscosity, surface tension, conductivity, and molecular
weight, dipole moment, and dielectric constant [1and 3]. Controlling any of these parameters increases the
applications of composite nanofibers in fields such as tissue engineering scaffold [4], protective clothing,
electronics, catalysis, ceramic fibers, wound dressing [3], drug delivery materials [5 and 6]. One of the
most important parameters of polymeric liquids is the concentration of the polymeric solution and its direct
relationship to the viscosity of the liquid. Low viscosity liquids produce polymeric fibers with low
diameters [7], but they suffer from morphological problems such as the number and sizes of beads formed
in the fibrous tissue are many, and this phenomenon leads to weakness in the performance of the fibers and
limits its applications in engineering and medical fields [8]. While solutions with high concentrations are
free from the phenomenon of beads and there is stability in the process of deposition of fibers on the
collector, in addition to an improvement in the orientation of the fibers [9]. However, the composite
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nanofibers suffer at the same time from a weakness in the crystalline and thermal properties as a result of
having high diameters that cause a decrease in their porosity and surface area [10 and 11]. In order to
overcome the problem of beads formation, many researchers studied adding nanoparticles that increase the
electrical and thermal conductivity of the polymeric solution beside reducing the diameter of the composite
nanofibers, improve their physical properties and eliminate the formation of beads in the web of nanofibers
deposited on the collector. These particles are the salt [12 and 13], which having a good physical
specifications as surface area, particle size distribution and surface chemistry [14]. Where bonhomie was
added to polyacrylonitrile [2], also fibers spun from PEO [15], collagen type I-PEO [12], and PDLA [13].
For example, these particles have a small size with low loading levels [16] and a high ability to dispersion
in the polymer matrix with an absence of the aggregates at low particle size [17] and lead to strong
interference with the polymer chains and enhance the thermal and electrical conductivity, these materials
lead to a new technologies because of its strong and flexible structure [18 and 19]. Therefore, the
nanoparticles are essential with a view to expanding the industrial applications of nanocomposites [20 and
21]. On the other hand, the relationship between the viscosity, concentration and surface tension of
polymeric solutions is linked to each other in a direct relationship, Kuchi et al studied the preparation and
characterization of composite nanofibers from (TiO2-PVP) and the researchers found that increasing the
concentration (PVP) means increasing the surface tension, in addition of the adding of the TiO2
nanoparticles lead to produce a uniform and smooth nanofibers without any bead formation [22]. The
bonds in the polymer chains have a relationship with the viscosity of the solution and lead to an increase
in the electrostatic force of the solution, which would enhance (instability of the nanofiber jet) and also
promote an increase in the time period to be longer [23 and 24]. The surface tension property of the solution
is very important in starting the nanofiber electrospinning process when the applied potential forces
overcome the surface tension force of the polymeric solution [25].

On the other hand, the relationship between surface tension and solution viscosity plays a key role
in determining a suitable ranges of solution concentrations as well as obtaining continuous nanofibers.
Surface tension is cautious and uncontrollable the flow of the polymer solution to the tip of the needle and
by the cohesive nature of high viscosity solutions, in addition of, an increase in viscosity leads to an increase
in the electrical conductivity of the polymeric solution [26] . In order to produce stable and continuous
composite nanofibers with good morphological appearance and low diameter of nanofibers, solvent having
high dielectric constant was used, low surface tension and low viscosity, for example, use ethanol as a
solvent to produce poly (vinylpyrrolidone)-TiO2 nanofiber.

Low molecular weight of polymers require higher concentrations than the same polymers that
having a high molecular weight in order to produce stable, continuous with no beads formation [27]. Also,
the molecular weight of polymeric solutions plays an important role in the performance of humidity
sensing, as the high molecular weight gives a faster sensing of humidity with a short time ,recovery time,
and least hysteresis, because the composite nanofibers produced by polymers with high molecular weights
have a high surface area [28].

Conclusion

Parameters of polymeric solution as viscosity, surface tension, conductivity, and molecular weight,
dipole moment, and dielectric constant had been discussed in previous studies in this review. The
controlling of any of these parameters lead to increase the applications of composite nanofibers in fields
such as tissue engineering scaffold and medical applications. One of the most important parameters of
polymeric liquids is the concentration of the polymeric solution and its direct relationship to the viscosity
of the liquid. Low viscosity liquids produce polymeric fibers with low diameters, but they suffer from
morphological problems such as the number and sizes of beads formed in the fibrous tissue are many, and
this phenomenon leads to weakness in the performance of the fibers and limits its applications in
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engineering and medical fields. Therefore, the adding nanoparticles that increase the electrical and thermal
conductivity of the polymeric solution besides reducing the diameter of the composite nanofibers, improve
their physical properties and eliminate the formation of beads in the web of nanofibers deposited on the
collector.

Conflicts of Interest
The author declares that they have no conflicts of interest.

References

[1] R. Cui, “PVP-CA composite Preparation and its characteristics”, Ph.D. dissertation, the Graduate
School, and Stony Brook University: Stony Brook, NY. 2014.

[2] S.A. Habeeb, L .Rajabi, and F. Dabirian, “Production of polyacrylonitrile/boehmite nanofibrous
composite tubular structures by opposite- charge electrospinning with enhanced properties from a
low- concentration polymer solution”, Polymer Composites, Vol .41, No. 4, PP. 1649-1661, 2020.

[3] S.A. Habeeb, L .Rajabi, and F. Dabirian, “ Comparing Two Electrospinning Methods in Producing
Polyacrylonitrile Nanofibrous Tubular Structures with Enhanced Properties”, Iranian Journal of
Chemistry and Chemical Engineering (IJCCE),Vol. 38 No.3, PP. 23-42,2019.

[4] B.A .Nadhim, and S.A. Habeeb, ““ Studying the Physical Properties of Non-Woven Polyacrylonitrile
Nanofibers after Adding y-Fe203 Nanoparticles” Egyptian Journal of Chemistry, Jul .13,2021.

[5] D. Faris, N.J. Hadi, and  S.A. Habeeb, “Effect of rheological properties of (Poly vinyl
alcohol/Dextrin/Naproxen) emulsion on the performance of drug encapsulated nanofibers”, Materials
Today: Proceedings, Vol. 42, PP. 2725-2732, 2021. https://doi.org/10.1016/j.matpr.2020.12.712

[6] S.A. Habeeb, N. A. Birtio, and H. J. Kadhim. "Studying the effect of bio natural dye on optical
properties of liquid poly vinyl alcohol.”" J Materials Science and Nanotechnology, Vol .4 , No. 3,PP.
04 6, 2020.

[7] V. Beachley and X. Wen, “Effect of electrospinning parameters on the nanofiber diameter and length”,
Materials Science and Engineering: C, VVol. 29, No. 3, PP. 663-668, 2009.

[8] M. Chen, P.K. Patra, S.B. Warner, and S. Bhowmick, “ Optimization of electrospinning process
parameters for tissue engineering scaffolds”, Biophysical Reviews and Letters Vol.1No.2, PP.153-
178, 2006.

[9] X.M. Mo, C.Y. Xu, M. Kotaki, and S. Ramakrishna, “ Electrospun P (LLA-CL) nanofiber: a
biomimetic extracellular matrix for smooth muscle cell and endothelial cell proliferation,
Biomaterials, Vol. 25,No.10,PP. 1883-1890,2004 .

[10] S. A Al-Juothry, “The Influence Surface Area and Structure of Particles Carbon Black on Cure
Characteristics and Mechanical Properties of Natural Rubber”, International Journal of Advanced
Research in Engineering and Technology, Vol. 5, No. 5, PP.149, 2014.

Al-Juothry, S. A. (2014). The Influence Surface Area and Structure of Particles Carbon Black on Cure
Characteristics and Mechanical Properties of Natural Rubber. International Journal of Advanced
Research in Engineering and Technology, 5(5), 149.

[11] H. Wu, J. Fan, C.C. Chu, and J. Wu, “Electrospinning of small diameter 3-D nanofibrous tubular
scaffolds with controllable nanofiber orientations for vascular grafts”, Journal of Materials Science:
Materials in Medicine, Vol .21, No. 12, PP.3207-3215, 2010.

Journal of University of Babylon for Engineering Sciences by University of Babylon is licensed under a Creative
Commons Attribution 4.0 International License.

117

ISSN: 2616 - 9916

www.journalofbabylon.com

info@journalofbabylon.com | Journal.eng@uobabylon.edu.iq


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
mailto:info@journalofbabylon.com
mailto:Journal.eng@uobabylon.edu.iq
mailto:Journal.eng@uobabylon.edu.iq
https://www.journalofbabylon.com/index.php/JUB/issue/archive
https://www.journalofbabylon.com/index.php/JUB/issue/archive
https://doi.org/10.1016/j.matpr.2020.12.712

JOURNAL OF UNIVERSITY OF BABYLON
ARPRTINIE Vol.29, No.2.| 2021

For ENGINEERING SCIENCES (JUBES)

T TSy

”n

a4 o oo Ao i ) el 2

[12] L. Huang, K.P. Nagapudi, R. Apkarian, and E.L. Chaikof, “Engineered collagen—-PEO nanofibers
and fabrics. Journal of biomaterials science”, Polymer edition,VVol. 12 ,No. 9,PP. 979-993,2011.

[13] X. Zong, K. Kim, D. Fang, S. Ran, B.S. Hsiao, and B. Chu, “Structure and process relationship of
electrospun bioabsorbable nanofiber membranes”, polymer, Vol. 43, No. 16, PP. 4403-4412,2012.

[14] S.A. Habeeb, Z.K. Alobad, and M.A. Albozahid, “The Effecting of Physical Properties of Inorganic
Fillers on Swelling Rate of Rubber Compound: A review Study”, Journal of University of Babylon
for Engineering Sciences, Vol.27, No.1, PP. 94-104, 2019.

[15] H. Fong, I. Chun, and D.H. Reneker, “Beaded nanofibers formed during electrospinning”, Polymer
40(16), 4585-4592, 1999.

[16] S. Habeeb , Z. Alobad , and M. Albozahid, ““ Effect of zinc oxide loading levels on the cure
characteristics mechanical and aging properties of the EPDM rubber” International journal of
mechanical engineering and technology,Vol.10, PP.133-141 ,2019.

[17] S.A. Habeeb, “Enhancing the Properties of Styrene-Butadiene Rubber by Adding Borax Particles of
Different Sizes”, Iranian Journal of Chemistry and Chemical Engineering, 2020, (IJCCE).doi:
10.30492/1JCCE.2020.40535

[18] M. Albozahid, S.A. Habeeb, N.A.l. Alhilo, and A. Saiani, “The impact of graphene nanofiller loading
on the morphology and rheology behaviour of highly rigid polyurethane copolymer”, Materials
Research Express 7(12), 125304, 2020. https://doi.org/10.1088/2053-1591/aba5ce

[19] S.A. Habeeb, N.A. Birtio, and H.J. Kadhim, “The Influence of Bio Natural Dye on the Optical
Properties of Liquid Polyvinyl Alcohol”. In Advanced Aspects of Engineering Research, Vol. 15,
PP.41-47, 2021.

[20] S.A. Habeeb, A.A. Diwan, and M.Z. Albozahid, “ A Compressive Review on Swelling Parameters
and Physical Properties of Natural Rubber Nano compaosites”, Egyptian Journal of Chemistry,Vol. 64,
No. 10, pp.3-4, 2021.

[21] M. Albozahid, A.A. Diwan, and S.A. Habeeb, “The Effect of Addition Graphite Filler on Mechanical
Properties of Epoxy Material”, Egyptian Journal of Chemistry, VVol. 64, No.10, PP. 3-4, 2021.

[22] C. Kuchi, G.S. Harish, and P.S. Reddy, “Effect of polymer concentration, needle diameter and
annealing temperature on TiO2-PVP composite nanofibers synthesized by electrospinning technique”,
Ceramics International, Vol. 44, No.5, PP. 5266-5272, 2018.

[23] B.K. Tarus, J.I. Mwasiagi, N. Fadel, A. Al-Oufy, and M. Elmessiry, “ Electrospun cellulose acetate
and poly (vinyl chloride) nanofiber mats containing silver nanoparticles for antifungi packaging”, SN
Applied Sciences,Vol. 1,No. 3,PP. 1-12, 2019 .

[24]J.V. Patil, S.S. Mali, A.S. Kamble, C.K. Hong, J.H. Kim, and P.S. Patil, “Electrospinning: A versatile
technique for making of 1D growth of nanostructured nanofibers and its applications: An experimental
approach”, Applied Surface Science, VVol. 423, PP. 641-674,2017.

[25] O. Saligheh, M. Forouharshad, R. Arasteh, R. Eslami-Farsani, R. Khajavi, and B.Y. Roudbari, “ The
effect of multi-walled carbon nanotubes on morphology, crystallinity and mechanical properties of
PBT/MWCNT composite nanofibers”, Journal of Polymer Research ,Vol. 20,No. 2, PP. 1-6, 2013.

[26] S.K.Nataraj, B.H. Kim, J.H. Yun, D.H. Lee, T.M. Aminabhavi, and K.S. Yang, “ Effect of added
nickel nitrate on the physical, thermal and morphological characteristics of polyacrylonitrile-based
carbon nanofibers”, Materials Science and Engineering: B,Vol. 162 No. 2, PP.75-81, 2019 .

Journal of University of Babylon for Engineering Sciences by University of Babylon is licensed under a Creative
Commons Attribution 4.0 International License.

118

ISSN: 2616 - 9916

www.journalofbabylon.com

info@journalofbabylon.com | Journal.eng@uobabylon.edu.iq


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
mailto:info@journalofbabylon.com
mailto:Journal.eng@uobabylon.edu.iq
mailto:Journal.eng@uobabylon.edu.iq
https://www.journalofbabylon.com/index.php/JUB/issue/archive
https://www.journalofbabylon.com/index.php/JUB/issue/archive
https://doi.org/10.1088/2053-1591/aba5ce

JOURNAL OF UNIVERSITY OF BABYLON
ARTIMIE Vol.29, No.2.| 2021

For ENGINEERING SCIENCES (JUBES)

A i | Ll i

=Y

—ry e

L N Ll L 4

=Y

a4

=Ty par b

[27] S. Chuangchote, T. Sagawa, and S. Yoshikawa, “Electrospinning of poly (vinyl pyrrolidone): Effects
of solvents on electrospinnability for the fabrication of poly (p-phenylene vinylene) and
TiO2nanofibers”. Journal of Applied Polymer Science, Vol. 114, No. 5, PP. 2777-2791, 20009.

[28] S. Choi, H.M. Lee, and H.S. Kim, “Effect of molecular weight on humidity-sensitive characteristics
of electrospun polyethylene oxide”, Sensors and Actuators A: Physical, Vol. 294, PP. 194-202, 2019.

Journal of University of Babylon for Engineering Sciences by University of Babylon is licensed under a Creative
Commons Attribution 4.0 International License.

119

ISSN: 2616 - 9916

www.journalofbabylon.com

info@journalofbabylon.com | Journal.eng@uobabylon.edu.iq


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
mailto:info@journalofbabylon.com
mailto:Journal.eng@uobabylon.edu.iq
mailto:Journal.eng@uobabylon.edu.iq
https://www.journalofbabylon.com/index.php/JUB/issue/archive
https://www.journalofbabylon.com/index.php/JUB/issue/archive

JOURNAL OF UNIVERSITY OF BABYLON
ARTICIE Vol.29, No.2.| 2021

For ENGINEERING SCIENCES (JUBES)

A i | Ll i

=Y

—ry e

T T ey

=Y

.'n

=Ty par b

4 pal) 4 gl LIS A 68 6 ) sal) ailadd) o 4 pad gal) Jullaall cilalea il
Y Bl 2o a8 (3 e Vs ke wlla

Gl ¢ sl co )+ + )esalihabbas014@gmail.com  «chl deals e palf Luuria 4481

Gladl ¢ sl co)+ + ) « mushreg.al iedan.math60@student.uobabylon.edu.ige bl 4bdlss /g0 "
drsaleh.abbas@uobabylon.edu.iq : bléel) <ilzall g 5<IY/ 2 pull
https://orcid.org/0000-0003-4687-1744

-

tdudAl)

Jslae paibad e Gyl el gl LS 3o Jlae 8 Aand) lag) Jelei coda 5 jraad) daal jall Allis
paibadll o Joladll abaudl jiglly Jolaall (8 4y padsll ol 35S 53 sl ooslls da sl Jie el
35Sl 5 AN aaag aae s Ayl LYY Ul Jie AL e AN A Leain ) Ay sl LI A g ) al)
Oo g sl GLIYY U e 33 el gl 385 of da g3 o) Y] aaes cadl L ) Gl A0S mlan e
iz Dkl S ) iy s e e e AN LIV Jlie Jisad ) ALYl A gl LA aas g sae
g i) GLIS A ) jall 5 3 sl Gailiadll i jas ) g ol 4T BV din g 0sS e e JS sl 1a
DAY aaa g2 e palaall A el ol Jlladll Y =3l Jie G il cilasaal) A3 (55 AT Gials s el
oailiadll el o Gl clawall sda Jaxd Aiaidie @3S 5 aadiul dagm Al Gl As 8
il 33y Y 535 Lea ¢yl LYY ASWEN &l pally A sll) pailadd) Gaad Y ALYl s glsh el
co) gall Jii g duelicall sball dalles Jie dgadall g duigl
AN G sSa g gl LIl A ol Calapead) (S pall Ay 1 GLINT cJad) cilalas sAd)al) culalst)

Journal of University of Babylon for Engineering Sciences by University of Babylon is licensed under a Creative
Commons Attribution 4.0 International License.

120

ISSN: 2616 - 9916

www.journalofbabylon.com

info@journalofbabylon.com | Journal.eng@uobabylon.edu.iq


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
mailto:info@journalofbabylon.com
mailto:Journal.eng@uobabylon.edu.iq
mailto:Journal.eng@uobabylon.edu.iq
https://www.journalofbabylon.com/index.php/JUB/issue/archive
https://www.journalofbabylon.com/index.php/JUB/issue/archive
mailto:salihabbas014@gmail.com
mailto:salihabbas014@gmail.com
mailto:mushreq.al_iedan.math60@student.uobabylon.edu.iq
mailto:mushreq.al_iedan.math60@student.uobabylon.edu.iq
mailto:drsaleh.abbas@uobabylon.edu.iq
https://orcid.org/0000-0003-4687-1744

