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Abstract Review Article

Nanofibers are of great importance and are characterized by properties including high surface area as well as good porosity. They
are biodegradable in the human body and transport drugs to the farthest parts of the body. These materials are considered new and
produced with high-precision technology. Nanofibers are produced from industrial and natural polymers and can be introduced
into many fields. Industrial polymers include nylon, acrylic, polycarbonate, polysulfonate, fluoropolymers, and natural chitosan
and others that are produced from plant extracts. There are three important techniques in the formation of nanofibers:

electrospinning, assembly, and separation. Electrospinning is the most widely used method at this time.
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1. INTRODUCTION

The importance of electrospinning increased at the end of
the twentieth century among scientists and in industries as
well, and this is considered a scientific, vital and commercial
achievement and project [1,2]. Various nanotechnologies have
been mentioned in the literature, including self-assembly,
phase separation, and electrospinning [3, 4]. The use of
electrospinning has become much preferred over the casting
method and the phase separation process because nanofibers
have a large surface area to volume ratio as well as porosity,
so this technique is preferred for use [5]. This technology has
an advantage over other technologies in all fields. An example

of this is that nanofibers have an effective role in biological
tissues and their materials [6, 7]. It is known that fibers work
to enhance interactions between the cell and the scaffold.
Nanofibers are also used to transport drugs to the sites they are
intended to target [8]. Nanofibers are used in environmental
protection [9,10]. Some researchers reported that they are used
as sensors, for example the compound nitro(2,4-dinitrotoluene
-DNT) [11]. Nanofibers can be used to form nanotubes [12].
Tubes are prepared by coating electrospun nanofibers with
nanotube raw materials and then evaporating the solvent
[13,14]. This review includes a general theoretical statement
on electrospinning topics.
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Fig.1. Diagram showing the electrospinning apparatus [5].

2. ELECTROSPINNING PARAMETERS AND electric field increases, it turns the drop into a conical shape.
THEIR EEEECT After that, we obtain extremely small nanofibers from the
polymer drop, which is called a Taylor cone [16].

Through previous and expanded studies on

electrospinning [15]. from Fig.1a, we can count four basic 2.1. Voltage of the Effect

technologies: the high-voltage source, the syringe in which the .

polymer solvent, the needle, and the collector are present. The The voltage applied to the metal needle causes the
electrospinning mechanism occurs as a result of the transfer of droplet to deform and turns it into a conical shape. After that,
an electric charge. Or charges to the solvent through the nanoflber_s are formed at.the critical voltage (Figure 2a-c) [17].
needle. This causes instability of the solvent inside the The applied voltage varies from one polymer to another, and
syringe, resulting in the charges being pushed onto the solvent the formation of nanofibers increases the diameter of the
drop. This surface tension force produces mutual repulsion nanofiber with increasing high voltages [18]. Also, the beads
between the charges, and finally the dissolved polymer flows in the_ nanofl_ber increase with increasing voltages, and also
in the direction of the electric field, as in Fig.lb. As the with increasing voltages, the Taylor cone decreases [19].

(d) (e)
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Fig.2. (a—c) shows the formation of polyvinyl droplets under increasing voltages. Figure (d-f) shows the effect of electrical
charge on a drop of polymer solution[20].
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2.2. Effect Flow Rate

We conclude that some previous studies have
clarified the relationship between fiber size and flow rate. It
was found that the smaller the flow, the smaller the diameter
of the fiber [21]. On the contrary, the greater the flow, the
greater the swelling of the nanofiber [22,23].

2.3. Effect of the Distance between the Collector
and the Needle

Nanofibers formed by electrospinning, the distance
between the collector and the needle plays a major role in this
formation. In addition to the flow rate and high voltages, the
distance is not constant and varies from one polymer solution
to another. The formation of the nanofiber is definitely
affected by the distance [24]. Any change in distance affects
the morphology of the nanofiber [25]. Scientific research has
concluded that the greater the distance between the needle and
the collector, the larger diameters we obtain, in contrast to that
at large distances [26]. There are cases that the nanofibers do
not change in the distance between the collector and the
needle [27].
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2.4. Effect of Viscosity and Concentration of the
Polymeric Solution

Electrospinning depends on this basic feature, which
is viscosity, and it increases with increasing concentration of
the polymer solution. When the concentration is low, we get
surface tension, but not at the desired level, and we get
interwoven mats of polymer, but they contain beads [28]. An
increase in the concentration of the polymeric solution leads to
an increase in viscosity and overcoming surface tension, and
we obtain nanofibers without beads [29].

3. Characteristics of Nanofibers

Nanofibers are characterized by properties such as
surface-to-weight ratio, high surface area, high porosity, and
low density. These properties favor nanofibers [30].Fig. 3
shows a comparison between the size of a human hair and a
nanofiber, which is 50-150 micrometers, and Fig.4 shows a
comparison between a nanofiber and the size of a pollen grain.
Flexibility is achieved.The modulus of a polymeric nanofiber
less than 350 nmm is 10 * 0.2 Gpa

4. MECHANICAL CHARACTERISTICS

A high porosity surface shape, high tensile strength,
modulus of elasticity, and Young's modulus are characteristics
of the nanofiber produced by electrospinning. Research has
shown that thermoplastics produced by electrospinning

maintain their Young's coefficients unchanged. At the highest
applied stress, the elongation reduces by 60% and the tensile
strength decreases by 40% when compared to materials
manufactured by electrospinning and those utilising the
casting process. When compared to polymeric materials
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including glass or carbon, compaosites incorporating nanofibers
were shown to have good mechanical characteristics[32].

5. NANOFIBERS FABRICATION
5.1. First Principle

Through nanofibers, the method of drug delivery
depends on increasing the surface areas to dissolve the drugs.
The polymeric nanofiber has other properties, unlike what it
is, only the packaging of medicines, including to improve
treatment and the safety of the medicine when it reaches the
desired place. In addition, we choose polymers that are in the
form of compounds, delivery and delivery in the specified
place [33]. The nanofiber has the ability to deliver and release
active materials. Biology. It has been proven that the process
of forming nanofibers depends on three basic techniques:
electrospinning, phase separation and self-assembly [34,35].

5.2. Self-Assembling

It produces non-small particles that are graduated to
the nanoscale and may even be nanofibers, whether manmade
or natural [36]. Self-assembly is defined by non-covalent
bonding with a stable structure and regular shapes, which
means that the structures and forms that arise naturally and
without human assistance are derived from both technology
and nature [37].

5.3. Separation of Phases

Phase difference technology is widely used in
nanoscale scaffolds. It is possible that phase separation works

to separate polymeric solutions into the formation of solvent-
rich domains and polymer-rich domains. The morphology can
be corrected through cooling. In this case, the solvent
volatilizes, and during drying we obtain fibers with good
porosity. Separation occurs as a result of a change in
temperature or the addition of soluble substances to the
polymers. It is called heat-induced and non-solvent-induced
[38]. The fibers or scaffolds that we obtain by phase
separation are in a spongy shape or have high porosity, unlike
what is the case in self-starvation. The phase separation
technique is simple and does not require specialized technical
equipment. It is easy to form and maintain consistency. We
also point out that this technique is limited to specific types of
Polymers [39].

6. ELECTROSPUN NANOFIBER
APPLICATION

Nanomaterials vary among themselves, either in the
form of a tube, a rod, or a wire, which are included in wide
areas of technology [40]. Nanofibers manufactured by
electrospinning are used in a wide range of fields, the most
important of which is in the field of medicine (Table 1). They
are also used in the field of optics, electronics, and sensing.
They are also used in the treatment of damaged and ulcerated
skin, cartilage, and bones. Therefore, nanofibers are an
essential element in wound dressing and power delivery. To
the farthest point in the body [41]. Nanofibers are
characterized by many features, the most important of which
is high porosity, which indicates cell adhesion and biological
response [42]. Nanofibers have been widely studied and can
be used as filters for pollutants. An example of this is the
coffee  filter that we use in our daily lives.

Table.1. Electrospun nanofibers made of natural biopolymers [7]

Materials Solvent

Cellulose acetate Acetone/DMACc [43]
Chitin HFIP/PBS [44]
Silk fibroin Formic acid [45]
Gelatin TFE/HFIP [46]
Collagen HFIP [47]
Wheat protein HFIP [48]
Chitosan TFA [45]
Hyaluronic acid DMF/water [49]

Fibrinogen DMF/water [7]
Elastin Water [50]
Soy protein HFIP [51]
Whey protein Acidic aqueous solution [52]

6.1. Engineering of tissues

Nanofibers are characterized by their ability to
decompose in the human body, unlike traditional fibres.
Nanofibers have the ability to provide the necessary

environment for cell cultivation, so the interest in
electrospinning in tissue engineering has increased [53].
Studies are increasing in the field of tissue engineering in the
use of electrospinning technology. Nanofibers did not show
the interaction occurring between one cell and another, but
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rather a cell was used with another matrix [54]. Electrospun
nanofibers have good cell growth [55]. Studies and researchers
have focused on natural materials, including (chitosan,
alginate, collagen, silk protein, hyaluronic acid, alginate), and
there are other materials in which these materials or polymers
are distinguished by their biocompatibility [56]. Synthetic
polymers have been used and mixed with nature to obtain
tissues with high durability, including cartilage tissue [57].
Bone tissue [58]. One of the industrial polymers that has
special properties and will be used for tissue regeneration,
high biodegradability, and biocompatibility is (glycolic acid
and lactic acid) (PLGA).

6.2. Dressing for wounds

To control and heal wounds, nanofibers have a major
role in wound healing, to protect wounds and remove damage

(a) Blending

and secretions. In this case, excellent dressings must be
provided for the purpose of controlling the wound, and to
promote healing, a suitable moist environment must be
created, inhibiting microbes and dealing with them. An
example of this is resistant bacteria [59]. Through
electrospinning, a wound dressing is prepared that has
properties comparable to that of a traditional dressing [60].
Nanofibers are characterized by high porosity and surface
area, and the electrospinning process can be used in the
manufacture of cosmetic masks . It is possible to integrate and
treat skin by adding treatment to nanofibers [61]. Nanofiber
has the ability to inhibit and treat, so it has been used as a skin
mask. Fig.5 shows the preparation of materials used as a
dressing for wounds and  antimicrobial  agents.
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Fig.5. Several techniques for making an appropriate wound dressing [60]

6.3. Delivery of drugs

One of the important applications that nanofibers
work on is drug delivery, as the fibers have large surface
areas, so the drug dissolves more as the surface area
increases[62]. There are many drugs that have been loaded
onto nanofibers, antibiotics, proteins, ant-carcinogens, and
many others. Because nanofibers are a good conductive
medium and reach the farthest places in the body [63]. The
nanofibers manufactured by electrospinning are in the form of
a carrier or nanocarrier that carries the drug [64]. One of the
advantages of electrospinning is that it reduces the toxicity of
the substance and enhances the effectiveness of the treatment.
There are many researchers who are interested in this

technique for nanofibers, loading the drug onto it and
delivering it [65].

7. CONCLUSION

The characteristics applied to nanofibers, such as
molecular weight, voltage, viscosity, and the separation
between the solvent, needle, and collector, all have an impact
on them. The process of electrospinning is straightforward,
affordable, and manageable. The most significant use of
nanofibers is in drug administration, but they can also be used
in tissue engineering, wound healing, sensing, filtration, and
wound healing. From the various ways that nanofibers are
used in medicine, as well as in cell adhesion and
transplantation, we can draw conclusions.

Copyright © 2025 The Author(s). This is an open-access article distributed under the terms of the Creative Commons 20

Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0).




REFERENCES

[1] Powell, Heather M., Dorothy M. Supp, and Steven T.
Boyce. "Influence of electrospun collagen on wound
contraction of engineered skin
substitutes.” Biomaterials 29.7 (2008): 834-843.

[2] Ma, Zuwei, et al. "Grafting of gelatin on electrospun poly
(caprolactone) nanofibers to improve endothelial cell
spreading and proliferation and to control cell
orientation.” Tissue engineering 11.7-8 (2005): 1149-
1158.

[3] Lim, Sang Kyoo, et al. "Photocatalytic deposition of silver
nanoparticles  onto  organic/inorganic  composite
nanofibers." Macromolecular Materials and
Engineering 291.10 (2006): 1265-1270.

[4] Li, Cong-Ju, et al. "PA6@ FexQy nanofibrous membrane
preparation and its strong Cr  (VI)-removal
performance.” Chemical engineering journal 220 (2013):
294-301.

[5] Rho, Kyong Su, et al. "Electrospinning of collagen
nanofibers: effects on the behavior of normal human
keratinocytes and early-stage wound
healing." Biomaterials 27.8 (2006): 1452-1461.

[6] Haider, Adnan, Kailash Chandra Gupta, and Inn-Kyu
Kang. "PLGA/nHA hybrid nanofiber scaffold as a
nanocargo carrier of insulin for accelerating bone tissue
regeneration.” Nanoscale research letters 9 (2014): 1-12.

[7] Haider, Sajjad, et al. "Adsorption kinetic and isotherm of
methylene blue, safranin T and rhodamine B onto
electrospun  ethylenediamine-grafted-polyacrylonitrile
nanofibers  membrane.” Desalination and  Water
Treatment 55.6 (2015): 1609-1619.

[8] Wei, Guobao, and Peter X. Ma. "Nanostructured
biomaterials for regeneration." Advanced functional
materials 18.22 (2008): 3568-3582.

[9] Subramanian, Sundarrajan, and Ramakrishna Seeram.
"New directions in nanofiltration applications—are
nanofibers the right materials as membranes in
desalination?." Desalination 308 (2013): 198-208.

[10] Sohrabi, Amirreza, et al. "Sustained drug release and
antibacterial activity of ampicillin incorporated poly
(methyl methacrylate)-nylon6 core/shell
nanofibers." Polymer 54.11 (2013): 2699-2705.

[11] Schulte, Jurgen, ed. Nanotechnology: global strategies,
industry trends and applications. John Wiley & Sons,
2005.

[12] Gough, Christopher R., et al. "Protein and
polysaccharide-based fiber materials generated from
ionic liquids: A review." Molecules 25.15 (2020): 3362.

[13] Chew, Sing Yian, et al. "Sustained release of proteins
from electrospun biodegradable
fibers." Biomacromolecules 6.4 (2005): 2017-2024.

[15] Pillay, Anusha, Kartik Sharma, and M. Monica
Subashini.  "Smart tool for integrated chips
selection." 2013 International Conference on

Informatics, Electronics and Vision (ICIEV). IEEE,
2013.

[16] Bae, Hyun-Su, et al. "Fabrication of highly porous
PMMA electrospun fibers and their application in the
removal of phenol and iodine." Journal of Polymer
Research 20 (2013): 1-7.

[17] Laudenslager, Michael J., and Wolfgang M. Sigmund.
"Electrospinning.” Encyclopedia of
nanotechnology (2012): 769-775.

[18] Sill, Travis J., and Horst A. Von Recum.
"Electrospinning: applications in drug delivery and
tissue engineering." Biomaterials 29.13 (2008): 1989-
2006.

[19] Deitzel, Joseph M., et al. "The effect of processing
variables on the morphology of electrospun nanofibers
and textiles." Polymer 42.1 (2001): 261-272.

[20] Laudenslager, M. J. "sigmund, WM,
2012.“Electrospinning” Encyclopedia of
Nanotechnology." 769-775.

[21] Zong, X.H., Kim, K., Fang, D.F., Ran, S.F., Hsiao, B.S.,
and Chu, B. Structure and process relationship of
electrospun  bioabsorbable  nanofiber membranes.
Polymer 43, 4403, 2002

[22] Zuo, W.W., Zhu, M.F., Yang, W., Yu, H., Chen, Y.M.,
and Zhang, Y. Experimental study on relationship
between jet instability and formation of beaded fibers
during electrospinning. Polym. Eng. Sci. 4

[23] Wannatong, L., Sirivat, A., and Supaphol, P. Effects of
solvents on electrospun polymeric fibers: preliminary
study on polystyrene. Polym. Int. 53, 1851, 2004.

[24] Matabola, K. P., and R. M. Moutloali. "The influence of
electrospinning parameters on the morphology and
diameter of poly (vinyledene fluoride) nanofibers-effect
of sodium chloride." Journal of Materials Science 48
(2013): 5475-5482.

[25] Bhardwaj, Nandana, and Subhas C. Kundu.
"Electrospinning: A fascinating fiber fabrication
technique.” Biotechnology advances 28.3 (2010): 325-
347.

[26] Baumgarten, Peter K. "Electrostatic spinning of acrylic
microfibers.” Journal  of colloid and interface
science 36.1 (1971): 71-79.

[27] Zhang, Chunxue, et al. "Study on morphology of
electrospun poly (vinyl alcohol) mats." European
polymer journal 41.3 (2005): 423-432.

[28] Gupta, Kailash Chandra, et al. "Nanofibrous scaffolds in
biomedical applications." Biomaterials research 18.1
(2014): 5.

[29] Gerstenhaber, Jonathan A., et al. "Electrospun soy protein
scaffolds as wound dressings: Enhanced
reepithelialization in a porcine model of wound
healing." Wound Medicine 5 (2014): 9-15.

[30] Schreder-Gibson, H., and Phillip Gibson. "Use of
electrospun nanofiber for aerosol filtration in textile

Copyright © 2025 The Author(s). This is an open-access article distributed under the terms of the Creative Commons 21

Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0).




structures.” US Army Soldier Systems Cent AMSSB-RSS-
MS  (N) Natick, MA  http://www.  asc2004.
com/23rdASC/oral_summaries/L/LO-05. PDF (2004).

[31] Bunyan, Navin Noel. Control of deposition and
orientation of electrospun fibers. University of
Massachusetts Lowell, 2003.

[32] Jadhav, Rohit Balasaheb, Aasawaree Mane, and Rupali

Rajesh ~ Tasgaonkar.  "Nanofibers: ~ The  Novel
Technology."

[33] Jayaraman, Krishnan, et al. "Recent advances in polymer
nanofibers." Journal of Nanoscience and

Nanotechnology 4.1-2 (2004): 52-65.

[34] Smith, L. A., and P. X. Ma. "Nano-fibrous scaffolds for
tissue  engineering.”" Colloids and  surfaces B:
biointerfaces 39.3 (2004): 125-131.

[35] Wen, Xuejun, Donglu Shi, and Ning Zhang.
"Applications  of  nanotechnology  in  tissue
engineering.” Handbook of nanostructured biomaterials
and their applications in nanobiotechnology 1 (2005): 1-
23.

[36] Chiti, Fabrizio, et al. "Rationalization of the effects of
mutations on peptide andprotein aggregation rates."”
Nature 424.6950 (2003): 805-808.

[37] Whitesides, George M., and Bartosz Grzybowski. "Self-
assembly at all scales." Science 295.5564 (2002): 2418-
2421.

[38] Hua, Feng Jun, et al. "Macroporous poly (L-lactide)
scaffold 1. Preparation of a macroporous scaffold by
liquid—liquid phase separation of a PLLA-dioxane—
water system." Journal of Biomedical Materials
Research: An Official Journal of The Society for
Biomaterials, The Japanese Society for Biomaterials, and
The Australian Society for Biomaterials and the Korean
Society for Biomaterials 63.2 (2002): 161-167.

[39] Chen, Victor J., and Peter X. Ma. "Nano-fibrous poly (L-
lactic acid) scaffolds with interconnected spherical
macropores.” Biomaterials 25.11 (2004): 2065-2073.

[40] Laurencin, Cato T., et al. "Recent patents on electrospun
biomedical nanostructures: an overview." Recent Patents
on Biomedical Engineering (Discontinued) 1.1 (2008):
68-78.

[41] Metreveli, Giorgi, et al. "A size-exclusion nanocellulose
filter paper for virus removal." Adv. Healthc. Mater 3.10
(2014): 1546-1550.

[42] Tysseling-Mattiace, Vicki M., et al. "Self-assembling
nanofibers inhibit glial scar formation and promote axon
elongation after spinal cord injury." Journal of
Neuroscience 28.14 (2008): 3814-3823.

[43] Deng, Libo, et al. "Carbon nanofibres produced from
electrospun cellulose nanofibres." Carbon 58 (2013): 66-

75.
[44] Holzwarth, Jeremy M., and Peter X. Ma. "Biomimetic
nanofibrous scaffolds for bone tissue

engineering." Biomaterials 32.36 (2011): 9622-9629.

[45] Kahdim, Qasim Shakir, et al. "Fabrication of a
polycaprolactone/Chitosan nanofibrous scaffold loaded
with  nigella  sativa extract for  biomedical
applications.” BioTech 12.1 (2023): 19.

[46]Hang, Yichun, et al. "Preparation of regenerated silk
fibroin/silk sericin fibers by coaxial
electrospinning.” International journal of biological
macromolecules 51.5 (2012): 980-986.

[47] Rho, Kyong Su, et al. "Electrospinning of collagen
nanofibers: effects on the behavior of normal human
keratinocytes and early-stage wound
healing." Biomaterials 27.8 (2006): 1452-1461.

[48] Alfalluji, Ali L., Qasim Shakir Kadhim, and Jehan
Hamzah Hussein. "Polymeric Chitosan/Poly (Vinyl
Alcohol) Hybrid Doped with Zinc Oxide Nanoparticles
Synthesized and Characterized Using the Electrospun
Method." Journal of University of Babylon for Pure and
Applied Sciences (2023): 314-323.

[49] Ji, Yuan, et al. "Electrospun three-dimensional hyaluronic
acid nanofibrous scaffolds.” Biomaterials 27.20 (2006):
3782-3792.

[50] Huang, Zheng-Ming, et al. "Encapsulating drugs in
biodegradable ultrafine fibers through co-axial
electrospinning.” Journal of Biomedical Materials
Research Part A: An Official Journal of The Society for
Biomaterials, The Japanese Society for Biomaterials,
and The Australian Society for Biomaterials and the
Korean Society for Biomaterials 77.1 (2006): 169-179.

[51] Gerstenhaber, Jonathan A., et al. "Electrospun soy protein
scaffolds as wound dressings: Enhanced
reepithelialization in a porcine model of wound healing."
Wound Medicine 5 (2014): 9-15.

[52] Subramanian, Sundarrajan, and Ramakrishna Seeram.
"New directions in nanofiltration applications—are
nanofibers the right materials as membranes in
desalination?." Desalination 308 (2013): 198-208.

[53]. Sun, B., et al. "Advances in three-dimensional
nanofibrous macrostructures via
electrospinning.” Progress in Polymer Science 39.5
(2014): 862-890.

[54] Li, Chunmei, et al. "Electrospun silk-BMP-2 scaffolds for
bone tissue engineering.” Biomaterials 27.16 (2006):
3115-3124.

[55] Friess, Wolfgang. "Collagen—biomaterial for drug
delivery." European journal of pharmaceutics and
biopharmaceutics 45.2 (1998): 113-136.

[56] Almany, Liora, and Dror Seliktar. "Biosynthetic hydrogel
scaffolds made from fibrinogen and polyethylene glycol
for 3D cell cultures." Biomaterials 26.15 (2005): 2467-
2477.

[57] Rho, Kyong Su, et al. "Electrospinning of collagen
nanofibers: effects on the behavior of normal human
keratinocytes and early-stage wound healing."
Biomaterials 27.8 (2006): 1452-1461.

Copyright © 2025 The Author(s). This is an open-access article distributed under the terms of the Creative Commons 29

Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0).




[58] Chen, Jinglu, Benjamin Chu, and Benjamin S. Hsiao.

"Mineralization of hydroxyapatite in electrospun
nanofibrous poly (L-lactic acid) scaffolds." Journal of
Biomedical Materials Research Part A: An Official
Journal of The Society for Biomaterials, The Japanese
Society for Biomaterials, and The Australian Society for
Biomaterials and the Korean  Society for
Biomaterials 79.2 (2006): 307-317.

[59] Gallant-Behm, Corrie L., et al. "Comparison of in vitro

disc diffusion and time kill-kinetic assays for the
evaluation  of  antimicrobial wound  dressing
efficacy.” Wound repair and regeneration 13.4 (2005):
412-421.

[60] Gao, Yuan, et al. "Electrospun antibacterial nanofibers:

Production, activity, and in vivo applications." Journal
of Applied Polymer Science 131.18 (2014).

[61] Si, Yang, et al. "Electrospun nanofibers: solving global

[62]

© 08

issues.” Electrospun nanofibers for
environmental applications (2014): 3-38.

Kenawy, El-Refaie, et al. "Processing of polymer
nanofibers through electrospinning as drug delivery

energy and

[63]

[64]

systems.” Nanomaterials: Risks and Benefits. Springer
Netherlands, 2009.

Huang, Zheng-Ming, et al. "Encapsulating drugs in
biodegradable ultrafine fibers through co-axial
electrospinning.” Journal of Biomedical Materials
Research Part A: An Official Journal of The Society for
Biomaterials, The Japanese Society for Biomaterials,
and The Australian Society for Biomaterials and the
Korean Society for Biomaterials 77.1 (2006): 169-179.

Alfalluji, Ali L., Qasim Shakir Kadhim, and Jehan
Hamzah Hussein. "Polymeric Chitosan/Poly (Vinyl
Alcohol) Hybrid Doped with Zinc Oxide Nanoparticles
Synthesized and Characterized Using the Electrospun
Method." Journal of University of Babylon for Pure and
Applied Sciences (2023): 314-323.

[65] Alfalluji, Ali L., Qasim S. Kadhim, and Jehan Hamzah
Hussein. "Expulsion Methylene Blue MB Dye from Aqueous
Solution by Using Activated Camel Thorn." Journal of
University of Babylon for Pure and Applied Sciences (2023):
299-311.

Copyright © 2025 The Author(s). This is an open-access article distributed under the terms of the Creative Commons 23

Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0).




