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Abstract: 
The non-woven materials industry is one of the fastest-growing industries in 

the world with the ability to produce materials in less time, specifications, and 
better prices. nonwoven materials are defined as a web of guided or random fibers 
that are bonded by friction, interlacement or adhesion. In this research, the rotary 
electrospinning system was used and a prototype was made to study the process 
and the complete visualization in terms of the correlation of the electrostatic 
forces to the formation of nanofibers  by preparing polymeric solutions and 
exposing them to the electric field between the positive electrode (the serrated 
cylinder) and the Grounded electrode (plate) and produced high-precision fibers 
with a diameter (185nm) at 25 kV, whereas the installation of polyvinyl alcohol 
(PVA) was with different concentrations and the formed fibers possessed an 
effective surface and deposited on a collector electrode forming nonwoven webs 
and high productivity is the most important feature of this system compared with 
the traditional electrospinning system. 
Keywords: Nanospider, Rotary Electrospinning, Non-Woven, Nanofibers. 

 تشكيل ش بكات لا منسوجة بتأ ثير الحقل الكهربائي الساكن

 , د. محمد تركاوي م. احمد قناه

 الخلاصة: 

تعتبر صناعة المواد غير المنسوجة واحدة من أ سرع الصناعات نموا في العالم حيث تتميز بالقدرة على انتاج مواد ذات مواصفات 

تترابط  بواسطة   ,خاصة بوقت أ قل وبأ سعار أ فضل وتعرف المواد غير المنسوجة على أ نها ش بكة من ال لياف الموجهة أ و العشوائية

تم العمل باس تخدام مبدأ  الغزل الكهربائي الدوار حيث تم تصنيع نموذج  في هذا البحثلتصاق . الاحتكاك أ و التشابك أ و الا

عملية والتصور الكامل من حيث ارتباط قوة الكهرباء الساكنة بتشكيل الياف متناهية الصغر من رتبة )ميكرو / نانو( ال لدراسة  

)صفيحة( والقطب ال رضي    )ال سطوانة المسننة(  ما بين القطب الموجبيرية وتعريضها للمجال الكهربائي  يموذلك بتحضير محاليل بول 

فينيل الكحول  تركيب بوليمير بولي حيث تمكيلوفولط  25عند توتر كهربائي  (nm185 ونتجت أ لياف عالية الدقة بقطر )

(PVAبتراكيز مختلفة )  مع مشكلة الش بكات المجتترسب هذه الالياف على  ل   كبير جداسطح فعال    تمتلك  وكانت ال لياف المتشكلة

 . بالمقارنة مع النظام التقليدي للغزل الكهربائي وتعد الانتاجية المرتفعة أ هم ميزات هذا النظام,  اللامنسوجة
 

1. Introduction 
Non-woven fabrics are used today in all areas of 

the life, where they are used in the industrial field, such 
as filters, cable’s’ insulators, CFRP, packaging, and also 
home furniture, such as fillings, walls’ covers, curtains 
and floors, as well as, transportation, seeds’ covering 
and herb protection. One of the most important 
reasons for its rapid development is it can be used in 
the Medical field as, vascular grafting, tissue 
engineering, and orthopedic surgery.  

The process starts from the polymer solution 
which is stable as droplets at the top of the spinning 
cylinder, after a certain threshold the electric field 
overcomes the surface tension forces, that the droplets 
go under a quick elongation mechanism in the region 
between the head and spinning complex, so that how 
the fiber is been allowed to be formed to become long 
and very thin. On the way to the compound, the 
solvent evaporates from the polymer solution and 

Solid fibers are placed on the compound at high 

speeds (𝟒𝟗 𝒎𝒔−𝟏  or more) to form the non-woven 
networks as shown in Figure (1).  

 
1-1 Effective Factors On Electrospinning: 

1-1-1 Factors related to the solution:  
Concentration: 

The concentration of the polymeric solution plays 
an important role in the formation of fibers using the 
electrospinning method. Four bottom-up 
concentrations can be observed: 

• When the concentration is too low, we will get 
nanoparticles within the polymer solution, then 
an electrical atomization occurs instead of the 
electrospinning due to low viscosity and high 
surface tension of the solution [2]. 

• When the concentration is slightly higher, we will 
get a mixture of spray and fiber [3,4,5]. 
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• When the concentration is appropriate, we will get 
good nanofibers [3,4,5]. 

• If the concentration is too high, no nanofibers will 
be formed and we will get spiral-shaped 
microfibers [6]. 

Usually, the concentration of the solution used in 
the electrospinning is low so that the electrostatic force 
can pull the fibers toward the collector, but it shouldn’t 
decrease and the value of this concentration doesn't 
rise above a certain limit. 

Molecular Weight: 
At a given concentration molecular weight reduction 
leads to the formation of nodes instead of fibers, and 
the increased molecular weight leads to an increased 
fiber formation [7,8,9]. the electrospinning of 
polymers that have a high molecular weight is easier 
because the high molecular weight facilitates the 
process of controlling viscosity, but this doesn't mean 
that the high molecular weight of the polymer is a 
necessary condition for the possibility of spinning it 
electrically, but the basic condition is that the value of 
the molecular weight be sufficient to achieve a 
correlation between the molecule chains Polymeric.  

Viscosity of solution: 
The viscosity of the solution can be adjusted by 

controlling its concentration where it should be noted 
that the viscosity, concentration of the solution, and 
molecular weight are related factors [8]. 
experimentally, it was found that nanofibers are 
obtained at low viscosity values, but this is associated 
with superficial defects, which are beads, and at high 
viscosity, fibers are obtained with high diameters. 
 

1-2 Technical factors: 
Applicable voltage: 
Electrospinning is the only technique that uses 

electrostatic force to produce nanofibers from 
solutions or molten polymers of microbial or 
nanoscale diameters and with a very high effective 
surface. 

The Taylor cone is formed only at a threshold 
value of the voltage (critical voltage). Studies have 
shown that high electric fields affect the formation of 
fibers with larger diameters when fixing the distance 
[10]. 
When applying the critical voltage, the electrostatic 
force (force columbic) pulls the polymeric jets and the 
polymeric thread forms(filament), and as a result of the 
traction force, it moves very quickly towards the 
collector, causing elongation and a large decrease in its 
diameter, then it turns into nanofibers or  micro-fibers 
that are placed on the surface of the collector after To 
losing its charge from the metal head of the electrode. 

 
1-3  Surroundings Factors: 

Both temperature and humidity affect the 
morphological and physical characteristics of 
nanofibers, where temperature increase leads to the 
formation of fibers with a smaller diameter, on the 
other hand, low humidity causes an increase of the 
speed of the evaporation of the solvent and leads to 
dry it completely. On the contrary high humidity leads 
to the formation of fibers with larger diameters 
because the charges on the fiber can be modified, and 

the tensile strength applied to the fiber becomes 
smaller [11-12]. 

 

2. The objective of the research: 
The research aims to produce high-precision webs 

of polymers dissolved in water, acids, or solvents, as 
well as work to improve their structure and 
morphology by using a device that using a rotary 
electrospinning technique (needleless), also, to use 

them in the industrial field. 
 

3.  Experimental 
3-1 Materials 

The dimensions of the device is 50  × 30  × 30 cm 

 
Figure 1: Diagram of the designed device 

 
The device shown in Figure (1) consists of an 

outer box containing a spinning cylinder inside a Tank 
made of Plexiglass (insulating material) in addition to 
high voltage (HV), motor, motor bed, and collector 
which is a metal plate that collects nanofibers [13] The 
collector consists of different materials (chrome, 
stainless steel). 

The device has many advantages: 
- The designed device has several spinning 

heads, each of which operates on its own. 
- The designer device has several Forms for the 

collector and different materials and sizes 
- Reducing the electrostatic force needed to start 

producing nanofibers. 
- The transition from a low productivity of the 

traditional electrospinning system to very high 
productivity 

- Eliminate the problem of clogging of the 
extruder in the traditional electrospinning 

 

 
Figure 2: Work principle of the designed device 

 
The device works according to the rotary 

electrospinning system, as shown in Figure 2. It starts 
when the serrated cylinder is exposed to the positive 
electrical voltage and thus the drops placed on the 
heads "which are transferred from the bottom surface 
of the cylinder inside the tank to the upper surface" 
begin to gain positive charges and after a certain charge 
time it collapses The strength of the surface tension of 
these droplets, and thus the Taylor cone begins to 
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formation, Figure (3) to form nanofibers, which in 
turn deposited on the collector forming nanoscale 
webs. 

 
Figure 3: Taylor cone 

 

3-2 Measurements 
In this paper, polyvinyl alcohol polymer was 

Prepared in concentrations (6% - 12%). Figure (4). 
 
Experiment 1: 

The polymeric solution was used at a 
concentration of (12%) where the liquid was inside the 
tank in the device shown in Figure (1) and the collector 
was placed at a distance of (8 cm) from the spinning 
drum. A stainless-steel plate was used to collect the 
fibers, and a voltage up to (40 kV) was applied by using 
the high voltage transformer which is located in the 
high voltage laboratory at Damascus University - 
Faculty of Mechanical and Electrical Engineering - 
Electrical Power Department. Table (1) shows the 
parameters of the experiment. The results indicate that 
the fibers were not formed due to the high viscosity of 
the liquid where the static electricity of the field was 
unable to overcome the surface tension of the liquid. 

 
Figure 4: Preparation of polymeric solution 

Table 1: Process parameters of the roller 
electrospinning. 

 

E
xp

er
im

en
t 

C
o

n
ce

n
tr

at
io

n
 

%
 

D
is

ta
n

ce
 (

cm
) 

V
o

lt
ag

e 
(K

V
) 

el
ec

tr
ic

 

cu
rr

en
t 

(m
A

) 

R
o

lle
r 

sp
ee

d
 

(r
p

m
) 

1 12 % PVA 8 20-40 AC 3 

2 6% PVA 8 20 AC 1.25 

3 6 % PVA 8 25 AC 1.25 

4 6 % PVA 8 30 Ac 1.25 
 

 
 
 
Experiment 2: 

The polymeric solution was used at a 
concentration of (6%) and the stainless- steel plate was 
used as a collector. 

The results showed that the fibers were not 
observed with the naked eye, which lead to form a 
nonwoven web’s that settled on the collector where 
the sample was imaged using a scanning electronic 
microscope (SEM) located within the Atomic Energy 
Commission and the average fibers diameters were 
(202nm)  as shown in Figure (5). 

 
Figure 5: The SEM images of 6 % PVA nonwoven 

nanofibers 
 
Experiment 3: 

The polymeric solution was used at a 
concentration of (6%) and the chrome plate was used 
as a collector. The results showed that the fibers were 
settled on the collector where the Chrome metal 
formed the fibers faster than the stainless steel and the 
average diameters (185 nm) as shown in Figure (6). 

 
Figure 6: The SEM images of 6 % PVA nonwoven 

nanofibers (25 KV). 
 
Experiment 4: 

The parameters of experiment 3 were used 
similarly in this experiment with an increase in voltage. 
the results showed high-precision fibers stabilized on 
the collector more regularly with average diameters 
(193 nm) as shown in Figure (7). 
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Figure 7: SEM images of the PVA nanofibers 

electrospun by cylinder nozzles. 

 
4- Conclusions: 

The nanofibers were spun using a polyvinyl alcohol 
polymer, and the need for precision in preparation is 
praised which is highly reflects on the diameter of the 
fibers and their spin ability.  Adjusting the 
concentration, polymerization, viscosity, and density 
have a great role in overcoming the surface tension 
strength and thus starting the production process. on 
the other hand, the surface tension is of greater value 
when the liquid layer is coherent, and therefore we 
need high values of electrostatic force (50-80KV)  to 
produce fibers, and from here it has been working to 
reduce electric field to reach (20 -35KV) by finding A 
solution that overcomes the strength of the surface 
tension of the fluid level by designing a serrated 
cylinder and thus converting the surface of the liquid 
into drops located on the heads of the serrated cylinder 
and thus not requiring a high voltage to break the 
strength of the surface tension of the polymeric fluid 
layer. 

In comparison with the traditional electrospinning 
system (needle - cylinder) which is about (0.1 g/h), the 
productivity of the manufactured device (cylinder - 
plate) was about (1.25 g / h) for the same parameters. 

It is noted from experiments that the increase in 
the strength of electrical tension leads to improved 
fiber morphology and increase density. 

When the viscosity is high, the fibers will not be 
formed and therefore the non-woven webs will not be 
formed also as in experiment (1). 

When the viscosity is appropriate, non-woven 
webs will be formed at a suitable voltage (20 kV) where 
the average diameters of the nanofibers (202 nm) as in 
experiment (2). 

The fibers began to form when the voltage of 20kv, 
and reached the best uniformity at the voltage of 30kv 
as in experiment (4) where the average diameters of the 
nanofibers (193 nm). 

Finally, it was experimentally found that whenever 
the collector's volume is relatively greeter is better for 
the fibers' formation speed. 
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