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Abstract: Nanofibers possess properties that make them suitable for use in a variety of appli-
cations, including high specific surface area and biomimetic potential. This has led to numerous 
potential applications for electrospinning fibers. Precise control and prediction of nanofiber 
alignment and diameter are critical for these applications. Several variables affect fiber proper-
ties, including the collector’s speed and shape.

In this research, the conventional collector used in electrospinning technology was modified 
by using a polyamide collector in the form of a cone-shaped trunk, and the effect of changing 
the surface inclination angle on the properties of the resulting fibers was studied. The effect of 
the conical collector’s rotational speed on fiber morphology, in terms of diameter alignment and 
density, was also studied. 5 different rotational speeds were applied within the range of (0-6000) 
rpm, and three inclination angles of 10, 15, and 30 degrees were tested, with the remaining pro-
cess parameters held constant.

The results showed that increasing the inclination angle of the surface of the cone increases 
the diameter of the produced fibers and reduces their density. Regarding the orientation of the 
fibers, the study showed that high rotational speeds (4500 rpm and above) produced clear par-
allelism and alignment between the resulting nanofibers and those taken from the base side of 
the conical collector, with 82% alignment relative to the diameters of the formed fibers. On the 
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1. Introduction

The first patent for an electrospinning device was granted 
to Formahls in 1934.

In a typical electrospinning process, a droplet of 
polymer solution settles on the tip of the needle due 
to the surface tension of the solution (Reneker et  al., 
2000; Druesedow, 2008). To initiate electrospinning (Fig-
ure 1), a high voltage must be applied to the polymer 
solution, causing the solution surface to become highly 
charged. The suspended droplet then elongates and as-
sumes a conical shape known as a Taylor cone, due to 
the competition between surface tension and the mutu-
al electrostatic repulsion of the surface charges, which 
counteracts the surface tension (Li & Wang, 2013). When 
the electric field strength exceeds a threshold, the elec-
trostatic forces overcome surface tension (Rafiei et  al., 
2013), and a jet forms from the tip of the Taylor cone (Li 
& Xia, 2004). Disturbances in the jet occur as a result of 
electrostatic repulsion and interaction with the external 
electric field, which causes the unstable spiral coiling of 
the current to begin, which in turn leads to a decrease in 
the final diameter of the assembled fibers (Reneker et al., 
2000; Subbiah et al., 2005).

The variables affecting the electrospinning process, 
the shape of the final fiber, its diameter, and the presence 
or absence of knots and defects in the fiber were studied. 
It was found that the critical element in the electrospin-
ning process is the application of a high voltage to the 
polymer solution. In general, a high voltage greater than 6 
kV can cause the solution to be drawn from the needle tip 
(Subbiah et al., 2005; Baede, 2009). It was also shown that 
increasing the solution flow rate increases the fiber di-
ameter when spinning fibers from polystyrene solutions 

(Haghi, 2009; Haghi, 2010). As the distance between the 
collector and the needle tip increases, the resulting diam-
eter decreases (Wang et al., 2006). 

The rotation speed is an important factor, as it affects 
the percentage of fibers collected and the diameter of 
these fibers due to variations in the tension to which 
they may be exposed (Czaplewski et  al., 2004; Kumar, 
2012). The collector’s rotation speed must be calibrated 
to match the fiber flow rate. In other words, the rotation 
speed of the collector determines the degree of fiber reg-
ularity and thus affects the fiber diameter (Bosworth & 
Downes, 2011; Ramakrishna et al., 2005). Precise control 
and prediction of nanofiber diameter are also crucial for 
various applications, as polymer concentration, applied 
voltage, feed rate, collector speed and shape significantly 
affect nanofiber diameter (Sukpancharoen et  al., 2024). 
Recently, neural inference models have emerged as a 
means of predicting process variables (Çetinkaya et  al., 
2024). The most important applications of nanofibers are 
tissue engineering, flexible electronics and filtration (Zu-
niga-Navarrete et al., 2024).

collector, the results showed that a rotational speed of 3000 rpm gave the smallest fiber diame-
ter, reaching 50.07 nm. Also, samples taken from the base side showed identical results, and the 
smallest diameter measured was 40.1 nm. By comparing the fiber diameters taken from the two 
bases of the cone, the results showed the presence of a gradient in the alignment, diameters, and 
density, allowing the formation of a three-dimensional structure for the resulting fiber network. 
This study demonstrates the importance of calibrating the rotational speed of the collector and 
its inclination angle in determining the optimum values to obtain three-dimensional fibers at the 
nanoscale, which can be used in many potential applications.

Keywords: conical collector, speed, alignment, fiber 
diameter, nanofiber, nonwoven, 3d.

Figure 1. The principle of the electrospinning 
process (Ahmadi Bonakdar & Rodrigue, 2024).
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Controlling fiber orientation is an important step to-
ward many potential uses, but controlling the orientation 
of electrospinning fibers is not an easy task (Chuangchote 
& Supaphol, 2006). Several methods have been applied to 
control fiber orientation, including the use of a high-speed 
rotating disc (Brown & Stevens, 2007) and gap ring align-
ment (Rebicek et al., 2011). Oriented networks have been 
successfully applied to human stem cell culture using 
electrospinning oriented polycaprolactone (PCL) nanofi-
ber cell carriers, and better cytoskeletal reorganization 
of stem cells was observed compared to unoriented net-
works (Lawrencetine & Cato, 2014). “CAMILA. F” also used 
parallel collagen nanofibers to fabricate artificial knee 
cartilage. The researcher demonstrated that increasing 
the parallelism of the fibers and decreasing their diame-
ter can yield artificial cartilage that is functionally similar 
to natural cartilage (Camilla & Juan, 2016). The ability to 
control the alignment of silver nanowires could lead to 
the development of nanoelectronic and nanophotonic 
structures (Cao et al., 2006).

The shape of the collector also has an important effect 
on the specifications of the produced fibers. The conical 
shape of the collector will cause variation in the electrical 
charge strength, according to Needle (Haider, 2016) (see 
Figure 2), and the conductive collector reduces charges on 
the deposited fibers (Ahmadi Bonakdar & Rodrigue, 2024). 
The cone stem causes a variation in the distance between 
the extrusion point and the collection points, as well as 
in the linear velocity of the collector due to the diameter 
gradient along the forming distance (Bhardwaj & Kundu, 
2010) (see Figure 3). In this case, it becomes important to 
combine the effect of the rotational velocity and the effect 
of the diameter change of the cone under the term linear 
velocity and its role in creating a gradient in the structure 
of the fibers formed on the collector. This gradient will lead 
to the formation of a three-dimensional fiber network.

Fibers can be described as three-dimensional at the 
nanoscale in two states: either as nanoparticles or by in-
creasing the surface area-to-volume ratio, which increases 
the effective surface sites on the fiber network. Creating a 
gradient in the microstructure of nanofiber networks will 
increase the number of effective sites. Such networks can 
be used to improve the growth sites of living cells in tissue 
engineering (Zhou & Tan, 2017; Cui et al., 2010).

Given the importance of the influence of collector 
speed on the specifications, homogeneity, alignment, 
and density of the resulting fibers, the effect of varying 
the rotational speed of the cone stem on the fiber spec-
ifications at different forming points along the collector 
was studied to achieve optimal values ​​for producing 

homogeneous fibers with small diameters on the nano-
meter scale. In a separate step, three types of conical 
collectors with different inclination angles (10, 15, and 30 
degrees) were used, and the effect of the cone inclination 
angle on the diameter and density of the electrospinning 
fibers was studied, with the aim of achieving optimal 
operating conditions for obtaining a three-dimensional 
Nano network structure.

2. Materials and Methods

2.1. Materials
During the blow spinning experiments, a solution of poly 
lactic acid polymer (PLA) was utilized at a concentration 
of 7% by weight. The solid material of the polymer was 
obtained from the exhaust of the three-dimensional 
printing. A mixture of 40% dimethylformamide (DMF) and 
60% acetone was used.

2.2. Equipment:
An electrospinning device with an interchangeable col-
lector was used, designed to produce nanofiber webs 
with multiple specifications (Figure 4). The device was 
manufactured locally in accordance with the technical 
specifications shown in Table 1.

Figure 2. Difference in charge distribution 
according to the angle of the cone trunk.

Figure 3. A side view of the conical manifold in 
a horizontal position, in front of the extrusion 
needle, shows the difference in diameter and 

the distance along the complex’s length.
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Table 1. Technical specifications  
of the electrospinning device.

Collector rotational speed range 0 – 6000 rpm

Collector reciprocating speed range 12.6 – 25.2 m/min

Polymer pump ALARIS IVAC P3000

Voltage booster 19-28 Kv, 100 w, 220 v

Figure 4 shows the parts of the device used, where:
1.	 Cooling fan
2.	 Reciprocating motor
3.	 Attached
4.	 Arm
5.	 Linear motion track of the complex group
6.	 Rotary motion engine
7.	 Motor axis
8.	 Garlic (peeled)
9.	 The axis of the collector

10.	 Conical collector (see Figure 5).
11.	 Humidity and temperature sensor
12.	 Humidifier

Table 2. Dimensions of conical collectors.

𝛉° A mm B mm C mm L mm

The first model 10 70 20 8 140

The second model 15 95 20 8 140

The third model 30 182 20 8 140

In Figure 6, the gradient of a cone is defined as the 
amount of decrease in its diameter after every 1 cm (Equa- 
tion 1):

G = −20. L. tanϴ mm (1)

The device’s operating parameters were adjusted accord-
ing to previous studies and laboratory experiments. The 
chamber was conditioned for 30 minutes before start-
ing the electrospinning process to meet the required 
conditions.

In the first study, the conical collector surface was 
modified (Table 2), and the effect of collector surface in-
clination on fiber properties was investigated. Different 
collector surface inclination angles result in different dis-
tributions of electrical charge on the surface and different 
distances between the needle head and the collector 
base. In the second study, five rotational speed values ​​
were selected, and their effect on properties was stud-
ied, while the remaining process parameters were fixed 
according to Table 3.

The resulting fiber networks were examined using a 
scanning electron microscope (SEM) model VEGA II XMU. 
Two samples were taken from different areas of each 
network: the first sample was collected from the side of 
the base of the small conical complex, while the second 
sample was taken from the side of the larger base, at a 
distance of 1 cm from the edges of the sample, as illus-
trated in Figure 7.

Figure 5. Polyamide conical collectors, 1: 10 
degrees, 2: 15 degrees,3: 30-degree inclination.

Figure 6. Dimensions of the cone trunk: 
L: Height of the cone trunk; A: Diameter of the larger base; B: 
Diameter of the smaller base; C: Thickness of the cone trunk; 

𝛉°: Angle of inclination of the cone›s surface from the axis.

Figure 4. Schematic diagram of the 
conical electrospinning device.

3 2 1
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Microscopic images were analyzed by measuring their 
diameters, deviations, and densities using reference 
methods in the ImageJ program (Lawrencetine & Cato, 
2014; Zhou & Tan, 2017)

3. Results:

3.1. Effect of Cone Inclination Angle 
On Fiber Diameter and Density:
In this study, spinning experiments were conducted at 
a rotational speed of 1500 rpm. Figure 8 shows SEM im-
ages of the samples from the great base direction (GBD) 
and the small base direction (SBD) for each slope angle. 
Table 4 shows the results of diameter calculations using 
ImageJ.

Table 3. Experimental operating conditions.

PLA solution concentration, %wt 7

Electrical voltage, kv 25

Distance between needle and manifold, cm 18

Solution flow, ml/h 0.1

Operating time, min 60

Humidity, % 60

Temperature, C° 25

The slope angle of the collector surface, 
degrees

10

15

30

Rotational speed of the collector, rpm

0

1500

3000

4500

6000

Figure 7. Method of selecting samples 
for microscopic examination.

1 

2 

3 

4 

5 

6 

Figure 8. SEM images of the samples: 1: 10 GBD; 2: 10 
SBD; 3: 15 GBD; 4: 15 SBD; 5: 30 GBD; 6: 30 SBD.
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Figure 10. Results of the statistical study of 
the three models: 1: 10; 2: 15; 3: 30.

Table 4. Calculating diameters and their gradation.

Model Fiber 
diameter 
range nm

Average 
diameter

nm

deviation Gradient 
amount

nm

GBD 110-180.3 148.7 22.3 64.1

SBD 40.1-125.5 84.6 20.4

GBD 225 -360 289.8 47.3 90

SBD 112.6-304.6 199.8 54.2

GBD 315-517 390 53.2 151.1

SBD 178-295.7 238.9 35.9

From Figure 9, an increase in the diameters of the result-
ing fibers was observed as the conical surface inclination 
angle increased, reaching their largest value at the largest 
base of the third model, with an average of 390 nm. An 
increase in the range of the diameter gradation was also 
observed as the conical surface inclination increased.

A gradation in fiber diameters was obtained within a 
single sample between the largest and smallest bases 
for each conical collector model. This gradation result-
ed from the fact that the effect of the difference in the 
distance of the needle point from the collector surface 
at each extrusion moment was greater than the effect of 
the collector surface velocity, in addition to the electric 
field strength from the smallest base side, according to 
the Needle effect. Therefore, the fibers with the smallest 
diameter were those taken from the smallest base side. 
Increasing the cone’s tilt angle also increased the diam-
eter of its largest base, thus significantly decreasing the 
distance between the needle and the collector surface. 
This helped increase the distance between the needle 
and the collector. The increase in the diameters of the 
resulting nanofibers with increasing cone’s tilt angle can 
be explained by a decrease in the accumulation of elec-
trical charges on the cone’s surface and, consequently, 
a decrease in the attractive force of the charge on the 
fiber, since the distribution of electrical charges on the 
collector surface decreases with increasing surface tilt.

A Statistical Study to Determine 
the Effect of the Difference in Fiber 
Diameter Between the Two Bases:
The results obtained in the microscopic gradation study 
of fiber samples show that there is a difference in the 
resulting fiber diameters along the length of the collector 
for each sample. To determine whether this difference 
is significant or not, professional statistics were utilized 

using the program Excel, using the statistical function 
ANOVA (Maan, 2016). The results are shown in Figure 10.

From the Excel results, we find that for the first model, 
in the “Between Groups” field, which means the differ-
ence in diameter values between the two bases, we note 
that the variance value (MS) is greater than the variance 
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Figure 9. Comparison of fiber diameters taken 
from the two bases for each model.
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value for the “Within Groups” field. This means that there 
is a clear difference between the diameters taken from 
the larger base and the diameters taken from the smaller 
base. To determine whether this difference can be taken 
into account, we look at the P-value for the first field, 
which is equal to 15. This is much smaller than the value 
of , the significance level at α = 0.05 (Excel). Therefore, the 
initial hypothesis is rejected, and the alternative hypoth-
esis, which states that there is a fundamental difference 
between the average diameters taken from each of the 
two bases, is accepted. Similarly, for the second and third 
models.

The density calculation method at the nanoscale was 
also applied to the samples of the three cone models. The 
results are shown in Table 5 and Figure 11.

Table 5. Results of calculations of the surface density of fibers.

Model Surface 
slope angle

Density fiber/5μ

Great base 
direction

(GBD)

Small base 
direction

(SBD)

1 10 10 10

2 15 8 9

3 30 8 8

It is noted in Figure 11 that the fiber density taken from 
the larger base side was very close to that taken from the 
smaller base side. This means that the angle of inclina-
tion of the cone’s tip showed no significant effect on the 
density of the resulting meshes. It can be argued that the 
effect of the collector’s rotational speed on fiber density 
was equivalent to the effect of the electrical charge dis-
tribution across the fibers.

3.2. Effect of Rotational Speed On 
Fiber Orientation and Alignment:
This study was conducted using the first conical collector 
model (10-degree inclination angle).

In Figure 12, we observe that at rotational speeds of 
0 rpm and 1500 rpm, the fibers are randomly arranged, 
without any alignment, consistent with previous studies. 
In the third sample, taken at a rotational speed of 3000 
rpm, some fibers started to align in a specific direction, 
although this was only a small percentage compared to 
the remaining random fibers. The image also indicates 
that some defects began to take on a spindle shape, 
whereas in the first and second samples, they were spher-
ical. At a rotational speed of 4500 rpm, the alignment and 
parallelism of the fibers became noticeably clearer, with 

a reduction in defects. By 6000 rpm, the fibers displayed 
significant orientation and complete parallelism among 
some of them.

Then, a study was conducted to measure the fiber tilt 
angles from each other for samples 3, 4, and 5 using the 
ImageJ program.

From Figure 13, it can be observed that the gray col-
umns represent a deviation of less than 30 degrees. At a 
speed of 3000 rpm, several fibers exhibited a deviation of 
less than 15 degrees. At 4500 rpm, approximately 80% of 
the fibers had a deviation of less than 30 degrees, while at 
6000 rpm, the majority of fibers also showed a deviation 
of less than 30 degrees. This indicates that an increase in 
the collector’s rotational speed correlates with a higher 
number of fibers exhibiting minimal deviation from one 
another. In conclusion, higher rotational speeds of the 
collector (4500 rpm and above) resulted in better align-
ment and orientation of the resulting nanofibers, while 
other electrospinning process parameters remained con-
stant. This orientation can be attributed to the fact that 
the fibers reach the collector’s surface when its speed is 
high, which pulls the fibers in the direction of rotation, 
thus promoting parallelism. 

Figure 14 illustrates the relationship between increas-
ing rotational speed and the number of fibers with a 
deviation of less than 15 degrees. The linear velocities of 
the collector surface were calculated based on the larger 
base dimensions, which measured 24.2 mm and 66.5 mm. 
It was found that about 82% of the fibers were aligned in 
this manner.

No fiber orientation was observed in the images 
taken from the small base side of the conical complex, 
regardless of the change in rotational speed. This lack of 
orientation can be explained by the surface velocity at 
the small base, which was insufficient to induce orienta-
tion; the highest recorded value was 7.6 m/s. In contrast, 
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Figure 11. Results of calculations of 
the surface density of fibers.



Hossen et al. / Journal of Applied Research and Technology 354-367

Vol. 24, No. 3, June 2026     361

Figure 13. Number of oriented fibers with 
their inclination angles for the three samples: 

3: 3000 rpm; 4: 1500 rpm; 5: 6000 rpm.
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Figure 14. The relationship between the increase in 
rotational speed and the number of directed fibers.

orientation began to occur from the large base side when 
the surface velocity reached 10.4 m/s, corresponding to 
3000 revolutions per minute (rpm) “Figure 15”.

1 

2 
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4 

5 

Figure 12. Pictures of samples of the great base 
direction of the conical collector: 1) 0 rpm; 2) 1500 

rpm; 3) 3000 rpm; 4) 1500 rpm; 5) 6000 rpm.
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The alignment gradient within a single sample along the 
cone was examined, starting from the small base and ex-
tending to the large base. This analysis is essential for 
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5 

Figure 15. Pictures of samples of the small base 
direction of the conical collector: 1) 0 rpm; 2) 1500 

rpm; 3) 3000 rpm; 4) 1500 rpm; 5) 6000 rpm.

determining the linear velocities that contribute to steer-
ing. Sample No. 5 was selected for this study, and five 
adjacent sections were taken from it at varying diameters 
of the manifold, as shown in Figure 16.

The alignment gradient in Sample No. 5 was mathe-
matically expressed by calculating the deflection angles 
of 50 fibers. This measurement was taken at a diameter 
of 48.9 mm for the manifold, where the routing began.

Figure 16 shows a gradual change in fiber alignment 
along the sample. Starting from the small base, where 
the fibers were randomly oriented, they began to align 
in parallel at a diameter of 48.9 mm. The highest level 
of alignment was achieved at a diameter of 66.5 mm, as 
shown in Figure 17, which supports the previous findings.

Figure 18 indicates that as the collector surface veloci-
ty increases from 7.6 to 20.9 m/s, the fiber orientation also 
improves. This results in a significant increase in align-
ment, reaching a maximum of 82% alignment.

3.3. Effect of Rotational Speed On Fiber Diameters:
The diameters of 20 fibers from each sample taken from 
the two bases were measured, and their arithmetic mean 
was calculated using the image processing program | im-
age. The results are shown in Tables 6 and 7.

Table 6. Calculation of the diameters of the major 
base fibers at the studied speed values.

Sample Rotational 
speed rpm

Field fiber 
diameters

Average 
diameters

Deviation 
standard

1 0 85.6 -211.2 119.5 36.21

2 1500 62.9 – 133.6 93.1 17.99

3 3000 50.07 – 133.6 77.2 22.46

4 4500 62.9 – 159.3 110 26.41

5 6000 113.5 - 296 180.8 47.01

Table 7. Calculation of the diameters of the smallest 
base fibers at the studied speed values.

Sample Rotational 
speed rpm

Field fiber 
diameters

Average 
diameters

Deviation 
standard

1 0 70.4 – 187.1 123.1 30.9

2 1500 75.8 – 129.8 101.7 15.86

3 3000 40.1 – 125.5 84.6 20.45

4 4500 112 - 240 168 38.19

5 6000 164.2 – 277.4 215.5 32.9

As shown in Figure 19, at the main base of the collector, 
at a rotational speed of 0 rpm, the average fiber diame-
ter in the sample was 119.5 nm. As the rotational speed 
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Figure 18. The relationship between surface velocity 
and the number of directed fibers in sample 5.
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Figure 19. Relationship between the rotational 
speed of the collector and the diameters of the 

resulting nanofibers at the largest base.

Figure 16. Alignment gradient within sample 5.

Figure 17. Deviation plots for the three gradient samples: 
sample 3: 48.9 mm; sample 4: 59.5 mm; sample 5: 66.5 mm.
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increased to 1500 rpm, the average fiber diameter de-
creased to 93.1 nm, accompanied by a reduction in the 
standard deviation of the sample’s diameters. At 3000 
rpm, the average diameter decreased further to 77.2 nm, 
with the smallest diameter recorded at 50.07 nm. How-
ever, when the speed was increased from 3000 to 6000 
rpm, the diameters of the resulting fibers increased to 
180.8 nm, along with a larger standard deviation in the 
diameter values.

From this, we conclude that varying the collector’s ro-
tational speed significantly affects the diameters of the 
resulting nanofibers. The smallest observed diameter at 
a medium rotational speed of 3000 rpm indicates that 
the fibers were stretched, contributing to their elonga-
tion and reduced diameter. At this speed, the centrifugal 
force generated by the rotation did not have a noticeable 
effect, making it the most suitable speed for producing 
nanofibers with very small diameters. In contrast, at 
higher rotational speeds, the effect of force became ap-
parent; the centrifugal force counteracted the attractive 
force acting on the charged fibers, leading to an increase 
in the diameters of the resulting fibers.

According to Figure 20, the results align with those 
obtained from samples taken from the large base side, 
where a rotational speed of 3000 rpm produced fibers 
with very small diameters, down to 40.1 nm. The relation-
ship between speed and fiber diameter was established 
using the trend-line equations shown in Figures 19 and 
20, enabling prediction of fiber diameter from the collec-
tor’s operating rotational speed.

The difference between the diameters of the fibers 
taken from the side of the larger base of the collector 
and the diameters of the fibers taken from the side of 
the smaller base was evaluated, and the extent of the 
gradation of the fiber diameter along the cone was calcu-
lated. Figures 21 and 22 show the results of the diameter 
gradation.

As the rotational speed of the collector increased, its 
surface speed increased, and since the surface speed is 
related to the diameter of the collector, the diameters of 
the fibers taken from the side of the larger base (where 
the surface speed is higher) were smaller than the diame-
ters of the fibers taken from the side of the smaller base.

A statistical study was conducted using ANOVA to de-
termine whether the gradation of fiber diameters was 
effective. The study showed that the P-value for the 
fourth sample was 0.004 and for the fifth sample was 0.01 
Figure 23. Both are smaller than the significance level, 
thus accepting the alternative hypothesis that there is a 
clear difference between the average diameters taken 

from each of the two bases. Therefore, the high rotation-
al speed of the collector (4500 rpm and above) led to the 
emergence of a clear, substantial gradation in diameters 
between the two ends of the collector.

3.4. Effect of Rotational Speed On 
the Surface Density of Fibers:
The method for calculating density at the nanoscale, 
according to references, is done by drawing a straight 
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Figure 20. Relationship between the rotational 
speed of the collector and the diameters of the 

resulting nanofibers at the smallest base.
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Figure 21. Results of the gradation in diameter.

y = 0.0051x + 0.14
R² = 0.8629

0
5

10
15
20
25
30
35
40

0 2000 4000 6000 8000

G
R

AD
U

AL

SPEED RPM 

Figure 22. Speed-gradient relationship.



Hossen et al. / Journal of Applied Research and Technology 354-367

Vol. 24, No. 3, June 2026     365

horizontal line in the middle of the microscopic image of 
each sample and calculating the number of fibers that 
intersect with this line within a certain distance that is 
chosen (Zhou & Tan, 2017). This method was applied to 
microscopic images within a distance of 5 μ𝑚. The results 
are shown in Table 8.

Table 8. Results of surface density calculations.

rotational 
speed rpm

Density fiber/5μ Gradual
fiberGreat base 

direction (GBD)
Great base 

direction (GBD)

0 15 10  5

1500 13 9  4

3000 13 8  5

4500 14 6  8

6000 17 8  9

We note from Figure 24 that the effect of the surface ve-
locity resulting from the collector’s rotational speed on 
fiber density varied. The highest fiber density was at 6000 
rpm, but the difference in density between the two ends 
of the collector for each sample was clear, as samples 
taken from the larger base side had a higher density than 
those taken from the smaller base side. We also note that 
the density gradient increased with increasing rotational 
speed. The reason for these results is the dual effect of 
the high surface velocity and the distance between the 
needle tip and the collector.

The fiber density was greatest from the larger base side, 
where the surface velocity was greater and the needle 
was closer to the collecting surface. It then gradually de-
creased along the length of the collector as the distance 
between the needle and the collector increased and the 
surface velocity decreased, reaching its lowest value at 
the smaller base of the collector.

It appears that the difference between the values ​​
expressing density is small, but the adopted nanoscale 
must be taken into account. Converting the adopted scale 
to fiber/mm (or fiber/cm) will make this difference signif-
icant at the sample level.

4. Conclusions

The importance of this study lies in the ability to pre-
dict the diameter, alignment, and density of the resulting 
fibers to obtain smaller, more homogeneous fiber net-
works according to the required specifications. This 
allows them to be used in various applications, especially 
three-dimensional fibers.

The study showed that increasing the cone tip tilt an-
gle led to a greater increase in the diameter gradient of 
the electrospinning nanofibers between the two ends of 
the collector compared to the gradient resulting from in-
creasing the rotational speed. This was accompanied by 
an increase in the diameters of the resulting fibers due to 
a decrease in the accumulation of electrical charges on 
the collector surface. However, there was no significant 
effect of varying the cone tip tilt angle on the density of 
the resulting fibers

It was also found that the collector’s rotational speed 
controls the degree of fiber alignment, density, diameters, 
and gradation, thus achieving a three-dimensional struc-
ture. Increasing the operating speed gradually increases 
the probability of obtaining oriented fiber networks by 
82%, depending on both the collector’s rotational speed 
and the collector’s diameter. A comparison between the 

Figure 23. Statistical study results: A: 4500rpm, B: 6000rpm.
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two collector bases also showed a gradation in alignment 
and diameters with varying speeds. The fiber diameter 
decreased to its smallest value on the nanoscale in the 
3000-4500 rpm speed range, accompanied by an increase 
in density. The diameters then increased, and the densi-
ty decreased in the 4500-6000 rpm speed range in both 
samples taken from the two bases. The derived relation-
ship is useful in controlling the diameters of the fibers 
to be produced before starting the production process. 
These results will help in achieving nanoscale networks 
that may contribute to the development of the nanoelec-
tronics industry and improve the growth sites of living 
cells in three-dimensional tissue engineering applications
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