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Abstract 
A non-woven nanofiber or polymeric cover is synthesized with nylon-6 as the base polymeric material. Different acid relationships 
(formic/acetic) were tested in the electrospinning equipment, until defining by macroscopic observations and SEM Scanning Electron 
Microscopy analysis the adequate acid ratio 3:2 and the average diameter of the nanofibers in 350nm, defining the parameters to operate 
the electrospinning. According to ASTM D 882 standard, the Tensile Strength was calculated for stresses applied horizontally and vertically 
to the direction of the nanofibers. With the standards ASTM D 7490 and ASTM G-15 the wettability was determined by measuring the 
contact angle, finding that it has hydrophilic properties with high wettability, adhesiveness and surface energy. Nanostructured polymer 
covers can be used for biological isolation in health care areas, as a protective barrier to control the spread of infections. 
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Síntesis y caracterización mecánica de una nanofibra no tejida por la 
técnica de electrohilado 

 
Resumen 
Se sintetiza una nanofibra no tejida o cubierta polimérica con nylon-6 como material polimérico base. Se probaron distintas relaciones 
ácido (fórmico/acético) en el equipo de electrospinning, hasta definir por observaciones macroscópicas y análisis de Microscopia 
Electrónica de Barrido SEM la relación adecuada de ácido 3:2 y el diámetro promedio de las nanofibras en 350nm, definiendo los 
parámetros para operar el electrospinning. Acorde a la norma ASTM D 882 se calculó la Resistencia a la Tracción para esfuerzos aplicados 
en sentido horizontal y en sentido vertical a la dirección de las nanofibras. Con las normas ASTM D 7490 y ASTM G-15 se determinó la 
humectabilidad por medición de ángulo de contacto, encontrando que tiene propiedades hidrofílicas con alta mojabilidad, adhesividad y 
energía superficial. La cubierta polimérica nanoestructurada puede ser usada para el aislamiento biológico en áreas de atención en salud, 
como barrera protectora para el control de la propagación de infecciones. 
 
Palabras clave: síntesis de nanopartículas; electrospinning; cubierta de polímero; caracterización mecánica; nanofibra; no tejido. 

 
 
 

1.  Introduction 
 
According to the Colombian technical standard NTC 

3911, non-woven textiles are defined as a manufactured 
sheet, veil or fiber material directionally or randomly 
oriented, joined by friction and/or cohesion and/or adhesion, 
excluding paper and products that are woven, meshed, tufted, 
joined by stitching incorporating yarns or bonded filaments 
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by wet milling, whether or not they are additionally woven. 
The fibers can be of natural origin or man-made and of 
discontinuous or continuous filaments, or be formed in situ 
[1]. 

Electrospinning, a spinning technique, is a unique 
approach that uses electrostatic forces to produce fine fibers 
from polymer solutions or casting and the produced fibers 
have a finer diameter (from nanometer to micrometer) and a 
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larger surface area than those obtained of conventional 
spinning processes [2]. The typical electrospinning 
configuration works with a single line of simple yarns, a 
small metal capillary. The material, intended to be spun, is 
usually a polymer solution and is continuously fed through 
the capillary. 

Electrospinning is carried out at room temperature under 
atmospheric conditions. This technique offers a simple 
method to produce polymer nanofibers. By adjusting the 
material and the processing parameters, a wide range of fiber 
diameters can be obtained, usually between a few tenths of a 
nanometer and a few microns [3]. 

Some national and international studies can be found that 
determine the effect of the parameters in the electrospinning 
process on the morphology of a polymeric cover. 

In their joint work with the Shanghai Plastics Research 
Institute [4], nylon fibers 6/66/1010 with an interval of 6-
14% were successfully prepared by electrospinning, 
determining; that the concentration of the higher solution 
favors the formation of uniform ultrafine fibers without 
droplets, that the diameter of the electrospun fibers increases 
with the increase of the concentration of the solution and 
slightly decreases with the increase of the tension and of the 
tip distance to needle collector. 

In the work carried out in the Department of Chemistry 
and Industrial Chemistry of the University of Genoa, Italy 
with the collaboration of the SIMAP - GPM2 Laboratory, of 
Saint Martin de Hèrescedex, France[5], a study of the 
synthesis of nylon/silver (Ag) composite nanofibers 
developed by electrospinning was presented, the work 
showed that the concentration of the solution and the relative 
humidity of the environment (RH) are two parameters that 
strongly affect the size and morphology of the nanofiber 
during electrospinning, the increase in RH had an opposite 
effect on the diameter of the nanofibers, while the increase in 
the concentration of the solution increased the diameter of the 
fiber. These effects of the humidity and the concentration on 
the diameter of the fiber were attributed to the evaporation 
rate of the solvent during the electrospinning. It was also 
observed that nylon fiber composites exhibited a high 
mechanical strength that was ~ 2-3 times higher than their 
pure counterparts [5]. 

In the work developed by the Bioengineering research 
group of the Universidad Pontificia Bolivariana, Medellin, 
Colombia, various types of natural and synthetic polymers 
have been used to develop non-woven textiles according to 
their properties. In this research a variety of applications in 
the biomedical field are presented [6]. There are international 
standards for non-woven fabrics that specify the appropriate 
sample sizes and the suitable equipment for the 
characterization protocols. In future studies, the durability of 
the non-woven fabric and the time of effect of the 
antibacterial nanoparticles could be considered, in order to 
provide more information about the useful life of this type of 
reinforcement [6]. 

In general terms, it can be said that in recent years 
different studies have focused on the research of non-woven 
textiles with nanoparticles immersed in their fibers, in order 
to characterize the parameters and variables required in the 
synthesis of nanofibers, to understand how their properties 

are improved and how they can be reinforced for different 
applications. Different authors have addressed the issue 
including tissue regeneration membranes, water filters and 
protective garments. Various types of natural and synthetic 
polymers have been used to develop non-woven fabrics, 
according to their properties; they present a variety of 
applications mainly in the biomedical field [6]. 

In the present work, it is synthesized a Nylon 6 electro-
yarned material, it is presented the analysis of the synthesis 
conditions and finally it is characterized by ASTM standards 
the morphology, the mechanical properties and the 
wettability, making an analysis on the properties used in the 
application that is expected for the material. 
 
2.  Materials and methods 
 

To develop the non-woven nanofiber, 18 samples were 
initially prepared in 3 groups with different acetic / formic 
acid ratios and different operating conditions of the 
electrospinnig equipment, which were analyzed 
macroscopically and by means scanning electron microscopy 
SEM to determine the appropriate ratio for its manufacture. 

Finally, with the appropriate acid ratio and the defined 
operating conditions of the electrospinning, new samples 
were manufactured for which the tensile strength and the 
contact angle were determined. 
 
2.1.  Development of the nonwoven by the electrospinning 
technique. 
 

The nylon-6 trademark ensingerplastic reference tecamid 
6 natural was chosen as the base polymeric material for 
electrospinning the nonwoven [7]. The solvents used were 
acetic acid ≥99.7% (Sigma-Aldrich, CAS 64-19-7) and 
formic acid ≥95% (Sigma-Aldrich, CAS 64-18-6). Different 
acetic/formic acid ratios were used to observe which affect 
the morphology of the nanometric fibers. 

For the synthesis of the non-woven nanofiber, the 
following variables were considered: 
• Acetic/formic acid ratio. 
• Nylon-6 percentage (%) 
• Equipment voltage (kV). 
• Needle-collector distance (cm). 
• Flow rate (ml/h). 
• Room temperature (ºC). 
• Ambient humidity (%). 
• Electrospinning time (hours). 
• Number of layers of the electrospinning [2] 

The temperature (ºC) and humidity (%) corresponded to 
environmental conditions at the moment of obtaining the 
sample and were not manipulated[5,8]. 

The amount of polymer and (formic and acetic acid) for 
the synthesis of the material was determined as follows: 

For a solution of 10 ml: 
10% polymer = 1 ml of polymer 
90% solvent = 9 ml of solvent 
The weight-mass calculation based on the density of the 

polymer and the solvent was carried out in the following 
manner. 

The weight-mass calculation based on the polymer and 
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solvent densities was carried out as follows: 
 

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 6 = 1,084 
𝑔𝑔𝑔𝑔
𝑚𝑚𝑚𝑚 

 

 

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐴𝐴𝐴𝐴.  𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 = 1,22 
𝑔𝑔𝑔𝑔
𝑚𝑚𝑚𝑚 

 

 

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐴𝐴𝐴𝐴.  𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = 1,05 
𝑔𝑔𝑔𝑔
𝑚𝑚𝑚𝑚 

 

 

1 𝑚𝑚𝑚𝑚 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 6 ∗ 1,084 
𝑔𝑔𝑔𝑔
𝑚𝑚𝑚𝑚 = 1,084 𝑔𝑔𝑔𝑔 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛6  

 
For the solvent with ratio 4:1 [Formic/Acetic acid] 

4:1= 5 parts of solvent 
 

9 𝑚𝑚𝑚𝑚 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ÷ 5 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
= 1,8 𝑒𝑒𝑒𝑒𝑒𝑒ℎ 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 

 

 
For the formic acid: 

 
4 ∗ 1,8 = 7,2 𝑚𝑚𝑚𝑚 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎  

 
For the acetic acid: 

 
1 ∗ 1,8 = 1,8 𝑚𝑚𝑚𝑚 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎  

 
2.1.1.  Sample preparation 
 

Eighteen (18) samples with different acetic/formic acid 
ratio organized into three groups were prepared, the first 
group with a 4:1 ratio, the second with a 3:2 ratio and the 
third with a 2:3 ratio. 

Each sample was subjected to a stirring process, in a 
magnetic stirrer for 4 hours at a stirring speed between 40-50 
revolutions per minute until achieving a homogeneous 
solution. 

The samples were assembled in the electrospinning in 
linear form using two equipment at the same time, two 
assemblies in the workplace but changing the voltage, each 
one in a wall during 1 hour with an amount of 1ml of solution 
in a 21G- 5ml syringe. 
 
Table 1. 
Formic: acetic acid ratio [4:1] 

Equipment variables 
Non-woven Nylon 6 sample 

1-1 1-2 1-3 1-4 1-5 1-6 
Nylon-6 percentage (%) 
by weight 10 10 10 10 10 10 

Equipment voltage (kV) 15 16 17 18 19 20 
Needle-collector distance 
(cm) 15 15 15 15 15 15 

Flow rate (ml/h) 0,3 0,3 0,3 0,3 0,3 0,3 

Room temperature (ºC) 22,8 22,8 22,8 22,8 22,3 22,3 

Ambient humidity (%) 65 65 62,4 62,4 58,3 58,3 
Electrospinning  time 
(hours) 1 1 1 1 1 1 

Source: The Authors. 
 
 

Table 2.  
Formic: acetic acid ratio [3:2] 

Equipment variables Non-woven Nylon 6 sample 
2-1 2-2 2-3 2-4 2-5 2-6 

Nylon-6 percentage 
(%) by weight 10 10 10 10 10 10 

Equipment voltage 
(kV) 15 16 17 18 19 20 

Needle-collector 
distance (cm) 15 15 15 15 15 15 

Flow rate (ml/h) 0,3 0,3 0,3 0,3 0,3 0,3 
Room temperature (ºC) 23 23 23,2 23,2 22,8 22,8 
Ambient humidity (%) 63 63 65,4 65,4 71,5 71,8 
Electrospinning  time 
(hours) 1 1 1 1 1 1 

Source: The Authors. 
 
 
Tabla 3.  
Formic: acetic acid ratio  [2:3] 

Equipment variables Non-woven Nylon 6 sample 
3-1 3-2 3-3 3-4 3-5 3-6 

Nylon-6 percentage 
(%) by weight 10 10 10 10 10 10 

Equipment voltage 
(kV) 15 16 17 18 19 20 

Needle-collector 
distance (cm) 15 15 15 15 15 15 

Flow rate (ml/h) 0,3 0,3 0,3 0,3 0,3 0,3 
Room temperature (ºC) 23 23 23,2 23,2 22,8 22,8 
Ambient humidity (%) 63 63 65,4 65,4 71,5 71,8 
Electrospinning  time 
(hours) 1 1 1 1 1 1 

Source: The Authors.  
 
 
2.2.  Morphology tests by scanning electron microscopy 
SEM-EDX 
 

In order to select the sample of greater uniformity 
according to the formic: acetic acid ratio and the variables of 
the electrospining equipment used for its conformation, the 
samples were taken to a JEOL JSM-6490LV Scanning 
Electron Microscope, in High vacuum conditions in order to 
obtain high resolution images. The samples were fixed in a 
graphite tape and a thin gold coating (Au) was applied 
(DENTON VACUUM Desk IV), the secondary electron 
detector was used to evaluate the morphology and 
topography of the samples, the diameter of the fibers was 
analyzed with the ImageJ software. 
 
2.3.  Tensile strength tests of a non-woven polymeric cover 
 

To determine the tensile strength and the maximum 
displacement of the non-woven polymeric cover, a tensile 
testing machine of the constant rate of extension type (CRE) 
or constant rate of traverse (CRT) was used, with force VS 
time and stress VS deformation graphic recorder, following 
the specifications of the ASTM D 882 standard for the 
determination of tensile strength of plastics in the form of 
thin sheets and films (less than 1.0 mm (0.04 in) thick) [9]. 

Five (5) tests were performed longitudinally and five (5) 
tests cross-sectionally to the sample selected according to the 
SEM results based on its morphology and topography. 

Each sample was horizontally and vertically cut in the 
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manufacturing direction and following what is specified in 
the standard with the following procedure: 

First, the distance between clamps was fixed at the 
beginning of the test at 25mm ± 1 mm and the loads interval 
of the test equipment was selected, such that, the maximum 
load occurs between 10% and 90% of the full-load scale. The 
equipment was operated at a speed of 10mm/min, ± 0.1 
mm/min. The specimen was assembled in the clamps, such 
that, the longest side was centered and the tensile strength 
was obtained, for which the vertical line drawn 5 mm from 
the edge of the specimen was made to coincide with the 
center of the clamp, achieving in this way the longitudinal 
centering and to achieve the transversal centering, the 
horizontal lines marked at 7.5mm from the edge were made 
to coincide with the lateral side of the clamps, thus 
maintaining the 25mm between clamps  as specified in the 
Fig. 1. 
 

 
Figure 1. Specimen with centering lines. 
Source: The Authors. 
 
 

Fig. 2 shows the specimen mounted on the machine for 
the tensile test. 
 

 
Figure 2. Specimen in the tensile test machine. 
Source: The Authors. 

2.4.  Contact angle determination 
 

The contact angle is the angle that the liquid forms with 
respect to the contact surface with the solid, and is 
determined by the resultant of the adhesive and cohesive 
forces. Since the tendency of a drop to expand on a flat 
surface increases with the decrease in the contact angle, this 
angle provides a measure of the inverse of wettability. 

The procedure was carried out following the indications 
of the ASTM D 7490 standard to measure contact angles, 
considered as the interior angle that is formed by the tangent 
drawn between a drop and the substrate, this is the angle 
formed by a liquid in the limit of three phases where a liquid, 
a gas (air) and a solid are intersect [10]. 

The wettability of the polymeric covers was measured 
with contact angle measurements of distilled water using a 
contact angle meter. The distilled water was dropped 
automatically into the polymeric cover. The measurement 
was carried out at the moment the drop falls and at 20 seconds 
after the drop falls to the polymeric cover. 

Fig. 3 shows the test piece to determine the contact angle 
and in Fig. 4 the assembly of equipment. 
 

 
Figure 3. Specimen to perform the contact angle. 
Source: The Authors. 
 
 

 
Figure 4. Equipment for the contact angle test. 
Source: The Authors. 
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3. Results 
 
3.1.  Development of the nonwoven by the electrospinnig 
technique 
 

From the samples in Table 1, called Samples 1, it was 
observed that they presented a lot of drop fall on the floor-
paper, in addition it presented electrical noise when the 
voltage was greater than or equal to 16Kv. Therefore, these 
samples were not considered to continue with the study and 
were discarded. 

From the samples in Table 2, called Samples 2, it was 
observed that samples 2-1 and 2-2 had small drops on the 
sample and on the paper-floor, as well as a thinner than 
normal fiber, so that, they were discarded. Samples 2-3 and 
2-4 showed little drop in the sample and on the floor, but with 
large size, so they were discarded. Samples 2-5 and 2-6 were 
much more uniform, sample 2-5 with 19Kv, with a uniform 
fiber, no drops in the sample and very little on the floor, so 
they were selected to be taken and analyzed in the SEM to 
determine the morphological and topographic information on 
the surface of the Nanofiber. Sample 2-6 was a very thin 
fiber, more than normal and presented dropping on the floor-
paper, so it was discarded. 

From the samples in Table 3, called Samples 3, it was 
observed that samples 3-1 and 3-2 presented small droplets 
in the sample accompanied by very large ocassional drops, 
with a thinner fiber than normal and also presented drops on 
the floor-paper, so they were discarded. Samples 3-3 and 3-4 
were much more uniform fibers, the sample 3-3 with 17Kv, 
was a fiber that was thinner than normal and presented a drop 
on the floor-paper, so it was discarded, while the sample 3- 4 
with 18Kv was a uniform fiber, with no droplets in the sample 
and very little on the floor, it was selected to be taken and 
analyzed in the SEM to determine the morphological and 
topographic information on the surface of the nano fiber. 
Although samples 3-5 and 3-6 did not show much drop in the 
sample or on the paper-floor, it was observed that it is a fiber 
that is not very uniform and thinner than normal, so they were 
discarded. 
 
3.2.  Morphology tests by scanning electron microscopy 
SEM-EDX 
 

SEM analyzes were performed to determine the 
morphological and topographic information on the surface of 
the nanofiber, sample 2-5 with a 3: 2 [Formic: Acetic Acid] 
ratio with 19Kv and sample 3-4 with a 2:3 [Formic: Acetic 
Acid] ratio with 18Kv. 

Figs. 5 to 10 show the SEM images for sample 2-5 at 
different magnifications. 

The analysis of the SEM images allowed to determine, 
based on the morphology and topography, that the 
appropriate ratio for electrospinning the nonwoven is that 
used in sample 2-5 with a 3:2 [Formic: Acetic Acid] ratio, 
given that sample 3-4 with relation: 2:3 [Formic Acid: Acetic 
Acid], presents a nanofiber with little continuity and with a 
lot of dropping in the sample. However, during the 
macroscopic observation the sample 2-5 presented low 
thickness, therefore, it was necessary to increase the 

nanofiber of the nonwoven, for which some variables of the 
equipment were modified and four (4) additional samples 
were made. 
 

 
Figure 5. SEM image of the nanofibers X1.000. Sample 2-5. 
Source: The Authors. 
 
 

 
Figure 6. SEM image of the nanofibers 2.000. Sample 2-5. 
Source: The Authors. 
 
 

 
Figure 7. SEM image of the nanofibers X5.000. Sample 2-5. 
Source: The Authors. 
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Figure 8. SEM image of the nanofibers X10.000. Sample 2-5. 
Source: The Authors. 
 
 

 
Figure 9. SEM image of the nanofibers X20.000. Sample 2-5. 
Source: The Authors.  
 
 

 
Figure 10. SEM image of the nanofibers X34.000. Sample 2-5. 
Source: The Authors. 

 
Figure 11. SEM image of the nanofibers X1.000. Sample 3-4. 
Source: The Authors. 
 
 

 
Figure 12. SEM image of the nanofibers X2.000. Sample  3-4. 
Source: The Authors. 
 
 

 
Figure 13. SEM image of the nanofibers X10.000. Sample 3-4. 
Source: The Authors. 
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Figure 14. SEM image of the nanofibers X20.000. Sample 3-4 
Source: The Authors. 
 
 

 
Figure 15. SEM image of the nanofibers X30.000. Sample 3-4 
Source: The Authors. 
 
 
Table 4.   
Ratio 3:2 [Formic: Acetic acid]. Under different working conditions 

Equipment variable Nylon 6 sample 
N1 N2 N3 N4   

Nylon-6 percentage (%) by 
weight 10 10 10 10   

Equipment voltage (kV) 19 16 17 18   
Needle-collector distance 
(cm) 15 15 15 15   

Flow rate (ml/h) 0,1 0,3 0,3 0,3   

Room temperature (ºC) 22 22,8 22,8 22,8   

Ambient humidity (%) 67,1 65 62,4 62,4   

Electrospinning  time (hours) 2 2 2 2   
Source: The Authors. 

Table 4 shows the different variables to which the 
electrospinning equipment was operated to manufacture the 
four (4) additional samples with a 2:3 [Formic: Acetic Acid] 
ratio, with the aim of increasing the thickness of the 
nanofiber. Each sample was mounted on the electrospinning 
in a rotary form for 2 hours with an amount of 1ml of solution 
in a 21G-5ml syringe. 

The samples N2, N3 and N4 presented many drops on the 
paper-floor, little thickness and were not observed as a 
uniform fiber. The sample that best presented the conditions 
as nanofiber for the development of the polymeric cover was 
the N1 sample with a 3:2 ratio [Formic: Acetic Acid]. To 
verify that these conditions are appropriate, a final 8-hour test 
was performed on the equipment and a very uniform fiber 
was obtained, without droplets, neither on the sample nor on 
the paper-floor.  

Using the ImageJ software, the internal structure and 
distribution of the nanofibers were analyzed and an average 
fiber diameter of 250 - 350 nm was obtained according to the 
magnifications in Figs. 11-15. In addition, it can be observed 
that the nonwoven has a wide space between the fibers, which 
demonstrates that the material is suitable to be nano-
reinforced with antibacterial nanoparticles and in this way 
can be used in clinical applications, the cover can serve as a 
barrier for microorganisms and in case of being nano-
reinforced it could be bactericidal and/or bacteriostat, 
depending on the case. 
 
3.3.  Determination of the tensile strength of the non-woven 
or polymeric cover 
 

Table 5 shows the tensile test results using the tensile 
direction according to the vertical and horizontal orientation 
of the sample with respect to the electrospining rotor.  

The polymeric cover represents a higher resistance when 
the fabric is placed horizontally, the resistance is increased 
by 0.1185 MPa compared to that obtained with the fabric in 
a vertical position.  It should be noted that the modulus of 
elasticity of the vertical polymer cover is 4,434 Mpa higher 
than that obtained horizontally. 

Nanofibers that are synthesized in vertical direction have 
a more homogeneous mechanical behavior, since the 
standard deviation of the results is lower compared to tests 
performed in horizontal direction. 

This result is important for the final use of the material; 
when it is going to be used as a cover, the biomedical device 
or equipment to be biologically isolated must be placed in a 
vertical position. 

 
Table 5.  
Tensile test results for sample N1.  

 Orientation respect to the rotor 

Horizontal Vertical   
Modulus of elasticity, E 16.549 Mpa 20.983 Mpa   
Standard deviation, E 3.08702 1.95749   
Tensile stress 1.1060 Mpa 0.98759 Mpa   
Standard deviation 0.51427 0.38684   

Source: The Authors. 
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Figure 16. Contact angle 20 seconds after the water drop falls to the cover. 
Source: The Authors. 
 
3.4.  Determination of the contact angle 
 

A small contact angle (<90 °) indicates that the wettability 
is very high, and the fluid will extend over the surface; Large 
contact angles (> 90 °) mean that the wettability is low and 
the fluid will decrease contact with the surface, forming a 
compact droplet [11]. 

Fig. 16 shows the image taken by the equipment 20 
seconds after the drop falls, as indicated in the ASTM D 7490 
standard. 

In image 16, the contact angle less than 90 ° is observed, 
which indicates that the polymeric cover or the nonwoven 
have hydrophilic properties, that is, the wettability, the 
adhesiveness and the surface energy are high. (ASTM G-15, 
Standard Terminology Relating to Corrosion and Corrosion 
Testing, 2003). 

The wettability in water is necessary to be able to use a 
material in clinical environments, since it is a material that 
will not generate static and that humans do not present 
damage to the skin by roughness and dryness. The wettability 
analyses also show that although the material is moistened on 
the surface it does not absorb the fluids and retains them, an 
implication of vital importance so that the cover prevents the 
passage of microorganisms and that it can later be removed 
with the contamination in its micro and nanopores. 
 
4.  Conclusions 
 

A polymeric cover manufactured with a 3:2 [Formic: 
Acetic Acid] ratio was obtained, and the appropriate 
parameters of the electrospinning equipment were defined, so 
that the nanofibers is very uniform, without drops, neither in 
the sample nor on the floor-paper, with special conditions at 
nanolevel and with an average diameter of 350 nm, which 
makes possible the impregnation of nanoparticles in future 
works. 

Regarding the mechanical properties obtained from the 
polymeric cover, it is concluded that it has a better modulus 
of elasticity, if it is used to withstand tension vertically with 
respect to the flow direction in which the nanofiber was 
electrospun. 

By measuring the contact angle, it was determined that 
the polymeric cover has good hydrophilic properties with 
high wettability, adhesiveness and surface energy, which will 
be of paramount importance to be applied in coverings for 
clinical environments and microbiologically isolate 
equipment and devices. 
The results obtained provide an important contribution to 
improve the understanding of the formation and properties of 
electrospun nanofibers from polymers.  Finally, nanofibers 
can be used in a variety of applications such as the biomedical 
industry, for example in the coating of biomedical materials, 
as well as nanoparticle reinforcement. 
 
5.  Recommendations 
 

It is recommended under strict conditions that when 
polymeric covers are synthesized in the electrospinning, all 
the acids have to be handled with the necessary safety 
implements, such as long sleeves, gloves, safety glasses or 
the appropriate protective helmet. When working in the 
electrospinning, temperature and relative humidity have to be 
taken into account, trying to control these environmental 
variables, which in a certain way interfere in the 
electrospinning of the nanofiber. 

When doing the tensile tests, care must be taken not to 
damage the sample of the polymeric cover, as the cover has 
low thickness, which means that with little force the sample 
can be damaged. 

This polymeric cover can be reinforced in later works 
with bactericidal and/or bacteriostatic nanoparticles that 
prevent the contamination of the surfaces with the 
microorganisms of the environment, and can be used in 
applications of hospital use. 
 
References 
 
[1] ICONTEC, Norma Técnica Colombiana 3911, 1996. 
[2] Bhardwaj, N. and Kundu, S.C., Electrospinning: a fascinating fiber 

fabrication technique, Biotechnol., 28(3), pp. 325-347, 2010. DOI: 
10.1016/j.biotechadv.2010.01.004. 

[3] Molnár, K. and Farkas, B., Electrospun nanofibers for textile 
application - a finite element study. Comsol Conference., 2015. 

[4] Yan, Li., Zhengming, H. and Yandong, L., Electrospinning of nylon-
6,66,1010 terpolymer. Polymer., 42, pp. 1696-1704, 2006. DOI: 
10.1016/j.eurpolymj.2006.02.002. 

[5] Francis, L., Giunco, F., Balakrishnan, A. and Marsano, E., Synthesis, 
characterization and mechanical properties of nylon - silver composite 
nanofibers prepared by electrospinning. Current Applied Physics., 
10(4), pp. 1005-1008, 2010. DOI: 10.1016/j.cap.2009.12.025. 

[6] Mejía, M.L., Zapata, J., Cuesta, D.P., Ortiz, I.C., Botero, L.E., 
Galeano, B.J., Escobar, N.J and Hoyos, L.M., Properties of 
antibacterial nano textile for use in hospital environments. Revista 
Ingeniería Biomédica. 11(22), pp. 13-19, 2017. DOI: 
10.24050/19099762.n22.2017.1178. 

[7] Poliamida-Nylon. [Online]. /. [Accessed: November 28th of 2017]. 
Available at: http://www.ensinger.es/es/materiales/plasticos-de-
ingenieria/poliamida 

[8] Hyun, Y.J., Hyeung, P.J. and Young, C.J., 
Polymer/Montmorillonite/Silver nanocomposite micro and 
nanoparticles prepared by in-situ polymerization and electrospraying 
technique. [online], Intechopen. [Accessed: October 18th of 2014]. 
Available at: https://www.intechopen.com/books/nanomaterials. DOI 
10.5772/26212. 

[9] ASTM International, ASTM D882: Standard test method for tensile 
properties of thin plastic sheeting, ASTM Stand., 2012, 12 P. 



Sarmiento-Gaviria et al / Revista DYNA, 86(209), pp. 64-72, April - June, 2019. 

72 

[10] ASTM, Standard D7490--13 Standard test method for measurement 
of the surface tension of solid coatings, substrates and pigments using 
contact angle measurements, Astm, 2013, pp. 1-5. 

[11] Rodríguez, A., Estudio del ángulo de contacto y de la mojabilidad a 
alta temperatura de fases líquidas en la sinterización de metales. Tesis, 
Ingeniería Industrial, Departamento de Ciencia e Ingeniería de 
Materiales e Ingeniería Química, Universidad Carlos III, Madrid, 
España, 2010. 

 
 
L.M. Hoyos-Palacio, es Ingeniera Química de la Universidad Nacional de 
Colombia sede Medellín. En el 2011 se graduó de Doctora en Ingeniería en 
la Universidad Pontificia Bolivariana de Medellín.  Es evaluadora  de  
proyectos de Colciencias, actualmente es investigadora adscrita al grupo de 
investigación de nuevos materiales de la Universidad Pontificia Bolivariana 
y docente titular de la maestría y el doctorado en ingeniería en la UPB. Ha 
sido autora y coautora en diversas publicaciones en revistas científicas a 
nivel nacional e internacional y ha participado como conferencista y ponente 
en eventos a nivel internacional.  
ORCID: 0000-0003-2430-8504. 
 
E.E. Espinel-Blanco, ingeniero Mecánico de la Universidad Francisco de 
Paula Santander de la ciudad de Cúcuta en Colombia en el año 2004, 
Magister en ingeniería de la Universidad EAFIT de medellin Colombia. En 
el año 2016 inicia su doctorado en ingeniería en la Universidad Pontifica 
Bolivariana en Medellín, Colombia. Es docente asociado al departamento de 
ingeniería mecánica de la Universidad Francisco de Paula Santander Ocaña 
e investigador asociado clasificado por Colciencias adscrito al grupo de 
investigación y desarrollo en ingeniería (GITYD), ha publicado diversos 
artículos en revista indexadas y participado como ponente en diversos 
eventos académicos a nivel internacional.  
ORCID: 0000-0003-4479-2874. 
 
N.J. Escobar-Mora, Es Ingeniero Mecánico de la Universidad INCCA de 
Colombia y Magister en Ingeniería de la Universidad de los Andes de 
Bogotá. Profesor titular de la Universidad Pontificia Bolivariana sede 
Medellín e investigador senior de Colciencias. Se ha desempeñado como 
coordinador del grupo de investigación en bioingeniería de la UPB y como 
líder de línea de ingeniería clínica. Es autor y coautor de artículos publicados 
en revistas científicas y ha participado como ponente en eventos a nivel 
internacional.  
ORCID: 0000-0001-9681-3089. 
 
M.F. Sarmiento-Gaviria, Ingeniero Mecánico de la Universidad Francisco 
de Paula Santander de la ciudad de Ocaña, Colombia, en el año 2017 
comienza estudios de maestría en materiales de ingeniería en la Universidad 
Pontifica Bolivariana en Medellín, Colombia. Co-Investigador adscrito al 
grupo de  investigación y desarrollo en ingeniería (GITYD) del 
departamento de ingeniería mecánica de la Universidad Francisco de Paula 
Santander en Ocaña. Ha trabajo en el proyecto para el desarrollo de 
materiales para aplicaciones biomédicas y ha participado como ponente en 
eventos a nivel internacional.  
ORCID: 0000-0002-4259-6960. 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

Área Curricular de Ingeniería Mecánica 

Oferta de Posgrados 

Doctorado en Ingeniería - Mecánica y 
Mecatrónica 

Maestría en Ingeniería - Ingeniería 
Mecánica  

Especialización en Mantenimiento 
 

Mayor información: 
 

E-mail: acmecanica_med@unal.edu.co  
Teléfono: (57-4) 4259262 

 



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /PageByPage

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends false

  /DetectCurves 0.1000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize false

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages false

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages false

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages false

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /ESP <>

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [4000 4000]

  /PageSize [612.284 790.866]

>> setpagedevice



