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 The purposes of this research were to investigate the synthesized Nylon-6 

nanofibers using electrospinning technique and their characteristics. The 

method used in this study was an experimental method with a quantitative 

approach. Nylon-6 nanofibers have been produced using the electrospinning 

method. This fiber was made with different concentrations, i.e. 20% w/w 

(FN1), 25% w/w (FN2), and 30% w/w (FN3). The SEM results show that the 

morphology of all nylon-6 nanofibers) forms perfect fibers without bead fiber. 

Increasing fiber concentration from 20% w/w to 30% w/w results in bigger 

morphology and fiber diameter. The dimensions of the FN1, FN2, and FN3 

fibers are 1890 nm, 2350 nm, and 2420 nm, respectively. The results of FTIR 

analysis showed that the increase in the concentration of nylon-6 (b) and the 

electrospinning process caused a peak shift in the amide II group (CH2 bond), 

the carbonyl group and the CH2 stretching of the amide III group from small 

wave numbers to larger ones. The results of XRD characterization showed 

that the electrospinning process affected the changes in the XRD pattern of 

nylon-6 nanofiber (FN1, FN2, and FN3) in the state of semi crystal. Nylon-6 

nanofibers can be used for applications in medicine, air filters, and electrode 

for capacitors. 
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INTRODUCTION 

The development of nanotechnology is 

currently growing rapidly, one of which is 

nanofiber technology. Several methods for 

producing nanofibers are Drawin, template 

synthesis, phase separation, self-assembly, 

and electrospinning (Almetwally et al., 2017; 

Sriyanti et al., 2018). The Electrospinning 

method is one of several methods of making 

a nanometer to micrometers-sized polymer 

fibers (Shi et al., 2015; Edikresnhaet al., 

2019). This is a simple and inexpensive 

method to produce nanofibers. To produce 

nanofibers, physics principles are used in the 

electrospinning method, which is by utilizing 

the Coulomb force due to free charge or ions 

on the surface of a polymer solution, so that 

when subjected to potential differences or 

very high voltage, this charged polymer 

solution can be attracted to the collector and 

forming polymer fibers (Pillay et al., 2013; 

Sriyanti et al., 2018). The morphology and 

size of the fibers produced can be adjusted by 

changing the parameters of the device, such 

as electrical voltage, needle tip distance with 

the collector, needle shape, polymer solution 

flow rate, and collector geometry, or by 

changing the polymer solution parameters, 

including conductivity, viscosity, and 

voltage surface (Matabola& Moutloali, 2013; 

Sriyanti et al., 2016; Sriyanti et al., 2017). 

The electrospinning method is also a simple, 

http://ejournal.radenintan.ac.id/index.php/al-biruni/issue/view/457
https://doi.org/10.24042/jipfalbiruni.v9i1.5747
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easy, and inexpensive technique for 

producing nanofibers (Suwantong & 

Pankongadisak, 2014). The Nanofiber 

membranes can be applied to drug-carrying 

systems (Sriyanti et al., 2017), wound 

dressing (Aruan et al., 2017; Dai et al., 2012), 

cosmetics (Opanasopit et al., 2011; 

Samprasit et al., 2015), and capacitors (Gao 

et al., 2013; Ismar et al, 2018). 

Many polymers can be used as carrier 

matrix in the electrospinning technique. In 

this study, we use nylon-6 to produce 

nanofibers. Nylon-6 was chosen because it is 

easily spun (electrospinning), and can 

dissolve in polar and nonpolar solvents (An 

et al., 2017; Kang et al.,  2012). Nylon-6 

nanofiber membranes have been widely used 

as aerosol filtration media and filters because 

they can produce uniform fibers, have good 

mechanical properties, low density, and high 

porosity (Parlay et al., 2019). In the dry state, 

nylon-6 is shaped like a bead, while in the 

form of a solution, it thickens. If exposed to 

water, the nylon-6 solution will be shaped 

like thick plastic. Several studies related to 

nylon-6 nanofiber are nylon-6/graphene for 

the removal of Cr (VI) adsorption (Parlay et 

al., 2019) and preparation of multi-layer 

nylon-6 nanofibers (Yu, 2018). However, 

Nylon-6 nanofibers produced using the 

electrospinning method with different 

concentrations and analysis of nanofibers 

characteristics (morphology, X-Ray 

Diffraction (XRD) and Fourier transform of 

the infrared spectrophotometer (FTIR) are 

found rarely. 

In this study, the researchers synthesized 

Nylon-6 nanofibers using electrospinning 

technique and characterized the Nylon-6 

nanofiber. The morphology and structure of 

the NF1, NF2, and NF3 nanofibers were 

analyzed by scanning electron microscope 

(SEM), XRD, and FT-IRof the nanofibers 

were investigated. The effect of increased 

PAN concentrations of nanofibers on 

morphology, structural changes, and 

molecular interactions of nanofibers was 

evaluated. The membrane of nylon-6 

nanofibers can be used for applications in 

wound dressing, air filters, and electrode for 

capacitors. 

 

METHODS 

The method used in this study was an 

experimental method with a quantitative 

approach. The electrospun of nylon-6 

nanofibers at the Laboratory of 

Instrumentation and Nanotechnology 

Applications, Faculty of Computer Science, 

Universitas Sriwijaya. The characterization 

of Scanning Electron Microscope (SEM), the 

Fourier-Transform Infrared (FTIR),  and the 

X-ray Diffractometer  (XRD) from nylon-6 

nanofibers at Faculty of Mathematics and 

Natural Sciences (FMIPA), Universitas 

Sriwijaya.The Research duration of six 

months. 

 

Material 

The material used to produce the nylon-6 

membrane was one that has a density of 

1,084 g/ml and a melting point of 229.50C 

obtained from Sigma-Aldrich. The solvent 

used was formic acid obtained from 

Bratachem, Indonesia. 

 

Preparation of Nylon-6 Solution 

The nylon-6 precursor solution was made 

with various variations of polymer 

concentrations, i.e. 20% w/w (FN1), 25% 

w/w (FN2) and 30% w/w (FN3). To prepare 

the solution, nylon-6 polymer and formic 

acid solvent were weighed according to the 

variation of each concentration. The nylon-6 

precursor solution is stirred with a magnetic 

stirrer with a rotational speed of 500 rpm for 

4 hours at room temperature so that a 

homogeneous solution is obtained. The 

homogeneous nylon-6 solution was injected 

into a 10 ml Terumo® injector with a 

diameter of 15 mm, needle length of 38 mm, 

and a needle diameter of 0.8 mm. 
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Figure 1.The Illustration of Electrospinning Process 

in the ExperimentsNylon-6 (Jauhari et a, 

2019) 

 

The illustration of the electrospinning 

process in this study is shown in Figure 1. 

Nylon-6 fiber was produced using an 

electrospinning machine named Nacriebe 

601 Electrospinning. The electrospinning 

process optimum parameters used to produce 

Nylon-6 fibers are as follows: the voltage is 

17 kV, the flowrate is 15 μL/hour, and the 

distance of the tip of the needle to the 

collector is 10 cm. During the spinning 

process, the collecting drum rotates and is 

positioned at a distance of 10 cm in front of 

the tip of the needle. The temperature and 

humidity of the electric spinner are 

constantly set at 250C and 40-50 %. The 

collector drum used to collect fibers is given 

a cloth base, and aluminum foil sized 18 cm 

x11 cm. The details of variations in the 

nylon-6 concentration are shown in Table 1. 
 

Table 1.Variations in the Concentration of Nylon-6 
 

No Sample Concentration 

1 FN1 20 % w/w 

2 FN2 25 % w/w 
3 FN3 30 % w/w 

 

Characterization of Nylon-6 Nanofiber 

Membranes 

Observations with a Scanning Electron 

Microscope (SEM) were carried out to study 

the surface structure and morphology of 

materials. SEM is an electron microscope 

that has higher magnification compared to 

the optical microscope. The advantage of 

SEM lies in the ease of sample preparation as 

well as on the various signals produced by the 

interaction between the electron beam and 

the sample. The detection and processing of 

these various signals result in a variety of 

data views from the surface of the layer. The 

results of the reflection patterns in this 

process provide information in the form of 

topology and morphology on the surface of 

the sample. Each fiber (FN1, FN2, and FN3 

(synthesized by the electric spinner was 

characterized using SEM JEOL type JSM-

6510LV in Palembang Regional Police. The 

picture is taken at 1000 times magnification 

with a voltage of 15 kV. The images obtained 

from the SEM characterization results were 

analyzed using image processing software 

(Image MIF v.3.0). The normal log 

distribution is used to further analyze fiber 

size and fiber size distribution. 

 

FTIR (Fourier Transform InfraRed) 

Fourier Transform InfraRed spectroscopy 

(FTIR) is a spectroscopy technique that can 

effectively provide information about the 

chemical composition of materials at the 

molecular level. FTIR is used to determine 

the chemical functional groups of organic 

and inorganic compounds (Bunaciu et al., 

2015). In this study, FTIR is used to 

recognize the absorption peaks that 

correspond to the vibrational frequencies 

between the bonding of atoms in a nylon-6 

composite fiber. Measurements were made at 

the Faculty of Mathematics and Science of 

Universitas Sriwijaya at room temperature 

using Bruker Alpha type A220/D-01 FTIR 

spectrometer, which can collect spectral data 

in the spectrum range of 500-4000 w/w-1 with 

a resolution of 4 w/w-1. 

 

X-Ray Diffraction (XRD) 

XRD analysis is used to determine the 

morphology of the crystal and changes in 

crystal structure when it is made into 

nanofiber using the electrospinning method. 

The tool used is the PXRD Bruker D8 

Advance. Samples were analyzed with Cu Kα 
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and Kᵦ radiation at 2θ with a range of 5o to 

60o. The analysis was carried out with a 

generator of 40 kV and 35 mA. 

 

RESULTS AND DISCUSSION 

Nylon-6 Nanofibers IMAGE 

The process of making nylon-6 nanofibers 

using the electrospinning method with a 

rotating collector is shown in Figure 2. The 

device consists of: (1) Syringes in which a 

nylon-6 solution is to be spun. The syringe is 

placed in a pump that will push the solution 

out of the needle. (2) A high voltage source 

connected to the syringe. (3) Rotating 

collector to gather the fiber. In the 

electrospinning process (electric spinning), 

the charge will be induced into the solution 

when the needle is connected to a high 

voltage source. On the surface of the solution 

at the tip of the needle, ions or similar free 

charges that undergo repulsive electrostatic 

force will accumulate. Also, these free ions 

or charges undergo an electric force due to 

the influence of the electric field between the 

needle and the collector. When the resultant 

of these two types of forces exceeds the 

forces that arise due to the interaction of 

intermolecular polymers with solvents, a 

Taylor Cone will appear, then the polymer 

solution will be attracted to the drum 

collector (Jauhari et al., 2019; Kamaruddin et 

al., 2018). An external electric field is used to 

control the jet load coming out of the needle. 

The magnitude of the electric force is FE = 

QE, where q is the electric charge (C), and E 

is the electric field strength (N/C). The 

interaction force between the two charges 

q1and q2 is known as Coulomb's Law, which 

is given by: 

2

21

r

qq
kF =     (1) 

where k is a constant, and r is the distance of 

the two charges. The Taylor cone of nylon-6 

can be seen in Figure 2. 

 

 
 

Figure 2.The Taylor Cone of Nylon-6 Solution 

 

The final process on the way to the 
collector, the solvent molecule evaporates, 

the solution changes its form into solids and, 

at the same time, elongates, then collects on 

the surface of the collector forming fibers 

(Ramakrishna, 2005). Nylon-6 fibers with 

varying concentrations of 20% w/w (FN1), 

25% w/w (FN2), and 30% w/w (FN3) 

collected in a rotating collector can be seen 

in Figure 3. Macroscopically, FN1, FN2, and 

FN3 fibers are visibly white with a smooth 

surface. The effect of the balance of the 

electrospinning process parameters and the 

nylon-6 solution with three variations of 

concentrations (20% w/w, 25% w/w, and 

30% w/w) produce the perfect nylon-6 fiber. 

The results of this study are consistent with 

previous studies in which the balance of 

electrospinning parameters and PVP/CA 

solutions produces perfect and smooth fibers 

(Jauhari et al., 2019). 
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Figure 3. Nylon-6 Nanofibers Image: (a) FN1 Nanofiber, (b) FN2 Nanofiber, and (c) FN3 Nanofiber 

 

Morphology and Size Distribution of 

Nylon-6 Nanofibers 

 

Figure 4 shows the morphology and size 

distribution of FN1, FN2, and FN3 

nanofibers obtained using SEM with 1000 

times magnification. The variations of 

Nylon-6 concentration used in this study 

were 20% (w/w) (FN1), 25% (w/w) (FN2), 

and 30% (w/w) (FN3). The parameters of the 

electrospinning process used in this study are 

as follows: the magnitude of the voltage is 17 

kV, the flow rate is 1 mL/hr, the distance 

between the tip of the needle to the collector 

is 10 cm and the outer diameter of the needle 

is 0.8 mm. The SEM image results in Figure 

4 (a-c) show the FN1, FN2, and FN3 

nanofibers in the form of strands like regular 

hair and free-bead fiber. The regular hair 

fiber can be used for air filter applications 

(Yuxi et al., 2018). There is no bead fiber in 

nylon-6 fiber due to the influence of the 

solution balance and the electrospinning 

process parameter. The bead fiber will form 

in case of the lower viscosity of the solution 

and the presence of other materials in it. 

Solutions with low polymer concentration 

have few polymer chain bonds so that the 

beam is not continuous (intermittent) during 

spinning (Sriyanti et al, 2017) which can 

cause the formation of beads on the fibers. 

However, in this study, the viscosity of the 

nylon-6 solution was higher so that the 

resulting nylon-6 polymer chain could be 

pulled by the electrostatic force to produce 

perfect or free-bead fiber.  At this point, the 

polymer chains have fully been extended and 

the inertial force of beaded form is more 

dominant than the viscous force, which 

causes resistance to form fiber (Sriyanti et al., 

2017; Clasen et al.,  2009; Jauhari et al., 

2019) This research is similar to that carried 

out by (Jauhari et al., 2019; Sriyanti et al., 

2017), where the effect of the polymer chain 

balance (solution construction) produces 

free-bead fiber (Jauhari et al., 2019). Also, 

the absence of other polymer mixtures in the 

nylon-6 solution produces perfect and free-

bead fiber. 
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Figure 4. SEM Images and Diameter Distributions of (a) FN1, (b) FN2 and (c) FN3 Nanofibers 

 

The size distribution of nylon-6 fibers with 

variations in polymer concentration obtained 

(FN1, FN2, and FN3) is shown in Figure 4 (a) 

– 4 (c). For nanofiber FN1 (20% of weight), 

the diameter is distributed from 800 to 3800 

nm with an average diameter (𝐷) of 1890 nm 

and a standard deviation (SD) of 430 nm. The 

rage diameters (D), diameters and standard 

deviations (SD) of FN2 nanofibers (25% w/w) 

are 1000-4000 nm, 2350 nm, and 580 nm, 

respectively. The range, fiber diameter, and 

SD for FN3 nanofiber (30% b/b) are 1200-

4200 nm, 2420 nm, and 770 nm, respectively. 

Increasing the concentration of polymer can 
increase the size of the diameter of the fiber. 

Fiber diameter has increased from 1890 nm 

for fibers with a polymer concentration of 

20% (w/w) (FN1) to 2420 nm for fibers with 

a polymer concentration of 30% (w/w) (FN3). 

That is because the higher the concentration of 

the polymer will increase the chain of polymer 

chains in the solution so that more polymers 

can be spun (Shenoy et al., 2015; Vongsetskul 

et al., 2015). Also, an increase in the 

concentration of the polymer (which means 

less amount of the solvent) causes the solvent 

to dry faster so that less time is needed by the 

Columb force to stretch the fiber to produce a 

larger fiber diameter. This finding is similar to 

recently reported research for PVP/CA 

(Jauhari et al., 2019), PVP/GME(Sriyanti et 

al., 2018; 2017), and PVP/curcumin  2015). 

The coefficient of variance (CV) is 

standard. A distribution is homogeneous if it 

has a standard deviation ratio with an average 

fiber diameter of less than 0.3  2016). In this 

research, the diameter of Nanofiber FN1, 

FN2, and FN3 was 0.26, 0.28, and 0.27, 

respectively. The results of this CV indicate 

that the distribution of FN1, FN2, and FN3 

fibers is homogeneous. High voltage does not 

affect the jet balance or does not produce a lot 

of side jets so that the fiber diameter is 

homogeneous. 

 

Characteristics of Nanofiber through the 

Fourier-Transform Infrared (FTIR) 

Process 

 

The nanofibers that have been produced are 

then characterized through the Fourier-

Transform Infrared (FTIR) process. The 

purpose of the FTRI test is to identify 

functional groups, and the peak is shown in 

Figure 5. The peak in the wave range between 

3000 – 3600 𝑐𝑚−1 shows the sharp peak at 

wave number 3303𝑐𝑚−1 (FN1), 3305𝑐𝑚−1 

(FN2) and 3317𝑐𝑚−1 (FN3) which is an amide 
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group including stretching the NH bond (NH 

stretching)(Kang et al., 2012). Other peaks 

appear at wavenumbers 2942, 964 𝑐𝑚−1 

(FN1), 2944,893 𝑐𝑚−1 (FN2), dan 2950,678 

𝑐𝑚−1 (FN3) which was identified as stretching 

the CH2 bonds of the amide II group (Kang et 

al., 2012). The presence of stretching of C=O 

bond (carbonyl group) is shown for samples 

FN1, FN2, and FN3, which can be seen from 

sharp peaks at wavenumber 1637,337 𝑐𝑚−1, 

1639,266 𝑐𝑚−1, dan 1645,052 𝑐𝑚−1, 

respectively. The next peaks that appear at 

wave numbers 1268 (FN1), 1268 (FN2) and 

1269 (FN3) are identified as CH2 stretching of 

the amide III group, whereas in FN1, FN2 and 

FN3 the peak is at the wave number 1465, 697 

𝑐𝑚−1, 1465,697 𝑐𝑚−1 and 1490,768 𝑐𝑚−1 

respectively. The peaks identify the CH bond 

(Kang et al., 2012; Parlay et al., 2019).  

The influence of the electrospinning 

process and the increase in the concentration 

of nylon-6 polymers (in weight) causes a shift 

in the peak in the amide group, including 

stretching the N-H bond (N-H stretching) to a 

higher wavenumber. Wave magnification also 

occurs in the amide II group (CH2 bond), the 

carbonyl group, and the CH2 stretching of the 

amide III group from smaller wave numbers 

become larger. The displacement of the 

carbonyl stretching peak and other peaks are 

considered as a result of interactions between 

the Nylon molecules caused by the electric 

spinning process. In addition to the 

electrospinning process, the higher formic 

acid content causes the amide peak to be 

sharper and more visible to occur around 3000 

– 3600 cm-1. 

 

 
 

Figure 5. FTIR spectra of (a) FN1 Nanofiber, (b) FN2 Nanofiber, and FN3 Nanofiber 

 

 

XRD Characterization of Nylon -6 

Nanofiber 

Characterization of X-ray diffraction is 

used to see the interaction of Nylon-6 

molecules and solvents by looking at changes 

in crystallinity that occur. The pattern of XRD 

analysis results from nanofiber FN1, FN2, and 

FN3 are presented in Figure 6. The nanofiber 

FN1 diffraction pattern has two sharp peaks at 

an angle of 2θ, namely 16.760, and 24.320, 

while the other pattern shows a broad halo 

pattern. The diffraction pattern of FN2 
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nanofiber has four sharp peaks at an angle of 

2θ, namely the first peak of 14°, the second 

peak of 16.9°, the third peak of 18.1° and the 

fourth peak of 21.2°. While the diffraction 

pattern on FN3 nanofiber has four sharp edges 

at position 2θ, namely 16°, 20.9°, and 24.6°. 

These peaks indicate that the nylon-6 

molecular diffraction pattern is a semi crystal 

pattern (Mehran &  Mojtaba, 2011). 

According to Kayaci (2012), the pure 

nylon-6 XRD pattern is Crystal (Kayaci et al., 

2012). However, in this study, the nylon-6 

XRD nanofiber pattern became semi crystal. 

These observations show that nylon-6 is no 

longer present as a crystalline pattern but turns 

into semi crystal. This change in the structure 

of nylon-6 may have been caused by the 

spinning process. 

 

 
Figure 6.X-ray diffraction of (a) FN1 nanofiber, (b) 

FN2 nanofiber, and (c) FN3 Nanofiber 

 

The main reason for this finding is 

amorphization during the electric spinning 

process. When the precursor solution is 

attracted to the collector and is stretched out, 

the liquid changes into a solid. During the 

process of transformation, the solvent 

molecules evaporate, while the polymer 

molecules remain bonded to each other, but 

the bonds become stronger. This process is 

influenced by ionic motion, which is 

accelerated by an electric field and takes place 

so fast that the nylon-6 molecules do not have 

time to be oriented in such a way as to form a 

crystal structure.  (Sriyanti et al., 2017; 2018; 

Jauhari et al., 2019). The same thing has also 

been reported by Dai (2012) in the spinning of 

PVP/Emodin in which the influence of the 

electrospinning process has resulted in 

emodin XRD diffraction patterns, which 

initially had crystalline patterns become 

amorphous or semi crystal patterns (Dai et al., 

2012). 

 

CONCLUSION AND SUGGESTION 

Nylon-6 nanofiber has been successfully 

made with three variations of construction, 

namely 20% w/w (FN1), 25% w/w (FN2), and 

30% w/w (FN3) using the electrospinning 

method. To produce nylon-6 nanofiber, three 

forces influence the process, namely Columb 

force, surface tension force, and thrust force. 

Macroscopically, the result can be seen in the 

form of a white nanofiber of FN1, FN2, and 

FN3 with a smooth surface. The SEM image 

results show the FN1, FN2, and FN3 

nanofibers are in the form of regular hair 

strands and free-bead fibers. There is no bead 

in the fiber due to the influence of the nylon-6 

solution balance and the electrospinning 

process parameters. Increasing the 

concentration of polymer (weight/weight) can 

increase the size of the fiber diameter. The 

diameters of FN1 nylon fibers (20% w/w), 

FN2 (25% w/w) and FN3 (30% w/w) were 

1880, 2210 and 2400 nm, respectively. The 

influence of the electrospinning process and 

the increase in the concentration of nylon-6 

polymers (in weight) cause a shift in the peak 

in the amide group, including N-H stretching 

to a higher wavenumber. Wavenumber 

enlargement also occurs in the amide II group 

(CH2 bond), the carbonyl group and the CH2 

stretching of the amide III group from smaller 

wave numbers become larger. The effect of 

the electrospinning process resulted in the 

XRD nylon-6 diffraction pattern (FN1, FN2, 

and non-fibrous FN3) changed to a semi 

crystal pattern. 
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