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ABSTRACT

Purpose: In this paper the development of technology for production of copper nanoparticles 
by thermal debinding matrix nanocomposite polymer nanofibers with reinforced of copper 
was reported. Electrospinning technique was used to synthesis composite nanofibers using a 
precursor composed of poly(vinyl alcohol) (PVA), copper acetate (CuAC) and acetic acid (C2H3OH). 
The resulting nanofiber was subjected to a high temperature in order to debinding of the organic 
part. The aim of this study was to attempt to obtain a one-dimensional nanostructured materials.
Design/methodology/approach: The resulting nanostructures have been characterized using 
high resolution scanning electron microscopy (SEM). The influence of debinding conditions on 
one-dimensional nanostructured materials was observed. Research was execute on scanning 
electron microscope. 
Findings: On the basis of carried out researches the impact of the debinding of nanocomposite 
polymer nanofibers on the diameter of obtained nanostructures have been shown. The influence 
of debinding conditions on composite nanofibers were determined.
Research limitations/implications: The research was carried out on technological variants, 
not on final elements.
Originality/value: The paper presents attempt to obtain a one-dimensional nanostructured 
materials. 
Keywords: Electrospinning technique; Debinding, Nanofibers; Nanobranches; Cu nanoparticles
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MANUFACTURING AND PROCESSING

1. Introduction 

The creation of nanomaterials aims to show completely 
new or improved physical, chemical and biological 
properties of already known materials. In practice, better 
and newer products are produced. Moreover, 
nanotechnology is a field which is rapidly growing and has 

enormous potential to affect many areas of science. It is 
very important to get to know the properties and the 
structure of ever newer developing nanostructures which 
are used in materials production addressed directly to the 
consumers. Nanotechnology is currently one of the fastest 
growing areas of science. Actually, every day you can learn 
about a new discovery, material or device that created only 
through the use of technology in this field [1-7]. 

1.  Introduction
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It is known a method for obtaining nanowires in which 
intermediate stage is to obtain a nanofiber reinforced Cu 
crystals, which can take the form of nanoparticles, 
nanobranches, nanobushes and others. 

Due to the shape of the nanostructure can be divided into 
four categories. It can be assumed that the x-dimensional 
nanostructure has a size less than 100 nm in x size. Some of 
them may be marked as 3D and among them you can specify 
for example metals with grain nanometric. There are also 
two-dimensional structures, known as 2D, among which 
graphene and hexagonal boron nitride (hBN). One-
dimensional (1D) structures are for the example: nanotubes 
(hollow structure), nanowires (structures having an aspect 
ratio greater than 10), nanorods (having an aspect ratio less 
than 10) and nanofibers. You can also talk about the 
structures zero-dimensaional (0D), which include quantum 
dots and fullerenes. These structures are only some of the 
most popular at the nanometric scale [8-10]. 

Recently, more and more attention directed to the 
fabrication of one-dimensional (1D) nanomaterials for 
example: nanofibers, nanowires and nanotubes.  The 
nanomaterials show some prominent properties compared 
with bulk materials. Especially, 1D magnetic nanomaterials 
are noteworthy, as the geometrical dimensions of the 
material become comparable to key magnetic length scales. 
Magnetic nanowires are increasingly used for their 
utilization in high-density magnetic recording, magnetic 
sensors and magnetic composites [11-12].

Nanowires have large attention during last decade. 
However, very limited applications in real time which gained 
interest so far due to difficulties encountered in their 
characterization and integration with other materials and 
systems. Moreover, the cost associated with the current 
advanced methods for synthesizing metal nanowires is a key 
obstacle in their commercial use [11-12]. 

The development of nanotechnology has given the ability 
to produce fibers of very low diameter expressed in 
nanometers. They are of considerable length and small cross-
section, at least 100 times less than the length. The 
nanofibers, due to the surface area to mass ratio, have 
different properties than standard fiber, their surface area is 
large and have excellent mechanical properties [13]. 

The most important methods to allow the production of 
polymeric nanofibers are [14]: 
• electrospinning, 
• synthesis by template, 
• pulling, 
• phase separation, 
• molecular self- organization. 

Electrospinning is the most effective method for 
producing nanofibers from the polymer solution flowing from 

the nozzle-collector by the polymer drawing under the strong 
electric field. During electrospinning the polymer solution is 
pumped to the nozzle and is subjected to an electrostatic 
field forces that should the create of the fiber. Important to 
know that exist a minimum concentration for a given 
polymer, termed the critical entanglement concentration, 
below which a stable jet cannot be achieved and nanofibers 
can’t be formed. Shaped fiber moves in the direction of the 
collector with spiral motion along the electrostatic field lines 
reducing its diameter. Initially the polymer solution liquid 
spurt is evaporated under controlled conditions (temperature 
and humidity) what gives almost dry fiber with a diameter 
above 100 nm. The fiber is deposited on a grounded 
collector forming the nonwoven[15-19]. 

There are many methods for producing nanowires. These 
include [20-25]:  
• preparation using porous matrices with electrodeposition 

methods, 
• hot chemical synthesis, 
• solvothermal method,  
• synthesis of the polyhydric alcohols, 
• method of deposition in silicon wafers. 
• method of self-organization.  

It can be seen that there are variety of routes which can 
be used for synthesizing metallic NWs keeping in mind that 
each method has its own benefits and limitations.  
That is why the large scale production of metal nanowires 
for commercial usage has not been made possible due to 
complexities and cost associated in these methods [11-12]. 

2. Materials and methodology  
In order to produce polymer nanofibers the mixture of 

PVA solution in CuAC and C2H3OH mixture, in  
a percentage ratio approximately of 20%: 27%: 53% 
respectively, was prepared. The solution was obtained using 
magnetic stirrer.  

To obtain the nanofibers the electrospinning process was 
applied using Yflow S.500 device. Device for 
electrospinning consists of three major components: a high-
voltage power supply, a metallic needle and a collector. Our 
study shows the selected technological variant. The 
nanofibers were collected on aluminium foil by twenty 
minutes. In order to get rid of the organic part the selected 
variants was sintered in two different ways. Electrospinning 
and heat treatment parameters for selected technological 
variants was presented in Table 1. 

For each technological variant, we used the same process 
conditions. For the technological variant 1 was not applied 
heat treatment. Technological variant 2 was sintered in an 

2.  Materials and methodology
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oven at 475°C without the use of protective atmosphere. 
Technological variant 3 was sintered in furnace at 475°C 
using a protective atmosphere. The protective atmosphere 
used in the technological variant 3 is mixture 10% hydrogen 
and argon. 

After complete evaporation of the solvent, the 
morphology of obtained composite nanofibers was 
characterized by high resolution scanning electron 
microscope (SEM) SUPRA 35, Zeiss.  

By selecting appropriate conditions for the process of 
electrospinning nanofibers of PVA-matrix composite 
reinforced with nanoparticles of Cu without visible defects 
in the form of beads and blur were obtained. EDS analysis 
was done to confirm the presence of Copper.  

Then, the produced nanofiber composite was heat in 
order to get rid of the organic part. For this purpose, using 
different conditions for the debinding process. Schematic 
illustration of the electrospinning and debinding for 
selected technological variants shows Fig. 1. 

Table 1.  
Electrospinning and debinding parameters for selected technological variants  

Technological 
variant 1 

Technological 
variant 2 

Technologica
l variant 3 

Electrospinning parameters 
distance between the electrodes [cm] 10 

solution flow rate [ml/h] 0.5 
differential voltage at the nozzle and 

the collector [kV]
20 

Debinding parameters 

temperature [°C] 

- 

475 
time [h] 2 

composition of the protective 
atmosphere in the debinding furnace

- 10% H + Ar 
cooling medium in air with the 

furnace

Fig. 1. Schematic illustration of the electrospinning and debinding for selected technological variants 
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3. Results 
 The experiment was conducted in order to obtain 
different morphological forms of nanocopper. This paper 
describes the synthesis and morphology of nanostructures 
obtained by the process of electrospinning, and followed by 
debinding without and with a suitable protective atmosphere. 

a) 

b) 

c) 

Fig. 2. Technological variant 1 - nanofibres produced by 
electrospinning: a) magnification 5000x, b) magnification 
50000x, c) EDS analysis - nanofibers collected on 
aluminium substrate 

a) 

b) 

c) 

Fig. 3. Technological variant 2 - obtained nanofibers was 
sintered at 475°C without protective atmosphere: a) 
magnification 20000x, b) magnification 30000x, c) EDS 
analysis of obtained nanostructures 

 The obtained composite nanofibers are shown in Fig. 2. 
Figures 3 and 4 shows the nanostructures after debinding 
electrospun nanofibers. 

3.  Results
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a) 

b) 

c) 

Fig. 4. Technological variant 3 after debinding at 475°C in a 
protective atmosphere of mixture of hydrogen and argon 
(10% H + Ar): a) magnification 20000x, b) magnification 
100000x, c) EDS analysis of obtained nanostructures

a) 

b) 

c) 

Fig. 5. Measurements of the diametes of obtained 
nanostructures: a) nanofibers, b) nanobranches, c) 
nanoparticles. 
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Al signals represents the substrate on which the 
technological variants were collected. Ag signals 
originate from the conductive layer that was deposited on 
the technological variant prior to a scanning electron 
microscope (SEM) investigation.  

Using the DigitalMicrograph determined diameters of 
obtained nanostructures (Fig. 5). For each technological 
variants, measurements were made several tens of 
randomly selected nanofibers (Fig. 5a), nanobranches 
(Fig. 5b), nanoparticles (Fig. 5c). 

The diameter for 20% of the nanofibers is maintained at a 
constant level 160nm. Almost 25% of the resulting 
nanobranches have a diameter 60nm. Resulting nanoparticles 
are highly variable diameters and for 12% it amounts to 
45nm. The average of the diameters for selected 
technological variants was presented in Table 2. 

Table 2. 
The average of the diameters of the obtained 
nanostructures 

Technologica
l variant 1 

Technological 
variant 2 

Technological 
variant 3 

Diameter [nm] 145 86 98 

4. Discussion 

This article describes the synthesis and morphology of 
nanostructures obtained by the process of electrospinning, 
and followed by debinding without and with a suitable 
protective atmosphere. 

The obtained one-dimensional nanostructures are 
shown in Figs 1-3. By selecting appropriate conditions for 
the process of electrospinning nanofibers obtained PVA-
matrix composite reinforced with nanoparticles of Cu 
without visible defects in the form of beads and blur. As a 
result of the process of electrospinning the obtained one-
dimensional nanostructures (1D) with an average 
diameter of 145 nm (Fig. 1). 

The resulting nanofibers were subjected to two different 
processes. Technological variant 2 (Fig. 2) was obtained by 
debinding for two hours at 475°C without any protective 
atmosphere. Technological variant 3 (Fig. 3) was obtained 
by the debinding process for two hours at 475°C using a 

protective atmosphere of mixture of hydrogen and argon 
(10% H + Ar). 

The resulting nanostructures obtained by debinding of 
composite nanofibers at a temperature of 475°C without 
modified atmosphere for two hours have an average 
diameter of 86 nm. Technological variant 2 shows the 
one-dimensional nanostructures (1D) in the form of 
nanobranches. EDS analysis confirmed that the resulting 
copper nanostructures (Fig. 2c). The selected heat 
treatment applied to the Technological variant 2 made it 
got rid of the organic part (PVA) and caused that copper 
particle have agglomerated to form a shape similar to the 
nanobranches. The resulting inhomogeneous 
nanobranches have diameters almost twice lower than the 
nanofibers.  

As a result of the debinding of nanofibers at 475° C 
for two hours with a protective atmosphere consisting of  
a mixture of hydrogen and argon (10% H + Ar). 
Technological variant 3 shows the nanostructures in the 
form of copper nanoparticles with an average diameter of 
98 nm, which is confirmed by EDS analysis (Fig. 3c). 

Selected heat treatment in Technological variant 3 
made it got rid of the organic part as previously and 
allows to obtain the heterogeneous nanoparticles with a 
diameter of lower than the nanofibers, but higher than the 
nanobranches. Protective atmosphere of argon and 
hydrogen mixture caused that copper particles grown and 
finally their average diameter is 98 nm. 

It is expected that optimization of debinding 
conditions make it obtains a dendritic copper nanowires. 
The results of performed investigation indicate that the 
type of heat treatment had a significant impact on the 
structure of the obtained nanomaterials. 
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