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Abstract
In this work, new electrically conductive composite filaments are developed for the fabrication of conductive paths, 3D 
printed with FDM technology. These composite materials consist of electrically conductive copper powder and a polymer 
matrix. The influence of three different polymers (ABS, PLA, PS) on the electrical properties of the composites was exam-
ined. Electrical measurements of the composite filaments with the increasing copper powder concentrations, allow identifying 
the percolation threshold for elaborated composites. Results show that the lowest resistivity (0.156 × 10−5 Ωm) was achieved 
for the ABS/Cu composite at the 84.6 wt% Cu concentration. The obtained resistivity values are much lower than for other 
conductive composites and nanocomposites filaments reported in the literature. Voltage-current characteristics determined 
for each composite material showed that composites have Ohmic characteristics in low voltage regime. At high voltage 
regime, the electrical power dissipated in the composites caused a rapid increase in temperature. It was discovered that a 
polymer matrix influences the maximum value of the electrical power that can be dissipated in the filament before losing 
electrical conductivity. Examples of conductive 3D printed structures made from elaborated composites are also presented.

1 Introduction

Additive manufacturing also called three-dimensional print-
ing is a new manufacturing trend involving the fabrication of 
3D objects directly from digital models. In recent years, 3D 
printing technology evolved rapidly, partially replacing and 
supplementing traditional manufacturing methods. Additive 
manufacturing is nowadays widely used in many manufac-
turing sectors from aerospace and the automotive industry to 
bioengineering and architecture [1–6]. Additive techniques 
offer a wide range of applications, suited in terms of produc-
tion cost, minimum printing resolution, and the type of used 
materials [7, 8]. The most popular 3D printing techniques 
are stereolithography (SL), selective laser sintering (SLS), 
PolyJet and fused deposition modeling (FDM). PolyJet and 
SL techniques demonstrate very high printing resolution 

(below 20 µm) but these methods use relatively expensive 
machines and advanced photosensitive resins [9, 10]. On the 
other hand, the FDM technique is widely used due to process 
simplicity, low costs equipment, accessibility of materials 
and acceptable printing resolution (down to 50 µm) [11].

In FDM technique, the feedstock is in the form of a fila-
ment made of thermoplastic polymer. The filament is ther-
mally melted (fused) inside a tube heater at a temperature 
above the melting point, extruded through the nozzle and 
deposited on to the build platform, in layer by layer manner. 
The FDM technology is used primarily to create low-cost 
prototypes in the production process. Thanks to the develop-
ment of new materials, this technology is incorporated into 
the fabrication process of functional elements or to create 
customized products, that often cannot be made with tradi-
tional techniques, with the specific shape or color, depend-
ing on customer requirements [12, 13]. At this moment the 
availability of functional filaments is still limited so there is 
a need to develop new materials, including composite mate-
rials, with properties suited to the application.

On the other hand, we are dealing with the new trend 
in manufacturing, called structural electronics, involving 
electronic and electrical components, and circuits incorpo-
rated in the volume of protective or load-bearing structures, 
housing elements etc [14]. In order to enable the fabrication 
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of advanced products, low-cost, and adaptable functional 
materials for FDM and other 3D printing techniques are nec-
essary to develop. The main difficulty in the development 
of composites is the influence of a vast range of parameters 
on the final properties of the material and printed element. 
The material type and morphology of functional filler as 
well as the type and structure of the polymer matrix have an 
enormous impact on the properties of the composite [15]. 
In literature, we find experiments towards conductive com-
posites with a graphene [16, 17], carbon black [18], carbon 
nanotubes [19] as a conductive filler. Such materials do not 
allow to achieve a low electrical resistivity of the filaments. 
Reposted results for composites filaments with graphene 
shown resistivity around  102 Ωm [17], with carbon black—
10−1 Ωm [18] and with carbon nanotubes  10−2 Ωm [19]. 
The main advantage of using metallic powder as a filler is a 
higher electrical conductivity of the functional filler, what is 
directly influencing the conductivity of the final composite. 
Resistivity values in the range of  10−3–10−6 were reported in 
the literature for Ni/SiO2 and PEG/Ag composites [20, 21]. 
Electrically conductive composite filaments can be used in 
various fields of technology, for example in the production 
of supercapacitors, electromagnetic interferences shielding, 
printed antennas, sensors etc [18, 22]. Moreover, conven-
tional polymer filaments and conductive filaments can be 
integrated together into the 3D printing process to make 
multi-material parts [23]. This offers the possibility to create 
electrical circuits, sensors, and elements inside 3D printed 
objects, fabricated in one process, on one machine.

The alternative approach used for fabrication of the 
structural electronics is to use single material FDM printers 
equipped with the additional printing head used to deposit 
conductive ink. The load structure of the element is printed 
from polymers and conductive paths are fabricated with 
Direct Write deposition using highly conductive, low-vis-
cosity, silver-based inks. Printed conductive elements are 
cured at 90 °C to achieved final conductivity. Such hybrid 
FDM/DW printers are offered as commercial equipment by 
Voltera, Voxel 8 and V-One, introducing this hybrid technol-
ogy with specialized, high-cost printers [24–26].

In this paper, we present the elaboration and evalua-
tion of electrically conductive filaments based on copper 
powder as the functional phase and three different types 
of polymers used as matrix. Such composite filaments can 
be directly used in standard off-the-shelf FDM printers, to 
fabricate electrical circuits and other conductive electronic 
structures. It is important to evaluate the influence of the 
polymer matrix on the electrical properties of the filament 
and to measure current–voltage characteristics to discover 
the maximum power dissipated in the developed filaments, 
and its influence on the electrical properties. Furthermore, 
3D printed demonstrators, a simple electrical circuit and 

human interface device (HID) printed with developed mate-
rials were presented.

2  Experimental procedure

2.1  Materials

In order to fabricate a conductive composite filament for 
use with an FDM 3D printer, two main materials need to 
be incorporated: a conductive phase and a thermoplastic 
matrix. For the conductive phase, copper micropowder 
filler was chosen, purchased from Makin Metal Powders. 
The purity of the copper powder was above 99% accord-
ing to the datasheet. Metal was subjected to particle size 
analysis on a Malvern machine to evaluate the grain size 
distribution (Fig. 1). The average diameter of the filler par-
ticles was 57 µm. The shape of copper powder particles is 
shown on SEM picture (Fig. 2). Copper micropowder was 
chosen as filler due to its good electrical conductivity and 
widespread availability. The conductivity of the bulk copper 
is 5.96 × 107 S/m so using this material as a filler we should 
be able to develop highly conductive composite filaments.

Fig. 1  Particle size distributions of copper powder

Fig. 2  SEM picture of copper powder particles



1238 Journal of Materials Science: Materials in Electronics (2019) 30:1236–1245

1 3

To achieve good printability of composite filament, sev-
eral thermoplastic polymers were chosen for the matrix 
material. Acrylonitrile butadiene styrene (ABS) polymer 
was chosen as the first matrix material, while it is a very 
popular and widely used polymer in FDM technology with 
good mechanical properties. The glass transition tempera-
ture of ABS is around 105 °C. Based on the supplier data-
sheet, the polymer density is 1.05 g/cm3.

Second polymer matrix used in the experiments was poly-
lactic acid (PLA). It is a second, most popular polymer used 
in 3D printing. PLA is biodegradable and biocompatible 
thermoplastic aliphatic polyester with a melting temperature 
of around 150 °C and glass transition around 60 °C. PLA has 
also the highest density of 1.24 g/cm3 comparing to 1.05 g/
cm3 for other used polymers.

Third used polymer for composite matrix was polystyrene 
(PS). It is a synthetic aromatic hydrocarbon polymer with 
a melting temperature of around 240 °C and a glass transi-
tion temperature of around 100 °C. The polymer density is 
1.05 g/cm3 according to the datasheet.

All of the used polymer materials exhibit properties 
adequate for the extrusion process of obtained composite 
filaments on a standard FDM printer, without additional 
modification of extruder, hot-end or hot-bed.

2.2  Methods

To choose the appropriate filler ratio of the copper micro-
powder in the polymer matrix, two major effect needs to be 
evaluated: the percolation threshold influencing the electri-
cal resistivity, and rheology influencing the viscosity. The 

percolation threshold is minimum filler content in the poly-
mer matrix after which the properties of the composite rap-
idly change from dielectric to conductive. When percolation 
threshold is reached, the number of conductive paths and 
networks rise and resistivity of composite decreases. How-
ever, the amount of filler must be at low enough level so as 
to enable the filament to be extruded through printer nozzle. 
The optimal amount of copper powder must be obtained to 
comply with both conditions.

All composites were prepared by a two-stage solvent 
assisted processing method. The first stage consists of dis-
solving the polymer in a suitable organic solvent and mix-
ing the metal filler with the obtained polymer solution. 
Afterward, the solvent is evaporated. The solvent used for 
polymers were: acetone for ABS, toluene for PS, and chlo-
roform for PLA (Fig. 3). Solvent assisted processing method 
is preferable for this application over thermal plastification 
of polymer to reduce the thermal degradation of the polymer 
[27–29].

The samples were weighed using a Precisa 125A labora-
tory scale. 20 g of each polymer was used to prepare the sol-
vent solution, with 40 ml of solvent added to each polymer 
sample and left overnight at room temperature to dissolve. 
The obtained polymer solution was mixed with a copper 
powder filler. Materials were mechanically mixed to achieve 
a homogeneous composition, poured into glass containers 
and placed in the heating oven at 90 °C for 2 h for the evapo-
ration of the solvent.

Afterward, the resulting polymer composites were 
mechanically pelleted. To make the 3D printing filament, 
composite pellets were extruded on the specially adapted 

Fig. 3  Solvent assisted processing method diagram
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laboratory equipment in the hot mixing extrusion process. 
The single screw extruder machine (Fig. 4) with two heating 
zones was used to extrude filaments. Most popular filament’s 
diameters used in FDM technology are 1.75 mm and 3 mm. 
In our research, we decided to use 1.75 mm diameter fila-
ment to achieve stable thermal distribution in whole filament 
volume while printing. In the result the diameter of extruded 
filaments varied from 1.7 to 1.8 mm (Fig. 5). This range of 
diameters is good enough to print proper elements using 
standard FDM printer.

Depending on the polymer matrix, different extrud-
ing temperatures were used for each zone, summarized in 
Table 1. Higher temperature values caused the extruded fila-
ments to be brittle, what is related to the thermal degradation 
of the polymer. Such materials could not be used in the 3D 
printing process and were eliminated from further experi-
ments. On the other hand, below the selected temperature 
regime, there is a problem with the plastification of the poly-
mer matrix and the extrusion process is impossible.

3  Results and discussion

3.1  Resistivity measurements

DC resistivity measurements were carried out using a four 
point method (Fig. 6). The resistance measurements were 
performed using an Escort 3145A multimeter on 10 cm fila-
ment sections with an average diameter of 1.75 mm. Due to 

the possible problems with high contact resistivity, a silver 
paste (DuPont 7145L) was used on the measurements con-
tact points for lower contact resistance.

Each filament was measured in 30 randomly chosen frag-
ments. Samples with resistance values above 200 MΩ were 
considered as non-conductive. To determinate the effect of 
the addition of copper powder to the polymer matrix, the 
volume resistivity � of each composite filament was calcu-
lated according to the equation below:

where ρ is the volume resistivity, R is the resistance of 
filament, S is the cross-sectional area and l is a length of the 
measured section of the filament.

� =
RS

l

Fig. 4  Schematic diagram of a single screw extruder

Fig. 5  Composite filament dur-
ing extrusion (a) and prepared 
composite filament after extru-
sion (b)

Table 1  Extruding temperatures

Polymer matrix Heating zone 1 (°C) Heating 
zone 2 
(°C)

ABS 150 170
PLA 110 130
PS 110 130

Fig. 6  Schematic of four point resistance measurement
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The influence of the amount of copper powder filler on 
the resistivity of the composite for all used polymers is pre-
sented in Fig. 7.

It is evident that the resistivity of filaments rapidly 
decreases with the increasing loading of filler. This indicates 
the formation of a large number of conductive paths, which 
is typical percolation phenomena. Change in the resistivity 
strongly depends on the type of polymer matrix. For each 
examined composite, different amount of copper powder 
is necessary to reach the percolation threshold. This is a 
typical dependence of the matrix material on the percola-
tion threshold observed in other composites, regardless of 
the functional phase material [30]. After exceeding percola-
tion threshold value, resistance stabilizes and we observe a 
plateau, regardless the further addition of conductive filler. 
The lowest measured resistivity was for ABS/Cu composite 
and highest for PS/Cu composite (Table 2).

It is also observed that resistivity of composites with an 
equal amount of copper powder strongly depends on the 
matrix polymer type. This is due to different polymer resis-
tivity itself. The most noticeable is higher resistivity of PS/
Cu composite even after reaching the percolation threshold. 
In literature can be found that resistivity values of PLA and 
ABS are similar and it is around  1012–1011 Ωm [13, 31]. 
Resistivity value of PS is definitely higher, around  1016 Ωm 
[32]. As that on the properties of composites affects both the 
filler and the matrix properties, it is obvious that PLA/Cu 

and ABS/Cu filaments will have similar electrical properties 
and PS/Cu will have noticeable worse electrical properties 
assuming a comparable ratio of filler and polymer.

Measured resistivity values for copper-based compos-
ite filaments are satisfyingly low compared to other com-
posites we found in the literature. Resistance value above 
0.1 × 10−2 Ωm for composite with carbon nanotubes as filler 
[19, 33], above 0.1 × 10−1 Ωm for composite with carbon 
black [23, 34], above 0.2 × 10−2 Ωm for composite with gra-
phene oxide [35] are reported. The developed composites 
have also lower resistivity comparing with other metal-based 
composites: above 0.8 × 10 Ωm−1 for copper-based compos-
ite [36, 37] and around 0.17 Ωm for composite with nickel 
powder [36].

For each type of polymer matrix, one filament with opti-
mal resistivity value was chosen to measure current–volt-
age characteristics—ABS/Cu with 81.8 vol%, PLA/Cu with 
82.5 vol% and PS/Cu with 85.5 vol% of copper powder. All 
chosen filaments reach percolation threshold and using 
composites with a bigger amount of copper did not affect 
the electrical properties in a significant way. Measurements 
were carried out using two HM8112-3 Hameg multimeters, 
set as voltmeter and as ammeter, and Rigol DP832A power 
supply. I–V measurements show that all filaments have an 
Ohmic characteristic, which means that the relationship of 
the current and voltage is linear and corresponds to Ohm’s 
law (Fig. 8). Similar, Ohmics, I–V characteristics are typical 
also to other composites with the carbon nanotube [38]. Dur-
ing the measurements, there was also notice that the PLA/
Cu composites are the least thermally stable, and the current 
values have a larger measuring spread compared to PLA 
and ABS-based composites. Characteristic of this material, 
however, is the typical conductor characteristic.

3.2  Maximum power dissipation measurements

The resistance of composite filaments was also measured at 
the higher voltage values (different for individual compos-
ites) until a significant increase in temperature, plasticization 
and permanent damage of measured filaments. Filaments 
with optimal resistivity were chosen for measurements—
ABS/Cu with 81.8 vol%, PLA/Cu with 82.5 vol% and PS/
Cu with 85.5 vol% of copper powder. We observed that 
each composite with different polymer matrix can dissi-
pate different maximum value of electrical power. Above 
the sudden value of supply voltage, the temperature of the 
filament increases rapidly and polymer composite softens. 
At the same time, the resistivity of composite increases 
due to broken connections between filler particles [39]. 
The highest value of power is handled by the ABS/Cu 
composite due to the highest glass transition temperature 
of ABS polymer. Second is the PS/Cu composite and the 
least power can be dissipated by the PLA/Cu composite 

Fig. 7  Volume electrical resistivity as a function of copper powder 
concentration

Table 2  Lowest measured resistivity values

Polymer matrix Copper powder amount 
[wt%]

Resistivity [Ωm]

ABS 84.6 0.156 × 10−5

PLA 82.5 0.249 × 10−5

PS 86.6 0.398 × 10−4



1241Journal of Materials Science: Materials in Electronics (2019) 30:1236–1245 

1 3

filament (Fig. 9). Results are also corresponding with the 
thermal conductivity of the polymer matrix. According to 
literature, thermal conductivity values are 0.13 Wm−1 K−1 
for PLA, 0.14 Wm−1 K−1 for PS and 0.33 Wm−1 K−1 for 
ABS, respectively [40, 41]. The lower thermal conductivity 

of the polymer matrix cause that the composite exchange 
heat with the environment slower and material temperature 
increase faster [42]. Maximum values of power density for 
each composite are summarized in Table 3.

3.3  Percolation threshold

The percolation theory gives an idea about the resistivity 
near the percolation threshold value. The behavior of the 
resistivity near the percolation threshold showed a gentle 
change over the resistivity of the polymer matrix to the 
resistivity of the metallic filler. At lower concentration of 
filler, the metallic particles are isolated by the polymer, so 
resistivity of the composite is high. After reaching the per-
colation threshold, filler particles form conductive networks 
that decrease composite resistivity. At higher filler loading, 
more conductive paths are created and resistivity rapidly 
decreases. The percolation threshold values depend on prop-
erties of both polymer matrix and filler particles.

3.3.1  Percolation theory

To determinate the minimal theoretical amount of copper 
powder in polymer composite adequate to achieve electrical 
conductivity, the electrical percolation thresholds for each 

Fig. 8  Current–voltage characteristics for ABS/Cu filament (a), PLA/
Cu filament (b), PS/Cu filament (c)

Fig. 9  Characteristics of the power dissipation in the conductive com-
posites with different polymer matrix (differences in supply voltage 
values are caused by different values of resistance for composites)

Table 3   Maximum power density

Composite Maximum 
power [W]

Maximum power 
density [W/mm3]

Glass transition 
temperature  (Tg) 
[°C]

ABS/Cu 0.527 2.19 × 10−3 105
PS/Cu 0.423 1.76 × 10−3 100
PLA/Cu 0.337 1.40 × 10−3 60
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composite i.e., PLA/Cu, ABS/Cu and PS/Cu, were calculated 
using the following power law (according to Kirkpatric’s per-
colation model) [43, 44]:

where � is composite conductivity, v is the volume of the 
copper powder phase, v

c
 is its value at the copper powder vol-

ume for the percolation threshold and t is a critical exponent. 
The percolation threshold can be determinate by fitting experi-
mentally obtained data to the classical percolation theory. Fit 
to the experimental values of log(v) versus log

(

v − v
c

)

for each 
composite with the different polymer matrix is shown in the 
inset to Fig. 10.

Percolation thresholds for all composites are shown in 
Fig. 10. For ABS/Cu composite an excellent fit to the meas-
ured values was obtained by a filler concentration of 29.20 
vol% (77.8 wt%) and t = 1.42. For PLA/Cu composite calculate 
percolation threshold was higher than for ABS/Cu and the v

c
 

value was equal to 34.11 vol% (78.7 wt%) and t = 1.83. For PS/
Cu composite, the v

c
 value was calculated at 35.46 vol% (79.7 

wt%) of copper powder in composite—the highest of all tested 
materials—and t = 1.55. Percolation threshold values are in 
agreement with data from the literature, related to the experi-
ments on polymer composites with copper powder or other 
metal powders as the conductive filler. In such publications, v

c
 

values were obtained between 25 and 40 vol% [45, 46]. Other 
experiments described in the literature regarding low-density 
polyethylene (LDPE)/Cu and linear low-density polyethyl-
ene (LLDPE)/Cu composites, with copper powder particles 
size below 38 µm, suggest v

c
 values of 18.7 vol% [37]. The 

obtained v
c
 value is lower due to smaller filler particles size 

[45, 47]. A similar relationship was observed for composites 
with nanosilver powder (150 nm) as a filler. Depending on the 
polymer matrix, the v

c
 value was calculated between 8.2 vol% 

to 18 vol% [48].
It was observed that critical copper powder content varies 

depended on matrix type. It is well known that the percola-
tion threshold is sensitive to polymer type. This characteristic 
was also noticed in carbon particles-filled polymer composites 
[49]. Critical value of percolation threshold can be dependent 
on many polymer parameters. The most important is the vis-
cosity of each matrix, which is strongly connected with pro-
cessing temperature. Other parameters that have an impact on 
percolation threshold are the molecular weight of polymers, 
which can be varied even for the same polymer but obtained 
in a different process, the polarity of polymer and chain length 
of a polymer [50, 51].

� ∝
(

v − v
c

)−t

Fig. 10  Electrical conductivity of composite filaments as a function 
of copper powder concentration. In insets the log–log plots of electri-
cal conductivity as a function of volume fractions of copper powder 
are shown
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3.4  Temperature coefficient and conductive 
mechanism

Table 4 shows the resistance of each composite, ABS/Cu 
with 81.8 vol%, PLA/Cu with 82.5 vol% and PS/Cu with 
85.5 vol% of copper powder, in two different temperatures: 
room temperature (20 °C) and 120 °C. For all polymer/metal 
composites, the resistance increases in higher temperature. 
According to those measurements, TCR parameter can be 
calculated using the formula:

As is known, the TCR value allows us to obtain infor-
mation about the conductivity mechanism [52]. In some 
cases, TCR values are negative which means that resistance 
of composite is decreasing in function of temperature. This 
phenome took place when composite show semiconductive 
characteristic. The conductive mechanism in semiconductors 
is strongly based on the tunnelling of electrons. In electron 
tunnelling theory, it is believed that conductive particles 
of filler don’t have mechanical contacts to each other and 
electrons can flow through composite thanks to the quan-
tum mechanics process—tunnelling [53]. Increasing tem-
perature in this composite can cause increasing electrons 
energy and make them easier to jump across gaps and tunnel 
through energy barrier between conductive phase and isolat-
ing matrix. Thanks to that, the resistance of material may 
decrease in higher temperature [54].

In other composites with positive TCR values, the con-
ductive mechanism is based on mechanical connections 

TCR =
R120 − R20

R20 × ΔT

between conductive filler particles. This kind of conductive 
mechanism took place in composite with high filler percent-
age due to forming a huge number of conductive paths. In 
most cases, the polymer matrix is expanding more than the 
conductive filler due to their different physical properties. 
Expanding the polymer matrix cause increasing distance 
between conductive filler grains and less conductive paths 
can be formed so resistance is increasing [53]. With a high 
number of conductive paths, composite behave like typical 
conductor and resistance of material decrease in increasing 
temperature [55].

We observed that TCR value for all composite ale similar 
and have positive values. The high amount of filler in each 
measured composites and positive values of TCR let assume 
that conductive mechanism in these composites is based on 
mechanical connections between filler particles and are simi-
lar to typical metal conductors.

3.5  3D‑printed electrical circuits—demonstrators

In order to demonstrate the functionality of elaborated 
conductive filaments for printing 3D, different electrical 
structures were fabricated using low-cost, unmodified, dual 
extruder FDM printer. Simple, three-dimensional electrical 
circuit composed of two conductive paths in insulator hous-
ing was designed and printed. Conductive paths were made 
of ABS/Cu composite filament containing 80 wt% of Cu 
filler. The housing of structure was made with pure ABS fila-
ment. The developed composite filament was printed with 
standard parameters. Nozzle temperature was set to 250 °C 
and printing speed was set to 50 mm/s. Conductive elements 
were printed with 100% infill. To one side of the system the 
LED was connected and to the other side, the 9 V battery. 
Due to the low resistivity of printed elements, LED could 
be successfully powered by a 9 V battery (Fig. 11a). Further 
tests have shown that a 2.8 V power supply is also enough to 
power the LED but with lower efficiency (Fig. 11b).

Conductive filaments can also be used to print capacitive 
sensors. Many different types of sensors, like humidity [56], 
fluid level [57], pressure [58], position [59], acceleration 
[60] are based on capacitance measurement. Another wide 

Table 4  Resistance and TCR values when changing temperature by 
100°C

Composite R20 [Ω] R120 [Ω] TCR [ppm/K]

ABS/Cu 3.44 4.85 2907
PLA/Cu 6.02 7.81 2292
PS/Cu 8.64 11.29 2347

Fig. 11  3D-printed electrical 
circuit with LED—a powered 
by 9 V battery, b powered by a 
2.8 V power supply, c 3D model
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application of capacitive sensors is a human interface device 
(HID) class. HID is a type of computer device that inter-
acts directly with, and most often takes input from, humans 
and may deliver outputs to humans. As an example of a 3D 
printed HID device, a printed keyboard with three capacitive 
buttons was designed and fabricated. When the user touches 
the printed conductive buttons, the capacitance of buttons 
increases, a signal is sent to the Arduino board and output 
pin is triggered. Triggering output pin is visualized by turn-
ing the LED on and off. To implement capacitive sensors, 
CapSense Arduino library was used. This library turns two 
Arduino input pins into the capacitive sensor. The functional 
device is presented in Fig. 12 and a short presentation in 
supplementary materials.

4  Conclusion

This paper describes the preparation and characterization 
of conductive copper-based filaments for FDM technology. 
Three different polymer materials were used for the com-
posite matrix. Lowest resistivity was exhibited by ABS/
Cu composite and highest by PS/Cu composite. Resistivity 
value below  10−3 Ωm was achieved for ABS and PLA-based 
composites containing copper filler loading above 80 wt% 
and resistivity value below 0.01 Ωm for PS/Cu composite 
containing copper filler loading above 84 wt%. I–V measure-
ments have shown that composites have Ohmics character-
istic, which means that they have constant resistivity value, 
voltage independent. This is true for the low values of the 
supply voltage. The maximum amount of power dissipated 
by the composites depends on polymer matrix properties: its 
glass transition temperature and thermal conductivity. Above 
the maximum value of dissipated power (up to 500 mW for 
ABS/Cu) composite softens and resistance increase rapidly. 
Developed materials were used to print demonstrators of 
simple electrical circuit and human interface device (HID). 
They prove that copper-based composites filaments can be 
used at any commercially available FDM printer, without 

the complicated and costly modifications. In order to obtain 
more functional composite filaments, many types of research 
can be carried out in the future. Other metal powders, like 
nickel, iron or mixes if different metal powders, as well as 
nanoparticles, can be used as a conductive phase. The influ-
ence of the size and shape of the functional phase particles 
must also be investigated. It is also important to examine 
non-standard polymer matrixes—high temperature, high 
impact, low-density polymers—and its influence on com-
posite properties. This kind of functional materials open 
possibilities for a vast range of applications in existing and 
new fields of industry, allowing to create high-tech products 
with low-cost materials and readily available equipment.
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