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Abstract: This paper presents a study of the electrical and mechanical properties of polystyrene
(PS)/carbon nanotube (CNT) composites prepared using the doctor blade technique. The nanocom-
posite films of PS/CNT were prepared by casting a composite solution of PS/CNT in tetrahydrofuran
(THF) on a glass substrate using a doctor blade and drying in an oven. The nanocomposite films were
then characterized using a tensile test and the four-point probe method to evaluate their mechanical
properties and electrical conductivity. The experimental results were used to analyze the unpredicted
behavior of the nanocomposite films. The experimental results showed that the electrical conductivity
of the nanocomposite films became almost insensitive or unmeasurable with increasing CNT content
for very dilute PS–THF solutions. In contrast, at higher PS concentrations, film conductivity increased
to a given CNT threshold and then decreased. Based on PS–THF viscosity–concentration data, a
discussion is elaborated that partially justifies the experimental results.

Keywords: polymer composite; mechanical properties; electrical conductivity; nanocomposite films

1. Introduction

Carbon nanotube (CNTs)-based polymers are a functional class of materials that has
attracted the attention of scientists in recent years thanks to their unique and valuable
properties [1–4]. Due to their inherently conductive nature, strength, and stiffness, CNTs
have many applications, such as nanofillers and the reinforcement of polymers and other
materials. The high length-to-diameter ratios of CNTs make them suitable for improving
mechanical properties, electrical conductivity, and rheological percolations at relatively low
concentrations. This aspect has opened a new path for developing a new class of composite
materials for broader applications [5–7]. Moreover, CNT-based nanocomposites are very
interesting for researchers because of their exceptional properties relative to their high
properties-to-weight ratios [8,9].

A viable option for functional, lightweight CNT/polymer composites can be obtained
by aligning CNTs in a unique direction within a polymeric matrix [10], a concept first
introduced and used by Ajayan et al. [11]. They showed how remarkably the properties of
whole composite materials can approach the theoretical properties of CNTs by modifying
their alignment. Various techniques have been developed to include and orient CNTs in
polymer matrices to obtain the desired composite properties [12]. It is believed that the
fundamental understanding of their process–structure–performance relationship makes
the creation of multifunctional composites with controlled hierarchical structures easier,
which consequently may result in an extensive range of applications for these materials in
the future [3].

The dispersion of single-walled carbon nanotubes (SWCNTs) in polymeric matrices is
fundamental in enhancing composite performance by creating specific three-dimensional
networks [13,14]. However, the strong π–π covalent interactions between nanotubes aggre-
gate the SWCNTs into bundles, making their dispersion challenging [15].
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Generally, physical and chemical dispersion are the two main approaches to the
dispersion of CNTs in polymeric matrices. Physical dispersion tries to achieve a uniform
and homogeneous distribution of CNTs within the composite material without any changes
in their surface chemistry. This approach can be applied through mechanical mixing,
ultrasonication, or high-shear mixing to partly overcome the π–π interactions between
nanotubes that cause CNTs to bundle into aggregate formations [16].

Chemical dispersion is obtained by introducing functional groups on CNT surfaces
and polymeric chains to increase their mutual affinity or by coating CNTs with polymers.
Chemical dispersion can improve the overall performance of nanocomposite polymers by
increasing the interfacial adhesion and load transfer between CNTs and the polymers [16].

Uniformly dispersing SWCNTs in polymeric solutions can be achieved via ultrasonic
irradiation. CNT bundles separate and disaggregate due to the high shear stress induced
by irradiation. However, the reaggregation of the separated nanotubes is still driven by
π–π interactions, a process that is prevented by coating the surfaces of the newly detached
nanotubes with surfactant molecules [17,18]. The chemical sonication process causes an
increase in the total bundle energy by increasing π–π interaction distance, which is balanced
by the surfactant activity that stabilizes dispersion. [19].

The uniform dispersion of CNTs increases their effectiveness and aims to achieve
desired functional properties that depend on forming connected and uniformly distributed
nanotube networks. For instance, the electrical conductivity of CNT/polymer nanocom-
posites results from direct charge transfer along the CNTs’ percolation paths [20].

The minimum filler content required to create a conductive path is called the perco-
lation threshold. The conductivity of a network increases with filler content according
to a power law [20], as shown in the following equation for a model of isotropically and
homogeneously distributed hard filler particles (1):

σ ∝ σc( f − fc)
t (1)

where f is the volume fraction, fc is the percolation threshold, and the exponent t is close to
1.94 for a three-dimensional network and 1.33 for a two-dimensional case.

When the content of filler particles drops below the critical value, the material loses its
electrical conductivity and the number of paths connecting different regions S decreases
very sharply by the following equation:

S ∝ Si( fc − f )−s (2)

The shape of the filler particles influences the percolation threshold. SWCNTs have a
lower percolation threshold in comparison to other fillers like MWCNTs, graphene oxide,
and other nanofillers due to their higher aspect ratios A = L/d (the ratio of particle length
to diameter) [21–24].

This study aimed to investigate the effects of polymer matrix concentration and
CNT content on nanocomposite film’s electrical conductivity and mechanical properties.
The effect of shear force on the alignment of nanotube reinforcements was evaluated by
measuring electrical conductivity and mechanical properties in the direction of applied
stress. A potential application of this research could be in the production of multifunctional
and high-performance filaments for additive manufacturing (AM) and, more specifically,
fused filament fabrication (FFF or FDM), where 3D structures are fabricated using the
deposition of melted filaments in a desired direction and pattern.

During the last few years, various methods have been proposed to prepare PS/CNT
composites, such as melt blending, solution casting (doctor blade), electrospinning, and
3D printing. Among these methods, the doctor blade technique is a simple and practical
method that can produce thin films of PS/CNT composites with the controlled thickness
and uniformity of reinforcement agents. The doctor blade technique can induce the align-
ment of CNTs in PS matrices by applying shear force during the coating process. The
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alignment of CNTs can enhance the anisotropic properties of the composites, such as
electrical conductivity and mechanical strength along the alignment direction.

The electrical conductivity of CNT/PS composites is an important property that
reveals their potential applications in flexible electronics [25], sensors and actuators [26],
and biomedical devices [27], which was another objective of the current study.

Xu and Schubert [27] produced ternary composite films of polystyrene (PS), poly(n-
alkyl methacrylate) (PAMA), and carbon nanotubes (CNTs) using the solution casting
technique. They employed PAMA as a compatibilizer for the CNTs to improve their disper-
sion and adhesion to the PS matrix. They measured the conductivity of the nanocomposite
films using the four-point probe technique, a standard method to measure a composite
material’s electrical conductivity according to ASTM D4496. They found that increasing the
CNT content increased the conductivity, whereas conductivity decreased by increasing the
PS content. They also found that the conductivity along the casting direction was higher
than that in the transverse direction. They attributed this phenomenon to the alignment
of CNTs in the direction of film casting due to the shear force applied during the solution
casting and filmmaking processes. According to their findings, the conductivity of the
PS/CNT nanocomposites ranged from 10−9 to 10−3 S/m for different compositions and
orientations of the reinforcements inside the produced films [28].

Wang et al. [29] prepared porous foams composed of PS/CNTs using the freeze-drying
technique. They used tetrahydrofuran (THF) as the solvent for PS and employed the
sonication technique to disperse the CNTs physically. They poured the nanocomposite
solution into a mold and let it freeze in liquid nitrogen. The frozen solvent was then
sublimated under vacuum to obtain the PS/CNT foams. They measured the conductivity
of the foams using the four-point probe method and realized that increasing CNT content
and its alignment increased the conductivity.

They also realized that the lower density and higher porosity foams had higher
conductivity due to the creation of more conductive pathways by the CNTs in the porous
structure. Based on their findings, the conductivity of the PS/CNT foams could vary from
10−15 to 10−1 S/m for different densities and orientations of the CNTs in the foams [24].

In a similar study, Xie et al. [30] fabricated PS/CNT microstructures using direct 3D
printing. A micro-extension system was used to deposit the PS/CNT composite filaments
with controlled geometry and orientation onto a substrate. They found that adding more
CNTs to the structure and the higher alignment of the CNTs in the structure resulted in
higher conductivity. They also found that conductivity was higher for microstructures
with smaller cross-section areas and longer lengths, which was attributed to the improved
contact between the CNTs in the nanocomposite filaments because of higher pressure
during the extrusion process. The measured conductivity in their study ranged from 10−4

to 10 S/m for different geometries and orientations of the microstructures.
These studies have shown numerous techniques for producing PS/CNT nanocom-

posites, each resulting in different conductivity values due to incorporating different
parameters. The better dispersion of nanotubes and, consequently, the higher electrical
conductivity of nanocomposite films are highly dependent on the shear intensity applied
to the nanocomposite solutions during sonication and filmmaking.

In order to achieve the highest conductivity, an optimum level of shear intensity
is required to be applied to nanocomposite solutions, both by the sonication for CNT
dispersion and by the doctor blade for film formation.

Min et al. [30] demonstrated that melt annealing above a polymer’s glass transition
temperature can produce highly electrically conductive nanocomposites. They explained
that the orientation of the particles in the direction of flow, resulting from film formation,
reduced the network bonding between the particles. However, after subsequent annealing,
the network bonding between the particles was restored and assisted in restoring electrical
conductivity paths [30].
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The current study employed a two-step method to achieve the abovementioned goals:
ultrasonication and thin film formation using the doctor blade technique. This approach
allowed for the fabrication of PS/CNT nanocomposite thin films, possibly adjusting the
films’ thickness and controlling the homogeneity and uniformity of CNT dispersion. This
study also tried to show the challenges in aligning CNTs in PS matrices by applying shear
force during the sonication and film formation. For this purpose, different concentrations
of PS and CNT were dissolved in tetrahydrofuran (THF), which served as a solvent for
both the polymer and the reinforcement. The thin nanocomposite films were produced
using the doctor blade technique to cast the nanocomposite solution onto a glass substrate.
Then, the effects of sonication and film formation on electrical conductivity and mechanical
properties were investigated [31].

2. Materials and Methods
2.1. Materials

Polystyrene (PS) powder with an average molecular weight of Mw ~350,000 was
purchased from Sigma-Aldrich (Merck, Germany). The single-walled carbon nanotubes
(SWCNTs), with an outer diameter of 1.6 ± 0.4 nm, a length of ≥5 µm, a surface area of
300 m2/g, and a carbon nanotube content of ≥80 wt.%, were obtained from Tuball [32].
The tetrahydrofuran (THF) anhydrous (≥99.9%, inhibitor-free) was purchased from Sigma-
Aldrich, Merck, Darmstadt, Germany.

2.2. Nanocomposite Preparation

In order to produce the nanocomposite solution, different concentrations of polystyrene
(PS) powder, namely 3%, 6%, and 9% by weight, were dissolved in 25 mL of tetrahydrofu-
ran (THF) in separate glass beakers. Based on the PS concentration and weight percentage,
the polymer solutions were stirred with a magnetic stirrer for 10 to 30 min to obtain a ho-
mogeneous mixture free of residual PS particles. Then, various concentrations of SWCNTs
(1%, 2%, and 3 wt.% related to the weight percentage of PS) were added to the previously
prepared PS–THF solutions.

In the next step, the prepared composite blends were subjected to ultrasonication
for 10 min at 10 kJ of energy input using a probe sonicator to obtain a uniform and
homogeneously dispersed solution of CNTs. Notably, the ultrasonication process was
performed in a cold-water bath to prevent solvent evaporation due to the temperature
increase caused by ultrasonic irradiation.

The composite films were fabricated using the doctor blade technique on a glass
substrate to produce thin layers of films with an approximate thickness of 0.1 mm. The
obtained cast nanocomposite solution was then rinsed with water, air dried, and hot pressed
at 100 ◦C for 30 min using a laboratory scale oven to evaporate any remaining solvent from
the films (Figure 1a). Samples for mechanical property characterization (80 mm × 10 mm,
see Figure 1b) and electrical conductivity evaluation (50 mm × 50 mm, see Figure 1c) were
cut from the composite films.
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Figure 1. (a) Schematic of the nanocomposite film production process; (b) tensile test samples of
PS/CNT nanocomposites; (c) electrical conductivity measurement test specimens.

2.3. Mechanical Characterization

The mechanical properties of the nanocomposite films were evaluated via tensile test-
ing according to ASTM D882. Rectangular film specimens were tested using a ZwickRoell
Z010 universal testing machine at room temperature, with a gauge length of 50 mm, a load
cell of 10 kN, and a crosshead speed of 5 mm/min. The stress–strain curves resulting from
the tensile testing were used to calculate the nanocomposite films’ Young’s modulus, E,
and ultimate tensile strength (UTS). The reported values of E and UTS are the averages of
at least four specimens for each film sample.

2.4. Electrical Conductivity Measurement

The four-point probe technique was employed for the electrical characterization of
the nanocomposite films. Four equidistant probes were positioned linearly on each thin
film, with the two outer tips facilitating current flow and the inner two tips measuring
voltage. This arrangement of probes minimizes edge and contact effects and helps to
measure electrical resistance precisely.

A schematic of the electrical circuit used for the conductivity measurement is presented
in Figure 2. The technique is particularly suitable for small dimensional thin films, and it
reduces the sample size and geometry effects.

An essential assumption in the four-point probe technique is that the thickness of a
sample is much smaller than its other dimensions. Multiple measurements at different
positions were taken for each sample to determine sample homogeneity and uniformity. In
this regard, the electrical resistivity (ρ) of the nanocomposite layers is written as follows:

ρ = R
A
L

(3)

where R is the specimen’s electrical resistance, A is the cross-section area of the nanocom-
posite specimen, and L is the electrical path length. The electrical conductivity (σ) can be
written as follows:

Conductivity (σ, S/cm) = 1/ρ, (4)
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2.5. Viscosity Measurement

An ARES-G2 TA instrument standard rheometer was used for viscosity measurements
using parallel plate fixtures with a 25-mm diameter. The Newtonian viscosity was measured
at 20 ◦C.

2.6. Optical Microscopy

A Zeiss AxioVert.A1 optical microscope was used to evaluate the microstructures
of the cast nanocomposite thin films (as explained in Section 2.2). After preparing the
nanocomposite films (Section 2.2), they were placed on a glass slide and observed with a
microscope with ×40 magnification.

3. Results and Discussion
3.1. Microstructural Observations

In this research, 11 solutions were prepared, producing 11 thin film specimens after
film casting. The second and third columns of Table 1 report the weight percentages of
polystyrene (PS) that were determined relative to the volume of the solvent (25 mL THF)
and the weight percentages of the carbon nanotubes (CNTs) relative to the weight of the PS,
respectively. The results of the microstructural observations are summarized in Figure 3.
As the PS and CNT content increased (from top to bottom and left to right), agglomerated
and non-dispersed CNT bundles increased. This behavior could have been due to the
higher concentrations of polymers and extra CNTs in the polymeric blends, which resulted
in inhomogeneous dispersion. Precipitation and CNT agglomeration occurred for solutions
containing higher concentrations of PS and CNT (the bottom right photo in Figure 3)
due to the strong Van der Waals forces and π–π interactions between the CNTs and their
clusters [16,17].
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Table 1. Mechanical properties of PS/CNT nanocomposite films with different content percentages.

Sample PS (%) CNT (%) Young’s Modulus (MPa) UTS (MPa)

PS 3-CNT 0 3 0 2668.17 10.71
PS 3-CNT 1 3 1 1221.48 5.97
PS 3-CNT 2 3 2 3855.6 11.06
PS 3-CNT 3 3 3 709.83 4.08
PS 6-CNT 0 6 0 2189.1 47.87
PS 6-CNT 1 6 1 2917.4 17.50
PS 6-CNT 2 6 2 2778.42 10.72
PS 6-CNT 3 6 3 1384.68 4.03
PS 9-CNT 0 9 0 1464.4 17.13
PS 9-CNT 1 9 1 1441.14 8.92
PS 9-CNT 2 9 2 2496.03 6.93
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3.2. Mechanical Properties

The Young’s modulus, E, and ultimate tensile strength (UTS) were evaluated for each
sample and the results are reported in Table 1.

Individual plots for Young’s modulus and its variations are shown in Figure 4a,b to
provide a more detailed understanding of the variations in mechanical properties.
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As shown in Figure 4a, by increasing the content of CNT in the nanocomposite
solution up to 3 wt.%, the average values of the Young’s modulus decreased. The Young’s
modulus values of samples with 3% and 6 wt.% PS showed a maximum at roughly 1.5 and
2 wt.% CNT content. (Figure 4b). The difficulties faced in the dispersion of CNTs could
be attributed to the effectiveness of sonication at higher CNT contents. It is argued that
the dispersion of CNTs may depend on the actual solution viscosity, as discussed below.
In samples with 2 wt.% CNT, the mechanical properties improved, as expected. However,
the mechanical properties decreased above 2 wt.% CNT due to the probable clustering
and agglomeration of the CNTs, which prevented efficient fiber dispersion, as shown in
Figure 3.

The mechanical properties of samples containing 6 wt.% PS also increased by increas-
ing the CNT content up to 1 wt.%. The Young’s modulus values also increased, but the
values were lower than those of samples with lower PS concentrations when the weight
percentage of PS was increased to 9 wt.%. This behavior had consequences for the involved
process variables. For example, the film formation process of highly concentrated polymer
solutions at room temperature via the rapid evaporation of THF could induce the formation
of a foamed structure on the nanocomposite films. The evaporation-induced film vitrifica-
tion progressively raised the glass transition temperature of the solution, causing the voids
left by solvent evaporation to be trapped, producing a porous structure. In addition, when
increasing from 3 to 9 wt.% PS, the solvent evaporation process was considerably slowed
due to the higher viscosity of the solution (a tenfold increase in viscosity, as reported in the
following in Section 3.4. To verify this explanation, it can be seen from Figure 4b that the
Young’s modulus of the films formed from the THF/PS solution decreased by increasing
the PS concentration.

The Young’s modulus of films containing 3% CNT for both 3 wt.% and 6 wt.% PS
decreased to less than those of pure PS films. The main reason for this could be the
formation of internal fiber bundles that hindered CNT/matrix interactions. Along this line
of thought, Young’s modulus of samples with 9 wt.% PS increased, even when starting
from lower values, because they did not pass their percolation threshold, a parameter that
depends on PS concentration.

Figure 5 shows the values of tensile strain for different concentrations of CNTs. The
increase in Young’s modulus at any concentration of CNT, either below or above percolation
(2% CNT), caused a change in the deformation behavior of the material from ductile to
brittle. As a result, the increase in Young’s modulus reduced the maximum tensile strain
compared to pure PS.
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The ultimate tensile strength (UTS) results are shown in Figure 6a,b. Increasing
the CNT content from 0 wt.% to 3 wt.% gradually decreased the UTS values, as already
observed in the literature [16,17].
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Figure 6. UTS values for various weight percentages of CNTs related to different weight percentages
of PS: (a) UTS values versus CNT percentages for various weights of PS; (b) variations in the UTS
values.

3.3. Nanocomposite Film Conductivity

In order to obtain an electrical characterization of the material that was independent
of its dimensions, a measurement was carried out using the four-point probe technique.
This standard technique makes it possible to measure the voltage/current ratio that pro-
duces layer resistance, assuming that the layer thickness is much smaller than the other
dimensions. Theoretically, the presence of nanotubes (CNTs) in a polymer matrix provides
a conductive path due to the high intrinsic electrical conductivity of the CNTs themselves.
This conductive path is also called a percolating network. Therefore, higher CNT content
is expected to provide more conductive pathways within nanocomposites, allowing for
better electron transport and higher electrical conductivity. However, the conductivity
measurement results, which are listed in Table 2, showed that there were no measurable
data for some samples (notated with NA).
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Table 2. Electrical conductivity for samples with various wight percentages of CNT and PS.

Sample PS (%) CNT (%) Electrical Conductivity (S/m)

PS 3-CNT 0 3 0 0.000005
PS 3-CNT 1 3 1 0.00037037
PS 3-CNT 2 3 2 NA *
PS 3-CNT 3 3 3 0.00125
PS 6-CNT 0 6 0 NA *
PS 6-CNT 1 6 1 0.0000625
PS 6-CNT 2 6 2 1.42857× 10−5

PS 6-CNT 3 6 3 0.037037037
PS 9-CNT 0 9 0 NA *
PS 9-CNT 1 9 1 0.090909091
PS 9-CNT 2 9 2 0.01369863

* NA, no recordable results were obtained.

To better illustrate this, Figure 7 shows the conductivity values over different weight
percentages of PS with increasing CNT content. In particular, this figure highlights the
significantly higher conductivity of samples with higher PS content than those with lower
PS concentrations.
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Samples with 3 wt.% PS showed no significant changes in electrical properties by
increasing the weight percentage of CNT, which could have been due to the poor dispersion
of the CNTs in the polymeric matrices. The inadequate and inhomogeneous dispersion of
CNTs in a matrix can result in clusters or voids that disrupt conductive pathways. As a
result, the measurement of electrical conductivity can be challenging [18,19].

By increasing the CNT content in samples containing 6 wt.% PS did not improve elec-
trical conductivity until a percolation threshold was reached at 2 wt.%. As a result, electrical
conductivity after this threshold increased significantly and reached about 0.037 S/m at a
3 wt.% CNT content due to the formation of electrical pathways within the nanocomposite
films, as has been reported in other references [20].

Samples containing 9 wt.% PS experienced a considerable increase in electrical con-
ductivity after adding only 1 wt.% of CNT to the pure polymer. A possible explanation for
the subsequent decreases in electrical properties at higher CNT content could be that the
CNTs clustered after adding more reinforcements. Notably, the efficiency of sonication in
dispersing CNTs may be reduced due to higher viscosity suspensions, as discussed below.
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3.4. Solution Viscosity Effects

The results discussed so far were challenging to interpret, even though some were
consistent with physical expectations. Several factors can influence the dispersion of CNTs
and their mechanical and electrical properties. The effect of polymer solution viscosity,
among other factors, has been studied. Jakuba et al. [33] found that increasing the number
of nanotubes altered the selectivity and dispersion of higher molecular weight polymers.
Taking into account the different effectiveness of the solvents, they proposed that solution
viscosity was one of the factors influencing the apparent selectivity by changing the reag-
gregation rate of the single-walled carbon nanotubes (SWCNTs). Thus, the type of solvent,
polymer molecular weight, concentration, and viscosity should be taken into account when
screening for new polymers for selective SWNT dispersion.

Polymer solution viscosity is a function of polymer concentration and molecular
weight. Figure 8 reports the experimental data for solution viscosity as a function of
polymer concentration. For the case under study, the polymer molecular weight was fixed.
Owing to the viscoelastic nature of the polymer solutions, we measured the “zero shear”
solution viscosity, η0, which is referred to as Newtonian viscosity, to distinguish it from
shear rate-dependent values. In abscissa, the polymer weight percentage was converted
into a concentration c (g/cm3), considering the density of THF (ρ = 0.888 g/cm3). The
viscosity of THF was ηs = 0.46 mPa∗s and the theoretical η0 data as a function of polymer
concentration c were also compared to those reported in [34,35] for PS solutions with
different molecular weights and solvents.

Theoretically, given the polymer molecular weight, it is observed that:

η0 = K ∗ cα f or c < c∗
η0 = K′ ∗ cβ f or c > c∗ (5)

where K and K′ are constants, depending on polymer/solvent system. The concentration
exponents α and β define the dilute and concentrated behavior of the polymer solution
and c* is the concentration at which chain entanglements become effective. Once chains
are close enough to become entangled, the flow becomes much more difficult because
forces applied to one polymer chain are transmitted to and distributed among many other
chains. The theoretical value of the exponent β = 3.4 is predicted using the tube model
(reptation concept) [36] on polymer solutions at a constant concentration as a function
of polymer molecular weight. Similar behavior was expected in our study, where the
molecular weights remained fixed. The exponent appeared to be somewhat higher than
3.4 for c > c∗, a result that compared well to other results [34,35]. In dilute solutions,
macromolecules are dispersed when c < c* and weakly interact (α < 1).

Thus, the critical concentration c* is a turning point defining the two limiting viscosity
domains. In Figure 8, the asymptotic straight lines, drawn as guides, represent the two
regimes below and above the critical concentration c*. Also, Figure 8 shows that the
solution concentrations adopted in the present study were close to the critical concentration
c*. However, viscosity varied smoothly over a relatively narrow range in concentration, a
clear indication of the intermediate viscosity domain, which justified, at least in part, our
results. We argue that polymer concentrations near the critical concentration prevented the
formation of stable network structures of CNTs in the systems under study.

From a different viewpoint, let us consider that by increasing PS concentration above
its critical value, viscosity raised several orders of magnitude and eventually matched the
viscosity range of PS in the melt state. In this regard, Mitchell et al. [36] added function-
alized single-wall carbon nanotubes (SWCNTs) to PS, studied the melt rheology of the
nanocomposites, and demonstrated the formation of hydrodynamically percolated filler
network structures accompanied by the development of finite yield stress at SWCNT con-
centrations exceeding 1.5 wt.%. In contrast, the unfunctionalized SWCNT-based hybrids
exhibited no percolated structures, even at 3 wt.% SWCNT. This result was consistent with
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the weak and unstable nanotube dispersion shown in the present study, including the
behavior of the 9 wt.% PS solution.
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4. Conclusions

This study investigated the effects of polystyrene (PS) and unmodified carbon nan-
otube (CNT) content on the electrical and mechanical properties of nanocomposite films
produced using the doctor blade technique. The nanocomposite films were prepared by
coating a PS/CNT solution in tetrahydrofuran (THF) on a glass substrate using a fixed gap
doctor blade and drying them in an oven. The four-point probe technique was used to
measure the films’ electrical conductivity, and their mechanical strength was evaluated via
tensile testing. The results showed that film electrical conductivity and mechanical strength
increased by increasing CNT content to a specific threshold. This finding suggests that the
PS/CNT composites can be tuned for various applications by adjusting the PS and CNT
contents. Overall, the rheological behavior of CNT/polymer solutions has a relevant role
in the stability and performance of the produced nanocomposite films.
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