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Abstract: In spite of the high electrical conductivity of
carbon nanotube (CNT), its tendency to aggregate and
expensive cost in fabricating aerogel, foams, and porous
materials remains a problem. Therefore, we described
a simple and feasible way to design light-weight, high
electrically conductive, and cost-eﬃcient polylactic acid
(PLA)/CNT foams. The branched PLA (BPLA) resin with
excellent melt elasticity and foamability was induced by
nucleophilic ring-opening reaction of epoxy-based acrylic/
styrene copolymer and PLA. After that, BPLA/CNT composites and foams were prepared by melt-mixing and supercritical carbon dioxide foaming technology, respectively.
The thermal, electrical, and foaming properties were studied. The resultant BPLA/CNT foam possessed a low density of 0.174 g/cm3 and high crystallinity of 3.03%. An
improvement of the oriented structure of CNT induced by
cell growth in BPLA matrix increased the conductivity of
the foam up to 3.51 × 104 Ω/m. The proposed foaming
materials provided a way for designing and preparing
high performance CNT products.
Keywords: foams, biopolymers, branched, nanoﬁbers,
conducting polymers

1 Introduction
Because of its desirable electrical conductivity, carbon
nanotube (CNT) has been used in electrical materials for
many purposes, which includes conducting materials (1,2),
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electromagnetic shielding (3), piezoelectronic sensing
(4), and optoelectronic sensing (5,6). Despite the
growing interest in this material, the development of
light-weight 100 wt% CNT materials remains a major
challenge because it is diﬃcult to produce uniformly
individualized and even oriented CNT networks in the
bulk materials, especially in porous structures such as
CNT aerogels and foams (7–10). The oriented structure
of CNT is expected to improve electrical conductivity by
orienting and connecting individual CNT (11). Moreover,
the cost of CNT is expensive, which further limits its
wide applications. Therefore, it is important to develop
oriented structure CNT materials and balance its cost
and electrical, mechanical, density performance. Recently,
works have been performed to design highly electrically
conductive CNT materials that focus on improving the dispersion or the orientation of CNT in a diﬀerent matrix, such
as electrospinning method (12), coating method (13), and
lamella Shish-Kebab inducing method (14). Besides these
strategies, polymeric foaming method is also an eﬃcient
way to produce oriented CNT materials because of its
advantages of cost-eﬃcient and light-weight qualities.
In the cell growth period, a rapid and strong biaxial
stretching ﬁeld produced in polymer matrix will induce
the orientation of CNT. Romeo et al. fabricated nanowire/poly(vinyl alcohol) (PVA)-ordered scaﬀolds and
they found that the nanowires were also highly oriented
in the foamed PVA scaﬀolds (15). The electrical conductivity for polyester containing hybrid ﬁllers of CNT
showed 400 times that for single CNT loaded one at
the 2 wt% ﬁller loading (16), and the CNT/epoxy hybrids
also exhibited higher electrical conductivity (17).
Among the various polymeric matrixes, bio-based
and bio-degradable polylactic acid (PLA) have attracted
many interests for structural and functional applications
as an alternative to conventional petroleum-based plastics
(18–21). The development of high performance foamed
PLA has signiﬁcant advantages (22,23). The abundant carboxyl and hydroxyl groups on the end of the molecular
chain are convenient for reaction compatibilization with
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Figure 1: (a) Reaction between epoxy-based acrylic/styrene copolymer and LPLA chain, (b) reaction between caboxylated CNT, LPLA, and
BPLA chains.

modiﬁed CNT. The electrical, mechanical, and thermal
properties of foamed PLA materials can be designed by
manipulating the structure (24–26). The processability
and feasibility of developing novel foamed PLA are more
practicable (27). The cost for developing PLA foam is gradually reduced by advanced processing technologies (28).
The properties of foamed polymer/CNT are closely related
to the morphology of the cells. An oriented CNT structure
in foams has shown great potential applications in tissue
engineering, separation, and environmental protection
owing to their tunable foaming structure and enhanced
mechanical properties along the oriented direction (29–31).
However, because of the poor rheological properties of linear
PLA (LPLA), it is still a challenge to fabricate foams with
light-weight, which could not further give rise to oriented
and even electrically connecting individual CNT on cellular
walls. To settle the shortcoming of LPLA mentioned above,
the branching reaction is considered as one of the eﬃcient
methods. The branching reaction could change the molecular structure and increase the molecular weight by producing branching and cross-linking structures, which
improved its viscoelasticity performance (32).
In this study, we focused on developing a simple
strategy for fabricating PLA/CNT foams. An epoxy-based
acrylic/styrene copolymer, which has advantages such as
eﬃciency, easy-control, and non-toxicity, was used to
produce branched PLA (BPLA). The obtained BPLA was
then melting mixed with varying concentrations of carboxylate CNT to produce BPLA/CNT nanocomposites. The
branching structure was able to ensure cell stability in

the foaming process. Within the cell growth period, the
CNT embedded in the cell wall both withstood intensively
biaxial stretching force. The CNT aggregations will further
be aligning. The BPLA/CNT nanocomposites would provide
a feasible strategy to produce light-weight, cost-eﬃcient,
bio-degradable, and conductive nanocomposite foams.

2 Materials and methods
2.1 Materials
PLA resin (4032D) with Mw of 1,20,000 g/mol was purchased from Nature Works. Carboxylation CNT (XFQ034)
with an average length of ∼30 µm and a diameter of 20 nm
was obtained from Nanjing XFnano Materials Tech Co.
Ltd. Its carboxyl content is 3 wt%. Epoxy-based acrylic/
styrene copolymer (Joncryl 4032) was supplied by BASF
Company, Germany.

2.2 Fabrication of BPLA/CNT nanocomposite
and its foams
2.2.1 BPLA/CNT nanocomposites
The preparation of BPLA was carried out by an internal
mixer (PolyLab, ThermoFisher, USA). The weight fraction
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of epoxy-based acrylic/styrene copolymer was 0.3%. The
branching reaction mechanism is shown in Figure 1a.
After that, the resultant BPLA was melting mix with various CNT to produce BPLA/CNT composites. The sample
was named BPLA/CNTx (x is the weight fraction of CNT).
The LPLA and BPLA would graft onto CNT, and the
mechanism of grafting reaction is esteriﬁcation as shown
in Figure 1b. As the mixing time was the reactive time, it
could control the reaction degree ﬂexibly by extending
the mixing time. On the contrary, the internal mixer as a
mainly reactive zone, its mixing temperature, known as
reactive temperature, could be independently controlled
to optimize the reaction kinetics. The reactive temperature was at 190°C. The mixing time and mixing speed
were 6 min and 60 rpm, respectively. Afterward, the samples were compression molded into sheets of 2 mm in
thickness for the subsequent characterizations and the
foaming process.

2.2.2 BPLA/CNT foams
The BPLA/CNT foams were prepared using supercritical
CO2 foaming technology. First, samples were placed in
a customed autoclave at a temperature of 140°C and
high pressure of 16 MPa for 5 h. The supercritical CO2
injection was achieved by a syringe pump. A pressure
transducer was used to measure the pressure with an
accuracy of ±0.01 MPa and a needle valve to release the
pressure. A computer equipped with a data acquisition
system was connected to the pressure transducer to
record and control the pressure-drop rate. A back buﬀer
with a changeable volume was connected to the highpressure autoclave to control the pressure-drop degree.
When CO2 was completely diﬀused and dissolved into
the resin, a sudden pressure drop (3 MPa/s) by the
release of CO2 from 16 to 0.1 MPa provided the driving
force for cell nucleation and growth. Then, the foams
were obtained.

2.3 Analysis
2.3.1 CNT dispersion characterizations
The morphologies of CNT in foams were observed via a
transmission electron microscope (TEM) (JEM-3010, JEOL,
Japan) at 120 kV. The membrane of cell wall of BPLA/CNT
foams was cryotomed into 100 nm thick slices.

2.3.2 Thermal analysis
The thermal behaviors of BPLA/CNT foams were studied
on a diﬀerential scanning calorimetry (DSC) (Q100, TA,
USA) system purged with nitrogen. The samples were
heated to 200°C at a rate of 10°C/min to study the eﬀect
of CNT on the non-isothermal crystallization of PLAs. The
degree of crystallinity of PLA, χc, was calculated using
Eq. 1 (33):

χc =

ΔHm − ΔHcc
× 100%,
ΔHc0(1 − wf )

(1)

where ΔHm and ΔHcc are the melting enthalpy and the
cold crystallization enthalpy, respectively. The wf is the
weight fraction of CNT in nanocomposites. The enthalpy
of 100% crystalline PLA (ΔHc0) is 93.6 J/g (34).
The spherulite morphologies of BPLA/CNTs were
observed under a polarized optical microscope (POM)
(BX-51, Olympus, Japan) equipped with a CCD camera.
The samples were heated at 20°C/min from room temperature to 200°C, held there for 5 min, and then cooled
at 20°C/min to 120°C and held for 20 min. The magniﬁcation ratio was 200.

2.3.3 Shear rheological measurements
The rheological property of BPLA/CNT was observed
using a strain-controlled rheometer (MARS Rheometer,
Thermo-Fisher, USA) at 190°C equipped with parallel
plates (20 mm in diameter with a gap of 1.0 mm). The
frequency range was from 0.1 to 100 rad/s, and the maximum strain was ﬁxed at 5% to conﬁrm that these conditions were within the linear viscoelastic region.

2.3.4 Foaming property characterizations
The densities of unfoamed, ρ, and foamed, ρf, samples in
g/cm3 were measured using a density balance (BSA623S,
Sartorius, Germany). The expansion ratio of foamed BPLA
is equal to ρ divided by ρf.
The cellular structures of BPLA/CNT foams were
observed by scanning electron microscope (SEM) (Nova
Nano 450, FEI, USA) at an acceleration voltage of 1 kV.
The magniﬁcation ratio was 500. The mean cell density
Nc was calculated according to Eq. 2 (35):

 N 32 
Nc = 
 × Expansion ratio,
A 



(2)
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where N and A are the number of cells obtained in the SEM
image and the area of SEM image, respectively. The mean
cell size value, R, can be calculated using Eq. 3 (36):

 ∑ N0 ri3 
R =  i=1 
 N 



1/3

,

(3)

where ri is the cell size of each cell counting by Image
Pro-plus software.

2.3.5 Foaming property characterizations
The electrical conductivities of BPLA/CNT foams were
measured by the method of electrical resistivity with a
double electric four-probe resistance ratio test. The electrical resistivity was measured by applying a voltage
across the sample and measuring the resulting current.
The resistivity is calculated from the geometry of the
electrodes and the thickness of the sample. To ensure
the good contact between electrodes and samples, two
copper threads of electrodes (d = 0.3 mm, resistance 0 Ω
at 20°C) were stuck on the sample surfaces by silver
paint.

3 Results and discussion
3.1 Dispersion morphology
The dispersion morphologies of BPLA/CNT were observed
by TEM as shown in Figure 2. Viewing the TEM images of
BPLA/CNT8, 12, and 16 shows that CNT had formed an
eﬃcient conductive network, which contrasts sharply
with the separate structure of CNT in BPLA/CNT4. For
BPLA/CNT16, many agglomerates were visible, which
indicated that CNT was easy to agglomerate because of
the high dosage and high speciﬁc surface area. However,
for BPLA/CNT8, 12, and 16, the CNT was overall dispersed
uniformly in BPLA matrix because that eﬀective conductive pathway could be distinguished. This could beneﬁt
the electrical conductivity of BPLA foams.

3.2 Thermal analysis
Figure 3 and Table 1 depict the DSC curves and thermal
parameters of BPLA/CNT, respectively. It could be seen
that the Tg of BPLA samples, which were similar to those
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of LPLA at about 60℃, was not obviously aﬀected by
inducing CNT. The Tcc of LPLA was at 120℃. For the
case of BPLA/CNT, with the increasing content of CNT,
the Tcc shifted to the low temperature, from 119℃ to
106℃. Interestingly, DSC curves of BPLA/CNT exhibited
two melting peaks, with a higher temperature melting
peak at around 157℃ and a lower temperature peak at
around 149–152℃. It indicated that two diﬀerent crystalline (α and α′ crystalline) formed in the cooling step.
Sasaki et al. provide that α crystalline with two antiparallel-oriented 103 helical chain segments in every orthorhombic cell unit would form at a crystallization temperature of 120℃ (37,38), whereas the imperfect α′ crystalline
with hexagonal cell unit would form below 100℃ (39).
If crystallization temperature was between 100℃ and
120℃, both α and α′ crystalline would form (40). As the
cold crystallization occurred at a foaming temperature
range, it was easy to induce α′ crystalline in the foaming
process. Speciﬁcally, the heterogeneous nucleation function of CNT accelerated the cold crystallization process of
PLA and shifted the melting temperature to low temperature. With the increase in CNT content, cold crystallization temperature decreased from 119°C to 106°C.
On the contrary, the crystallinity of PLA also was
aﬀected by inducing CNT. With the increase in CNT content, its crystallinity increased from 1.17% to 3.03%. As
shown in Figure 3, the reason for the increase in crystallinity was the decrease in α′ crystallinity. The thin and
imperfect α′ lamella generated attributed to the crystallization nucleation function of branching structure, and
this α′ lamella would melt at a lower temperature. However, the existing CNT would react with BPLA and thus
would hinder the formation of α′ crystalline. With the
increasing CNT content, the melting peak at higher temperature gradually becomes major melting peak, whereas
the melting peak at lower temperature tends to be a
shoulder melting peak. Crystallinity has profound inﬂuence on controlling the cellular morphology and the ﬁnal
mechanical performance of foams. A faster crystallization
rate and proper crystallinity would help in solidifying the
cells in a short time during the foaming processes. A
light-weight BPLA/CNT foams could be stably produced
by controlling crystallinity (41).
Figure 4 shows the POM images of diﬀerent
BPLA/CNTs. In these images, the BPLA fractions were
the bright and ringless spherulites with Maltese-cross
pattern. The average size of spherulites in BPLA was
over 270 µm, and it could only observe limited spherulites
in the photo. Compared with that, the spherulite numbers
of other BPLA/CNTs were increased, and the spherulite
size was decreased to 45 µm. This was attributed to the
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Figure 2: TEM images of BPLA/CNT composites.

3.3 Dynamic rheological measurements
The dynamic shear rheological analysis was used to
study the viscoelasticity of BPLA/CNT in the foaming process. These rheological parameters are highly sensitive to
molecular chain architecture and CNT dispersion structure. When diﬀerential blending ratios of BPLA/CNT
were induced, the topological structure of molecular
chains was changed, and the rheological parameters of
BPLA/CNT were subsequently changed. To investigate
the foaming behaviors of BPLA/CNT more accurately,
three techniques, i.e., plots of storage modulus, complex
viscosity, and loss factor versus various frequency, were
used. Figure 5a displays the inﬂuence of CNT on G′ of
BPLA. This value played an important role in controlling
foaming process (42,43). G′ represented the melt elastic
behavior of polymer melt. For foaming purpose, melt
elasticity is usually considered as a key indicator of

foamability. The higher the G′ value, the better the melt
elasticity is. The G′ of BPLA was higher than that of LPLA,
which implied that its melt elasticities were enhanced
(44). Moreover, a plateau could be observed at a low
frequency of ∼0.1 rad/s in case of BPLA/CNT. Hingmann
et al. proved that both the increment of G′ and the existence of plateau zone were signatures of existing long-
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heterogeneous nucleation eﬀect of CNT. The spherulite
morphology characterized had a similar trend as the
results of isothermal crystallinity previously.
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Figure 3: DSC curves of diﬀerent PLA samples.
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Table 1: Thermal property parameters of diﬀerent PLA samples
Samples

Tg (°C)

Tcc (°C)

Hcc (°C)

Tm1 (°C)

Tm2 (°C)

Hm (°C)

χa (%)

LPLA
BPLA
BPLA/CNT4
BPLA/CNT8
BPLA/CNT12
BPLA/CNT16

62
60
60
60
60
60

126
—
119
116
109
106

16
—
27
22
22
20

152
155
152
152
150
149

—
—
157
158
158
157

21
1
28
23
24
22

5.05
1.27
1.17
1.64
2.02
3.03

chain-branched polymer (45). However, the G′ of the
BPLA/CNT decreased with the increasing CNT content.
As shown in Figure 2, this was because of the aggregation
of CNT, which decreased the entanglement degree of
branched molecules. Figure 5b shows the complex viscosity of BPLA/CNT, and this value is equivalent to melt
viscosity relevant to cell nucleation and growth during
foaming process (46). Obviously, diﬀerent BPLA/CNT
samples all displayed representative shear-shinning
behaviors. Compared with LPLA, BPLA/CNT had higher
complex viscosity value, especially at low-frequency
zone of 0.1–1 rad/s, which was caused by the same reason
for increase in G′. Loss factor is another rheologic parameter to estimate the molecular structure and viscoelasticity of BPLA/CNT. The smaller the tan δ, the faster the
elastic response of the sample is, and thus the higher
the melt elasticity is. Compared with G′, tan δ value accurately reﬂected the factor of melt elastic response rather

Figure 4: POM images of BPLA/CNT foams.

than the magnitude of melt elasticity. As shown in
Figure 5c, it was obvious that the tan δ of BPLA was
smaller than that of LPLA, which showed the superior
melt elasticity enhancing eﬀect of branched structure.
Moreover, adding CNT would lead to a higher value
than that of BPLA, and the tan δ value could be further
increased with the increase in CNT content.

3.4 Cellular morphology
The resultant cellular morphology and the relevant
cellular structure parameters of BPLA/CNT foams are
shown in Figure 6a and Table 2, respectively. Due to
the poor melt elasticity of LPLA, its cells ruptured easily
in the foaming process; thus the cellular morphology of
LPLA was not shown in Figure 6. After the branching
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Figure 5: Rheological curves of BPLA/CNT: (a) storage module curves, (b) complex viscosity curves, and (c) loss factor curves.

reaction, BPLA’s melt elasticity, complex viscosity, and
loss factor were greatly enhanced as shown in Figure 5,
which relief the cell rupture and combination. As a result,
a cellular morphology with pentagonal dodecahedron
cells was obtained as shown in Figure 6a. With the increase
in CNT content, the cells of BPLA/CNT foam were likely
evolved from polyhedron to sphere, which was a consequence of the decreasing melt elasticity. Moreover, the
cross-sectional morphology and cell surface of cell wall
in Figure 6b also displayed the impact of CNT content on
the foaming process. The section and surface of BPLA cells
were smooth. For BPLA/CNT4, many small burrs appeared
on the cross section of cell wall. These small burrs were the
CNT yarns. With further increase in the CNT content, the
number of small burrs increased, and the surface became
rough. The main reason for this phenomenon is that the

aggregated CNT remained steady in cell growth when cell
rupture and combination occur.
Table 2 shows the cellular morphology parameters of
BPLA/CNT foams. The expansion ratio of BPLA could
reach 9.92 because of the enhanced melt elasticity.
Furthermore, inducing CNT to BPLA led to the decrement
in expansion ratio from 7.13 to 3.99. The cell growth was
controlled by rheological properties, which in turn aﬀected
the cell size and cell wall thickness of PLA foam. As shown
in Table 2, the high melt elasticity of BPLA melt could
withstand the stretching force during cell growth, avoiding
the collapse of the foamed structure. Thus, its cell size was
the largest of 115 μm, and its cell wall thickness was the
smallest of 7 μm. With the increase in CNT content, the cell
size of BPLA/CNT decreased to 68 μm, and its cell wall
thickness increased to 32 μm.

Electrically conductive and light-weight branched PLA-based CNT foams
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Figure 6: (a) Cellular structure of BPLA/CNT foams; (b) cellular wall of BPLA/CNT foams.

By comparing the cell density of BPLA foam, the cell
density of BPLA/CNT foams increased from 7.42 × 106 to
1.59 × 107 cell/cm3 and then decreased to 4.51 × 106 cell/cm3,
eventually. The reason is that the foaming temperature
was set to 140℃, and this temperature was between

Tcc and Tm for all PLA samples. According to the thermal
properties of BPLA/CNT at 140℃, amorphous phase,
spherulites, and CNT existed in the matrix. Thus, besides
homogeneous cell nucleation, heterogeneous cell nucleation also occurred at the spherulite–amorphous phase

Table 2: Cellular morphology parameters of BPLA/CNT foams
Samples

Density (g/cm3)

Expansion ratio

Cell density (cell/cm3)

Cell size (µm)

BPLA

0.125

9.92

7.42 × 106

104
115+−42

7

52
87+−41

15

Cell wall thickness (µm)
7

BPLA/CNT4

0.174

7.13

1.55 × 10

BPLA/CNT8

0.204

6.08

1.59 × 107

22
76+−27

18

34
72+−22
57
68+−26

22

BPLA/CNT12

0.263

4.72

9.25 × 10

BPLA/CNT16

0.311

3.99

4.51 × 106

6

32

104



Wei Liu et al.

interfaces and at the interface between BPLA and CNT in
the foaming process. The twofold cell density of BPLA/CNT
foam as that of BPLA foam was attributed to the cell
nucleation eﬀect of CNT. However, the aggregations would
be generated when the concentration of CNT is higher
than 8 wt%, which compromised the cell nucleation eﬀect.
The formation of the cellular structure might aﬀect the
electrical conductivity of BPLA/CNT.

3.5 Electrical resistivity
The electrical resistivity of unfoamed and foamed
BPLA/CNTs is shown in Figure 7a. For the unfoamed samples, the increase in the CNT content in the BPLA led to
a sharp decrease in electrical resistivity from 1.10 × 109
to 3.51 × 104 Ω/m, whereas the electrical resistivity of
foamed BPLA/CNT also depends on the CNT content. At
the same CNT content, the electrical resistivity of foamed
BPLA/CNT was similar to that of the unfoamed one.
However, the foamed BPLA/CNT with high CNT content
presents a lower electrical resistivity compared with
the unfoamed counterpart. For instance, the electrical
resistivity of foamed and unfoamed BPLA/CNT16 was

(a) 10

10

unfoamed BPLA/CNT composites
foamed BPLA/CNT composites

9

10
Electrical resistivity (Ω⋅m)

3.51 × 104 and 4.80 × 104 Ω/m, respectively. The main
reason was because of the aggregation and secondary
dispersion of CNT inside the cell wall. It could further
induce an aligning structure and a decrease in the average
distance between CNTs by secondary dispersion as shown
in Figure 8. Thomassin et al. also found that the foamed
polycaprolactone/CNT had a higher conductivity (47).
Lin et al. reported that the percolation threshold of
PLA/CNT was ∼0.75 wt% (48). In this study, the CNT contents
were above the electrical percolation threshold and showed
quite low mean resistivity values between 4.30 × 106 and
3.51 × 104 Ω/m; thus, the percolation threshold values were
not characterized.
The conducting performance of BPLA/CNT foams
was also indicated by serving as a conductor in a circuit
to light up a light-emitting diode (LED) powered by a 3V
button battery as shown in Figure 7b. Compared with
unfoamed BPLA/CNT, the LED became more brighter
when foaming materials were contained in the circuit,
suggesting elongated conducting paths in cell walls and
decreased resistance. This change implied the BPLA/CNT
foams could serve as a pressure sensor.
In brief, the mechanism of enhancement of electrical
conductivity in BPLA/CNT foams can be concluded in

108
107
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-2

0

2

4

6
8
10 12
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14

16
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(b)

Figure 7: (a) Electrical resistivity of BPLA/CNT composite foamed and unfoamed in function of CNT content; (b) conductive eﬀect of
BPLA/CNT foamed and unfoamed samples.
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Figure 8: Cross section of cellular wall of BPLA/CNT foams.

Figure 9: Schematic illustration for the dispersion morphologies of BPLA/CNT foams.

Figure 9. The CNT was diﬃcult to produce uniformly
oriented structure in polymer matrix; thus, CNT tends
to aggregate during the melt blending process, and the
CNTs and the spherulites could serve as cell nucleation
sites. More cells would nucleate in the BPLA matrix,
which brought about more cell growth in the foaming
process. At this stage, the BPLA resin surrounding the

cell walls withstood an intensive bi-axial tension, and
the aggregated CNTs embedded in cell walls also further
form an oriented and eﬃcient conductive network as
shown in Figure 8. The higher the CNT content, the
more eﬃcient the formation of oriented structure. As a
consequence, the LED is brighter when foam was in series
in the circuit.
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4 Conclusion
As described above, an eﬀective method was developed
to prepare highly electrically conductive BPLA/CNT foams.
In the process, epoxy-based acrylic/styrene copolymer can
serve as an eﬃcient chain extender for the formation of
BPLA. The adding of CNT could increase the crystallinity of
BPLA from 1.17% to 3.03%. The thermal results indicated
that α′ crystalline was the major crystalline form of BPLA,
and the existence of CNT induced more formation of
α crystalline in BPLA. However, an increase in the content
of CNT in BPLA resulted in slightly lower rheological parameters. Thus, the densities of BPLA/CNT foams were
between 0.174 and 0.311 g/cm3. The electrical resistivity of
unfoamed BPLA/CNT16 could reach 3.51 × 104 Ω/m, and its
foamed counterpart further decreased to 4.80 × 104 Ω/m.
In terms of cost-eﬀectiveness, compared to PLA (2.20 $/kg),
CNT is an expensive substance (i.e., 42.00 $/kg). Compared
with 100 wt% CNT aerogel or foams, CNT accounts for up to
ca. 16 wt% in BPLA foam (7.49 $/kg, only 17.83% of the cost
of CNT), which could oﬀer a well-percolated CNT network
structure. A bio-degradable, electrically conductive, and
light-weight BPLA could be obtained. Thus, the BPLA/CNT
foams have the potential of stimulating the development
of useful high-end electronic applications.
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