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This study provides a comprehensive investigation of the fabrication of novel composite materials by blending
polybutylene adipate terephthalate (PBAT) with barium titanate (BaTiO3) and multiwalled carbon nanotube
(MWCNT) fillers. Prior to fabricating the composites, the filler surface treatments were tailored to enhance their
compatibility with the PBAT matrix. Adipic acid (AA), a monomer for PBAT, was employed on the surface of the
BaTiOj particles, while butanediol (BD) also a monomer of PBAT was used to modify the surface of the MWCNTs
to ensure effective interaction with the PBAT chains during the composite fabrication process. The composite
samples were produced by melt-blending at 140 °C, followed by injection molding at the same operating tem-
perature for subsequent analysis. The results revealed remarkable improvements in the dielectric constant,
thermal conductivity, fire retardancy, and tensile strength of the 40 wt% BaTiO3 and MWCNT-PBAT blends
compared to pure PBAT. The incorporation of BaTiO3 additionally contributed to enhanced fire retardancy,
mechanical properties, and dielectric properties, making the composite material more resistant to ignition and
flame spread, thus rendering it suitable for applications requiring elevated fire safety. In addition, the inclusion
of MWCNT improved thermal conductivity, enabling promising and efficient heat dissipation in various

applications.

1. Introduction

The continuous drive for miniaturization in electrical and power
systems has led to growing interest in developing compact materials
with superior energy storage and efficient heat dissipation capabilities
[1-6]. Among the various materials under investigation, electrostatic
capacitors have emerged as a favorable choice owing to their rapid
charge-discharge characteristics, reduced dielectric losses, and ability
to withstand strong electronic fields. Capacitors have a wide range of
applications in power supplies, defibrillators, actuators, inverters in
electric vehicles, pulse networking, and electronic packaging. To meet
the ever-evolving demands of such applications, efforts are required to
enhance these materials’ dielectric properties and thermal conductiv-
ities [2,7-12].

Polymer materials are widely utilized in dielectric and heat-
dissipation applications because of their cost-effectiveness, lightweight

nature, and flexibility. However, their inherent limitations, such as low
dielectric constants and thermal conductivities, pose challenges to their
effective utilization in high-performance applications [5,13, 14-21,
22-26]. To address these limitations, researchers have explored incor-
porating various filler materials into polymer matrices to enhance their
properties. L. Zhao et al. proposed a solution for this by utilizing epoxy
with SiC nanoparticles and BN to enhance the dielectric property and
thermal conductivity. They coated the surface of SiC nanoparticles with
SiO2 and prepared the hybrid filler with BN and obtained a dielectric
constant of 8.19 and 0.72 W/(m.K) of thermal conductivity [20]. T. Taha
et al. investigated the dielectric and thermal stability of PVA by incor-
porating SrTiOs and increased the dielectric constant and thermal sta-
bility [27].

Notably, barium titanate (BaTiO3) and multiwalled carbon nano-
tubes (MWCNTSs) have shown promise for significantly improving the
dielectric constant and thermal conductivity of polymer composites.
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The surfaces of BaTiO3 and MWCNTs can be improved through
suitable surface treatments to enhance their dispersion and compati-
bility within the polymer matrix. The crystal structure of BaTiO3 enables
the accumulation of electric charges at the interface between the me-
dium and the polymer material [7,28] [-] [30], leading to a higher
polarization density and improved dielectric constant. However,
MWCNTs exhibit excellent thermal conductivity, rendering them a
compelling choice for enhancing heat dissipation in polymer
composites.

Considering the increasing demand for advanced polymer compos-
ites, developing materials with enhanced fire-retardant properties is
imperative to ensure safety in electronic applications [31-33]. There-
fore, the current study focused on improving the thermal conductivity,
dielectric properties, and fire retardancy of PBAT composites by incor-
porating BaTiO3 and MWCNTs, with particular emphasis on optimizing
their surface properties.

PBAT, a thermoplastic polyester, has garnered significant attention
owing to its excellent mechanical properties, including high flexibility,
toughness, and elasticity and its biodegradable nature [32,34]. How-
ever, like many other polymer materials, PBAT exhibits limitations in
terms of its thermal conductivity and dielectric properties [3,6,35,36].
Researchers have explored various approaches to address these chal-
lenges, such as incorporating filler materials into the polymer matrix.
BaTiO3, which exhibits a high dielectric constant owing to its crystal
structure, has shown considerable potential for enhancing the dielectric
properties of polymer composites. Moreover, MWCNTs, with excep-
tional thermal conductivity, have emerged as an attractive option for
improving heat dissipation in polymer composites.

In this study, we investigated the fabrication of polymer composites
via melt blending and low-speed melt extrusion by employing appro-
priate surface treatments to enhance the dispersion and compatibility of
fillers within the PBAT matrix. By incorporating BaTiO3 and MWCNTs,
we aimed to develop a multifunctional polymer composite with
improved thermal conductivity, dielectric properties, and fire retard-
ancy, making it a promising candidate for various electronic applica-
tions. The focus of this study is to achieve an overall improvement in the
thermal conductivity, dielectric properties, and fire retardancy of PBAT
composites by combining the benefits of BaTiO3 and MWCNTs and
optimizing their surface properties. The resulting multifunctional poly-
mer composites are expected to exhibit significant improvements in
their critical properties, making them highly suitable for various elec-
tronic applications.

This study contributes to the field of advanced polymer composites
by addressing the challenges posed by the inherently low thermal con-
ductivity, poor dielectric properties, and fire retardancy of PBAT.

2. Experimental
2.1. Materials

The thermoplastic polymer PBAT was supplied by Dong-Sung
Chemical, Ulsan, Korea. Acetone, oxalic acid anhydrous (OHA) were
acquired from Dae-Jung Chemical and Metal Co., Ltd. (Seoul, Korea).
Barium titanate (BaTiOs; 10 pm, 99 %) was procured from Alfa Aesar
(USA). MWCNTs, tetrabutoxytitanium, and adipic acid (AA) were ac-
quired from Sigma-Aldrich (St. Louis, MI, USA).

2.2. Methods

The surface reactivity of the BaTiOs particles is insufficient for
effective bonding with the PBAT matrix. Therefore, enhancing their
surface properties is crucial to facilitate proper adhesion to the PBAT
matrix. To address this issue, adipic acid was introduced, and tetrabu-
toxytitanium was employed as catalysts. Initially, adipic acid was dis-
solved in acetone, and BaTiOs particles were introduced into the
solution. The resulting mixture was placed in an oil bath at 65 °C while
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stirring, and tetrabutoxy titanium was added to serve as a catalyst,
promoting interaction between BaTiOs particles and adipic acid, and the
treatment was continued for 24 h. A 3 wt% concentration of adipic acid
was used for treating the surface of BaTiO3 particles. Adipic acid was
chosen because it is a monomer in the PBAT polymer matrix, which aids
in enhancing the surface morphology by reacting with the PBAT chains.
The surface modification process is demonstrated in Fig. 1 (a).

In addition, the MWCNTSs were subjected to oxalic anhydrous treat-
ment in acetone to attach carboxylic groups to the MWCNT surface.
Anhydrous oxalic acid treatment was performed in an oil bath with
stirring at 80 °C for 4 h. Once the carboxylic attachment was completed,
5 wt% BD was supplied to the solution upon stirring. The mixture was
stirred for 24 h and then subjected to vacuum filtration to separate
MWCNTs from the solvent. The filter cake was dried in an oven for 24 h
at 60 °C. BD is also a monomer of PBAT, which implies that treatment of
the MWCNT surface with BD enhances the interaction between PBAT
and the filler. Fig. 1 (b) shows the surface modification of MWCNTs with
BD.

To prepare the composites, a constant 3 wt% MWCNT was used, and
the amount of BaTiO3 was varied to evaluate its effect. Slow-speed melt
blending technique was used to fabricate the composite materials at the
processing temperature of 140 °C. The extrusion speed was lowered to
control the viscosity in order to prevent processing hindrance. Four
composite samples were prepared by varying the BaTiOs particle con-
tent while keeping the MWCNT content constant at 3 wt%: 10, 20, 30,
and 40 wt% of BaTiOs particles +3 wt% MWCNTs for each, one with 40
wt% BaTiOg3 particles and another one with only 3 wt% MWCNT com-
posites. After obtaining the melt-blended composites, the specimens
were injection-molded to obtain specific products for analysis, dog-bone
shaped and circular disks. During injection molding, neat PBAT was also
molded for comparison with the fabricated composites at medium in-
jection and rotor speeds. Thus, the samples were designated as PBAT,
BT, CNT, 10, 20, 30, and 40, representing the neat PBAT (40 wt%
BaTiO3 particles-PBAT, 3 wt% MWCNT-PBAT, (10, 20, 30, 40 wt%
BaTiOs particles) + 3 wt% MWCNT-PBAT polymer matrix, respectively.
This study aims to investigate the influence of varying the filler content
and surface treatment on the mechanical properties of composite ma-
terials. Based on this comprehensive analysis, it is anticipated that the
developed composites will exhibit improved mechanical characteristics
compared to those of neat polymers, making them promising candidates
for various engineering applications.

2.3. Characterization

Surface modifications of the BaTiO3 and MWCNT particles through
adipic acid and BD attachment, respectively, were analyzed using
Fourier-transform infrared (FTIR) spectroscopy (Nicolet, IS5, Thermo
Fisher Scientific, Seoul, Korea). The surface morphologies of the adipic
acid-treated BaTiO3 particles and BD-treated MWCNT particles, along
with the various polymer composites, were investigated using field
emission scanning electron microscopy (FE-SEM; Sigma, Carl Zeiss,
Oberkochen, Germany) after fracturing each specimen with liquid ni-
trogen and applying a Pt coating to prevent charging. The quantities of
BD and adipic acid groups attached to the MWCNT and BaTiOs particles
were determined using thermogravimetric analysis (TGA, TGA-2050, TA
Instruments, New Castle, DE, USA) and X-ray photoelectron spectros-
copy (XPS; K-Alpha, Thermo Fisher Scientific). In addition, the ther-
mogravimetric properties of neat PBAT, PBAT-MWCNT blend, and
various (MWCNT-BaTiO3)-PBAT composites were investigated in the
temperature range of 30-600 °C under a nitrogen gas atmosphere to
prevent further oxidation.

The mechanical properties of the fabricated composite materials,
including the tensile strength and elongation at the breaking point, were
analyzed using a universal testing machine (UTM; model UTM-301, R&B
Corp., Daejeon, Korea) according to the ASTM D412 standards at room
temperature, with a cross-head speed of 10 mm/min and a loading force
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Fig. 1. (a) Surface treatment of MWCNT with butanediol and (b) Surface modification of BaTiO3 particles with adipic acid.

of 1 kN. Dog-bone-shaped melt-extruded specimens were prepared using
a mini-molding machine,. The average tensile strength and elongation
values at the breaking point were determined for three specimens of
each sample.

Thermomechanical properties of the composite materials were
studied by dynamic mechanical analysis (DMA 8000, PerkinElmer, USA)
in the temperature range of —70 to 130 °C. The analysis was conducted
with pressurized liquid nitrogen to achieve —70 °C, followed by a
heating rate of 3 °C/min.

The dielectric properties of the composite materials were studied
using an impedance analyzer (Agilent, 4294 A) in the frequency range of
40-107 Hz. In addition, the thermal conductivities of the composites at
room temperature were determined using laser flash analysis (LFA467
Hyper-Flash, Netzsch Instrument Co., Selb, Germany) by preparing cir-
cular specimens with a thickness of 1.4 mm and a diameter of 10 mm.

Finally, we conducted additional investigations using the Un-
derwriters Laboratory (UL94-V) test to analyze the fire-resistance
mechanisms. This involved subjecting the 130 x 13 x 3 mm® compos-
ite samples to direct flame for a specific duration.

3. Results and discussion

Harnessing the synergistic effects of BaTiO3 and MWCNTs, coupled
with surface improvements, is essential for achieving significant en-
hancements in the key properties of PBAT composites, thereby facili-
tating the development of high-performance materials suitable for
various electronic applications.

In this study, we investigated the effects of BD treatment on
MWCNTs and adipic acid treatment of BaTiO3 particles using various
analytical techniques. We employed TGA, FE-SEM, and FTIR spectros-
copy to study the chemical and physical changes in the particles after BD
treatment. In addition, we analyzed the adipic acid treatment of the
BaTiO3 particles using XPS to investigate whether the carbon group
arising from adipic acid was available on the BaTiO3 particle surface.

FTIR spectroscopy of the BD-treated MWCNT particles (Fig. 2(a))
revealed the presence of hydroxyl, methylene, and carbonyl groups on
the particle surfaces, as evidenced by peaks at 3440, 2950, and 1100
em™!, respectively. These functional groups originate from the BD
molecules that contain hydroxyl, methylene, and carbonyl groups from
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Fig. 2. Characterization of surface treatment of MWCNT and BaTiO3 particles: (a) and (b) FTIR investigation and TGA of BD modified MWCNTSs respectively; (c) and
(d) FTIR and TGA investigation of adipic acid modified BaTiO3 particles respectively; and (e) and (f) are morphological investigation of pristine and adipic-acid-

treated BaTiO3 particles respectively.
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the addition of oxalic acid to the surface of the MWCNTs. The FTIR
investigation Similarly, the FTIR spectra of the adipic acid-treated
BaTiOg particles (Fig. 2(c)) exhibited distinct peaks corresponding to
methylene, carbonyl, and C-O groups at 2950, 1660, and 1380 cm’l,
respectively. These functional groups arise from adipic acid groups.
The FE-SEM images of the pristine BaTiOg particles and adipic-acid-
treated BaTiOj3 particles are shown in Fig. 2 (e and f). A smooth surface
was observed for the pristine BaTiOg particles (Fig. 2(e)), whereas adipic
acid was distributed over the surfaces of the BaTiOs3 particles, as shown
in Fig. 2(f). The evenly distributed particles in Fig. 2(f) were considered
adipic acid molecules, which details the treatment of BaTiOs3 particles.
The TGA results for the BD-MWCNT and adipic acid-BaTiOs particles
are shown in Fig. 2(b) and (2), respectively. The result in Fig. 2(b) in-
dicates that the MWCNTSs were thermally stable up to 480 °C, and after
this temperature, some of the MWCNTs degraded. However, the BD-
treated MWCNTs started degrading at 180 °C, at which the moistures
degrade, and the butane groups started degrading. At temperatures
>500 °C, ~3 wt% of MWCNTs degraded, corresponding to the amount
of BD groups attached to the surface of the MWCNTs to modify their
surface. Similarly, a TGA investigation of adipic acid-treated BaTiO3
particles was performed compared to pristine BaTiO3 particles (Fig. 2
(d)). The pristine BaTiOg particles exhibited a highly thermally stable
region even at higher temperatures, and no degradation was observed.
However, as expected, the adipic acid-treated BaTiOs particles started
degradation at lower temperatures and continued until 550 °C, the
temperature at which the reacted adipic acid groups completely
degraded, and the remaining residue is considered BaTiOs particles.
Approximately 2.5 wt% of the total weight was degraded, which stip-
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composition of the pristine BaTiOs3 particles and BaTiO3 particles treated
with adipic acid molecules. Prior to XPS analysis, the particles are
subjected to drying to prevent moisture disturbance during analysis. The
outcomes of the XPS analysis are depicted in Fig. 3. Broader survey scans
of XPS analysis for both pristine and adipic acid-functionalized BaTiO3
particles are presented in Fig. 3(a). The binding energy of 285 eV is
attributed to Cls originating from the adipic acid introduced during the
surface functionalization of BaTiOg particles.

To further examine whether the XPS spectra depict the surface
modification of BaTiOs particles with adipic acid molecules as compared
to pristine BaTiO3 particles Gaussian fitting was employed for decon-
volution. The deconvolution results for adipic acid treated BaTiO3 par-
ticles are presented in Fig. 3(b, c and d). In addition, Table 1 shows an
increase in the atomic percentage of carbon atom in the adipic acid
treated BaTiOg3 particles as compared to pristine BaTiOg particles. The
atomic percentage of Cls increased from 25.14 (pristine BaTiOs parti-
cles) to 42.25 wt% (adipic acid treated BaTiO3 particles) which is due to
the attachment of adipic acid to the BaTiOj3 particles. In addition a drop
in the atomic percentage of Ba3d, Ti2p and O1s is observed for the adipic
acid treated BaTiOj3 particles, which might be due to the occupation of
the area by Cls arising from adipic acid.

The FE-SEM images in Fig. 4 (a and b) reveal the surface morphol-
ogies of the various fractured specimens. The neat PBAT exhibited a
fractured ladder-like morphology, suggesting a ductile nature (Figure a).

Table 1
Atomic percentage of pristine and adipic acid treated BaTiO3 particles.

. . K K Name Atomic % (PBT) Atomic % (BT-AA)
ulates that the adipic acid attached to the surface BaTiOs particles was
2.5 wt%, and the rest 2.5 wt% was unreacted as 5 wt% adipic acid was Ba3d 16.39 7:53
in th £ £ . icles in th . 1 O1s 45.96 39.58
used in the surface treatment of the BaTiOj3 particles in the previously Ti2p 12.51 10.64
conducted analysis. Cls 25.14 42.25
Furthermore, XPS analysis is employed to distinguish the elemental
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Fig. 3. XPS investigation: (a) Survey scan of pristine and adipic acid treated BaTiOj3 particles; (b, ¢, d, and e) Deconvoluted peaks of O1s, Ti2p, Ba3d and C1s of adipic

acid treated BaTiOs particles respectively.
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Fig. 4. (a) FE-SEM images of pristine PBAT; (b) PBAT with 30 wt% of BaTiO3 particles and MWCNT and (c) TGA analysis.

The FE-SEM image in Fig. 4 (b) reveals that the adipic-acid-modified
BaTiOg3 particles and BD-treated MWCNT were well distributed in the
PBAT matrix. This demonstrates good interfacial adhesion between the
filler particles and PBAT blend because of the compatibilizing nature of
the adipic acid treatment and reaction between the BD molecules and
PBAT soft segments.

The TGA results of the PBAT composites are shown in Fig. 4 (c).
Compared to neat PBAT, the thermal stability of the PBAT-MWCNT
composite was enhanced by the addition of BD-treated MWCNTs and
adipic acid-modified BaTiO3 particles. The neat PBAT displays two
thermal degradation regions: (i) degradation of the BD segments in
PBAT, starting at 380 °C, continuing linearly up to 410 °C, and
completing at 415 °C; (ii) degradation of adipic acids in PBAT, starting
at 420 °C and continuing linearly up to 425 °C, with <1 wt% residues
remaining. Therefore, PBAT is a thermally stable polymer. Similarly, the
BD-MWCNT-adipic acid-BaTiO3-PBAT composites exhibit two-stage
thermal degradation: (i) degradation of the adipic acid chain of PBAT,
with immediate effect at 370 °C; (ii) degradation of the remaining seg-
ments, along with complete degradation of BD and adipic acid groups,
between 380 and 420 °C;, with the remaining residues being MWCNTs
and BaTiOs particles. The thermal stability of PBAT was superior to the
other components, which is attributed to its higher glass transition
temperature, as discussed in the DMA investigation. This indicates PBAT
is more resistant to degradation or deformation when subjected to
greater heat. The degradation patterns of the specimens considered is
summarized in Table 2. The thermal degradation regions for various
composites, particularly in the residue region, varied based on the in-
clusion of the filler material weight percentages within the PBAT matrix.

The mechanical properties of the various PBAT composites were
elucidated using the UTM results, as shown in Fig. 5. The average tensile
strength of neat PBAT was ~5.6 MPa. The tensile strength increased
(displaying a maximum point) upon including adipic-acid-treated
BaTiOg particles, reaching ~7.4 MPa (Fig. 5 (a)). By comparison, the
PBAT-MWCNT polymer blend exhibits a tensile strength of 5.2 MPa, the
lowest of all the specimens. The tensile strength of the PBAT-CNT
composites improved with the addition of BaTiOs particles. The
strength at break increased proportionally with the loading percentage
of BaTiOs particles added to the matrix. 40 showed the highest (~7.0)
strength at break, but this value was lower than that of BT. Thus, the

Table 2
Degradation stages of the composites.

Specimen  Initial degradation temperature (°C)  Final residue Temperature (°C)
PBAT 380 425
BT 370 420
30 365 419

40 368 420

insertion of MWCNTs deteriorated the mechanical properties, whereas
including BaTiO3 particles improved the strength at the breakpoint.
Moreover, the elongation at break was not adversely affected by adding
the MWCNTs or BaTiOj3 particles, as shown in Fig. 5 (b). The elongation
at break for the MWCNT composite displayed a slight drop compared to
the performance of the other specimens, which is owing to the nature of
MWCNTs and poor mechanical properties of carbon materials.

The dynamic mechanical analysis (DMA) results in Fig. 6 provide
insights into the thermomechanical properties of various (BD-treated
MWCNTs and adipic acid-modified BaTiO3)-PBAT composites. The
storage modulus reflects the stiffness of each composite, and the glass
transition temperature is represented by the tan & value. As the loading
percentage of the filler relative to the matrix increased, the storage
modulus at low temperatures increased (Fig. 6 (a)). At room tempera-
ture, the storage modulus curve evolved from a concave downward
trend to a concave upward trend, with 40 composites exhibiting the
highest value. Fig. 6 (b) stipulates the glass transition temperatures of
—20 °C for the neat PBAT, and the incorporation of the filler particles
causes the curve of each composite to shift to the right, indicating a
higher glass transition temperature compared to the neat PBAT. By
contrast, the MWCNT composites demonstrate a shift towards the left, as
shown by the arrow in Fig. 6 (b).

The charge storage capabilities of the various composites were
revealed through the impedance characteristics shown in Fig. 7. Fig. 7
(a) shows the dielectric constant at variable frequencies in the range of
40-10Hz. At lower frequencies, neat PBAT samples demonstrated a
poor dielectric constant of ~2; similarly, the MWCNT-PBAT (CNT)
composites displayed a poor dielectric constant of ~3.5. Including
BaTiOg particles significantly improved the dielectric constant; for BT, it
became >43, approximately the same region as the 40 composites. As
the frequency increases, the dielectric constant of each specimen de-
creases to a minimum and remains constant after that. Throughout the
frequency range, neat PBAT exhibited the lowest dielectric constant,
followed by the CNT composite and, finally, the 10 composites. The
dielectric constants were determined at a constant frequency of 1 MHz.
At 1 MHz frequency, PBAT exhibited the lowest value of 1.4, followed by
that of the CNT composite, whereas the composites containing BaTiO3
particles exhibited a higher dielectric constant. Forty composite speci-
mens attained a dielectric constant of 27.5, which was 1800 % higher
than that of the neat PBAT matrix. Thus, a composite with a very high
dielectric constant was obtained upon the inclusion of 40 wt% BaTiO3
particles and 3 wt% MWCNTs. Table.

The fire-resistance mechanisms of the composites were studied by
analyzing their burning behavior using UL94-V testing. The images of
the samples after the UL94-V test are shown in Fig. 8. When a flame was
applied, the PBAT sample immediately emitted drips, indicating poor
fire resistance. Furthermore, the CNT composites displayed a fast
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burning rate in a similar fashion but with a lower dripping rate
compared to neat PBAT. Interestingly, the BT composites showed higher
resistance to burning and almost no dripping rate, even after waiting for
>15 s. Therefore, we concluded that the BaTiO3 particles have a higher
fire resistance property than the other composites in this study. How-
ever, including MWCNTs and BaTiOs in the PBAT composites caused the
composite materials to burn but with a much lower dripping rate than
the CNT-PBAT composites. Table 3 describes the dripping performance
of the composites investigated by UL-94.

LFA was used to investigate the thermal conductivity of PBAT
composite materials with adipic acid functionalized BaTiOs and buta-
nediol treated MWCNT particles. Typical polymer materials exhibit
notably low thermal conductivity values, generally below 0.2 W/(m-K).
The thermal conductivity is typically influenced by factors such as filler
alignment within the polymer matrix, polymer chain defects, and the

presence of voids. The thermal conductivity (K) of composite materials
is calculated using the relationship depicted in equation (1).

: K=pCpd equation 1

The LFA machine determines the thermal diffusivity based on the
thickness (1.43 mm) and diameter (10 mm) of the sample, while the
values of Cp and p are obtained from differential scanning calorimetry
and considering the particle as circular disks, respectively.

This study delves into the impact of incorporating adipic acid func-
tionalized BaTiO3 and butanediol treated MWCNT particles into PBAT
polymer matrix on thermal conductivity. As the loading percentage of
adipic acid functionalized BaTiO3 and butanediol treated MWCNT par-
ticles increases, the thermal conductivity experiences a linear increase
as shown in Fig. 9. With the addition of 40 wt% adipic acid function-
alized BaTiO3 and butanediol treated MWCNT particles into the PBAT
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Fig. 7. (a) Dielectric constant at variable frequency; and (b) Dielectric constant at 1 MHz.
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matrix, a remarkable enhancement of 245 % in thermal conductivity is which is 3.6 times of the neat PBAT. It was assumed to improve the
achieved compared to the neat PBAT matrix. This enhancement can be thermal conductivity more however due to polymer chain defects it was
attributed to the presence of 3 wt% MWCNT in conjunction with BaTiO3 hindered.
particles, summing up to a total filler content of 40 wt% relative to the
polymer matrix. It can be observed in the figure that inclusion of 3 wt%
of CNT has increased the thermal conductivity up to 0.92 W/(m.K)

PBAT

Fig. 8. Photographs of UL 94 results.
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Table 3
UL-94 results dripping performance.
Sample Dripping
PBAT Yes
BT No
CNT Yes
10 Yes
20 Yes
30 Yes
40 Yes

1.0
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0.4

0.2

Thermal Conductivity (W/(m.K))
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PBAT BT CNT 10 20 30 40

Fig. 9. Thermal conductivity of the composites.
4. Conclusion

In this study, we aimed to enhance the dielectric properties and
thermal conductivities of polymer blends containing PBAT by incorpo-
rating a suitable mixed filler. Mainly, BaTiO3 particles were introduced
to improve dielectric properties, whereas MWCNTs were used to
enhance thermal conductivity. Hydroxylation was applied to the BaTiO3
particles to activate surface reactivity, followed by functionalization
with adipic acid (AA), which acted as a compatibilizer between the two
polymer components in the matrix. Similarly, the MWCNT particles
were hydroxylated and reacted with BD molecules, which subsequently
reacted with the PBAT soft segments. The composites were prepared
using a melt-blending technique and further analyzed for their mor-
phologies, thermal stabilities, viscoelastic properties, tensile properties,
thermal conductivities, and dielectric properties. The results revealed
that the inclusion of BD-treated MWCNTs and AA-modified BaTiO3
particles improved the thermal stability of the composite while retaining
an increased tensile strength compared to that of neat PBAT; however,
the composite containing only MWCNTs attained the lowest tensile
strength and elongation at break. Furthermore, the dielectric constant of
the 40 composites at 1 MHz displayed a remarkable 18-times increment
compared with that of the PBAT matrix. In addition, the inclusion of BD-
treated MWCNTs and AA-modified BaTiOg3 particles increased thermal
conductivity. Adding BaTiO3 particles also improved the fire resistance
properties of the composite.
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