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Abstract— In this work, thermal conductivity and mechanical properties of polycarbonate (PC)
composites reinforced with aluminium oxide (Al20s) graphite, and hexagonal boron nitride (BN),
were investigated at different filler loadings. Composites were prepared via melt mixing using a co-
rotating twin screw extruder, with polydimethylsiloxane and amino-functional silane employed to
improve filler dispersion. Through-plane thermal conductivity of PC/AL:Os (30%) and PC/Graphite
(30%) composites reached 0.6 and 3.01 W/mK, respectively, compared to 0.27 W/mK for PC.
PC/Al:Os remained electrically insulating, whereas PC/Graphite was conductive. PC/BN
composites, particularly at 10-15 wt%, achieved thermal conductivity up to 1.05 W/mK while
maintaining electrical insulation, with minimal impact on composite density. Mechanical properties
were also influenced by filler type and loading. PC showed tensile stress at yield of ~73 MPa and
elongation of ~5%. While Al:Os and graphite reduced elongation, PC/BN composites maintained
tensile stress at yield of 60—70 MPa and moderate elongation (2—3.5%) with elastic modulus, without
significantly increasing density. These results highlight that BN is an effective reinforcing filler,
providing an optimal combination of thermal conductivity, electrical insulation, mechanical
performance, and lightweight characteristics. PC/BN composites at 10—15 wt% are promising for
thermal management applications in electronics, energy storage, and automotive components.
Keywords— Aluminium Oxide / Graphite / Hexagonal Boron Nitride, Mechanical Properties,
Polycarbonate (PC), Thermal Conductivity

LINTRODUCTION

Polymers have become commonly used in modern industry and everyday applications because of their
combination of stability, mechanical flexibility, and low density [1]. As electronic devices are undergoing rapid
miniaturization and power density is increasing, effective thermal management has become an important
challenge to ensure device reliability and performance [2]. Polymers have inherently low thermal conductivity,
but despite this limitation they offer certain advantages such as relatively low cost, straightforward large-scale
processing, and adjustable structural properties that will continue to position polymers as potential candidates for
thermal management [3,4].

Previous studies show that the thermal conductivity of polymers can be improved by adding conductive fillers
[5,6]. Conventional low-aspect-ratio fillers are limited in effectiveness even at high loadings [7]. In contrast, BN-
based materials are particularly appealing due to their high thermal conductivity, thermal stability, wide band gap,
and electrical insulation [8]. Nevertheless, high interfacial thermal resistance between polymer and filler can
restrict overall performance, resulting in lower conductivity compared to metals and ceramics [9,10].

Current research focuses on strategies such as surface modification of fillers, hybrid filler systems, and
hierarchical composite architectures to reduce interfacial resistance and enhance heat transport [11, 12, 13]. The
table of thermal conductivities of polymers is presented in Table 1, showing that polymers generally have very
low thermal conductivities (0.1-0.5 W/m-K). Compared to metals and inorganic materials, these values are very
low, limiting their direct use in applications requiring efficient heat transfer [ 14]. Therefore, developing polymer
composites with highly conductive fillers is a promising approach [13].

Ceramic fillers, such as aluminium oxide (Al20s) [15], silisium dioxide (SiO2) [16], zinc oxide (ZnO) [17],
magnesium oxide (MgO) [18], beryllium oxide (BeO) [19], nickel oxide (NiO) [20], calcium oxide (CaO) [21],
aluminium nitride (AIN) [22], boron nitride (BN) [23], silicon nitride (SisNa4) [24], silicon carbide (SiC) [25], and
boron carbide (BC) [26], are preferred due to high intrinsic thermal conductivity, electrical insulation, and
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chemical stability. Particle size, morphology, dispersion, and interfacial compatibility with the polymer matrix
are critical for forming effective thermally conductive pathways [27]. Optimizing these factors enhances thermal
transport while maintaining mechanical and processing properties [28].

Additional studies emphasize filler orientation, hybrid filler combinations, and surface functionalization for
improved thermal conductivity. Proper dispersion and alignment of high-conductivity fillers can significantly
enhance performance even at low loadings [29]. Interfacial engineering, using coupling agents or polymer grafting,
reduces thermal boundary resistance [30]. Filler loading, particle size distribution, and matrix viscosity also affect
thermal transport. Strategies like 3D filler networks, anisotropic alignment, and hierarchical structuring maximize
heat transfer efficiency [31]. Comparative studies show that polymer/ceramic composites maintain electrical
insulation while achieving reasonable thermal performance [32]. Surface modification of BN and AIN improves
filler dispersion and network formation. Processing methods such as melt blending, solution casting, and hot
pressing influence the final microstructure and thermal conductivity. Advanced composites are being explored for
electronics [33], energy storage [34], electrical vehicles [35], combining mechanical flexibility [36], electrical
insulation [37], and thermal efficiency [38]. Well-designed filler architectures enable thermal conductivities
approaching or exceeding 10 W/m-K, while hierarchical designs integrating nano-, micro-, and macro-scale fillers
offer scalable and reliable solutions [39]. Understanding filler morphology, dispersion, interfacial adhesion, and
processing is key to optimizing performance [40]. Therefore, rational design principles and comprehensive
characterization of polymer/ceramic composites are essential for developing materials with tailored thermal,
mechanical, and electrical properties [41, 42].

In this study, polycarbonate (PC) was chosen as the polymer matrix because of its mechanical strength, thermal
stability, and inherent electrical insulation, making it suitable for demanding engineering applications such as
electric vehicle connector components. The research focuses on the development and characterization of thermally
conductive PC-based composites reinforced with aluminium oxide, graphite, and boron nitride, with the aim of
achieving materials that combine enhanced thermal conductivity with maintained electrical insulation, while also
evaluating their mechanical performance for advanced thermal management applications.

ILEXPERIMENTAL

A. Materials

In this study, polycarbonate (PC) with a melt flow rate of 7 g/10 min (300°C/1.2 kg) and a density of 1.20 g/cm?
was used. The filler materials used were Al:Os with grain sizes of Dso: 40-90 um and Dy7: 80—-140 pum, graphite,
known for its high thermal and electrical conductivity, and boron nitride (h-BN), which is electrically insulating
but offers high thermal conductivity. Phenolic and phosphide antioxidants were used for stabilization, and two
external and one internal lubricant were used for ease of processing.

B. Polymer Composites Preparation

As seen in Table 1 with sample codes and rates, the experimental work was carried out in three main groups. In
the first group (PC series), polycarbonate-based composites containing 30 wt% alumina or 30 wt% graphite were
prepared, alongside polycarbonate. In the second group (PH series), polycarbonate-based hybrid composites were
produced with combined filler loadings of 25 wt% alumina + 5 wt% graphite, 20 wt% alumina + 10 wt% graphite,
and 15 wt% alumina + 15 wt% graphite. In the third group (PB series), polycarbonate composites were prepared
with boron nitride at loadings of 5 wt%, 10 wt%, and 15 wt%. Thermal conductive fillers and polycarbonate raw
materials were dried at 120°C for 3 hours before the process. The compounding process was carried out in a
prototype co-rotating twin-screw extruder (L/D ratio of 46 and a screw diameter of 30 mm) at a temperature
profile of 250-280°C and a screw speed of 250 rpm, with a throughput capacity of 30-35 kg/h. The extrudates
were pelletized to obtain PC compound granules, which were subsequently injection-molded into test specimens.
All formulations from these groups were subsequently compared to evaluate their overall thermal, mechanical,
including measurements of thermal conductivity, melt flow properties, density, and surface resistivity.

TABLE 1 PC COMPOSITE FORMULATIONS WITH FILLER TYPES AND CONTENTS.

Sample Code | PC | ALOs | Graphite | BN | Lubricant | Antioxidants
PC1 99,5 | - - - 0,25 0,25
PC2 69,5 | 30 - - 0,25 0,25
PC3 69,5 | - 30 - 0,25 0,25
PH1 69,5 | 25 5 - 0,25 0,25
PH2 69,5 | 20 10 - 0,25 0,25
PH3 69,5 | 15 15 - 0,25 0,25
PB1 94,5 | - - 5 0,25 0,25
PB2 89,5 | - - 10 | 0,25 0,25
PB3 84,5 | - - 15 | 0,25 0,25
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All values are expressed as weight percent (wt%).

C. Determination of Physical Properties

Density of the samples was determined in accordance with ISO 1183 using the immersion method. The melt flow
properties were evaluated with a ZwickRoell Cflow device following ISO 1133, where the tests were performed
at 300°C under a 1.2 kg load, and the resulting MFR values were used to assess the processability of the material.
In addition, electrical conductivity values were determined as surface and volumetric resistance using an electrical
conductivity measuring device in accordance with the IEC 60093 standard.

D. Determination of Mechanical Properties

Tensile properties were evaluated according to ISO 527-1 and ISO 527-2 using a universal testing machine
equipped with a ZwickRoell Longstroke extensometer. Test specimens with standard dimensions of 170 mm x 10
mm x 4 mm were mounted in the grips of the machine. Impact resistance was determined following ISO 180 with
a ZwickRoell HIT5.5P pendulum impact tester. Samples with dimensions of 80 mm x 10 mm % 4 mm were
conditioned at room temperature prior to testing. For the notched configuration, a V-shaped notch (45° angle, 2
mm depth, 0.25 mm root radius) was introduced, after which the specimens were positioned vertically in an Izod-
type fixture and fractured by releasing a pendulum of 5 J nominal energy from a defined height.

E. Determination of Thermal Properties

The thermal conductivity (k) of the polymer samples was measured in accordance with ISO 8302 using a
Discovery Xenon Flash 200+ Thermal Conductivity Instrument. Tests were conducted under controlled conditions,
and the thermal conductivity values were expressed in W/m-K, providing quantitative information on the
material's heat transfer performance.

III.LRESULTS AND DISCUSSION

A. Mechanical Properties of PC Composites with Different Fillers

In this section, mechanical properties such as tensile strength, elongation, elastic modulus, and impact resistance
of polycarbonate matrix composites were evaluated depending on different filler types and ratios, including:
polycarbonate (PC1), polycarbonate + 30% alumina (PC2), polycarbonate + 30% graphite (PC3), polycarbonate
+ 25% alumina + 5% graphite (PH1), polycarbonate + 20% alumina + 10% graphite (PH2), polycarbonate + 15%
alumina + 15% graphite (PH3), polycarbonate + 5% boron nitride (PB1), polycarbonate + 10% boron nitride
(PB2), and polycarbonate + 15% boron nitride (PB3).
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Fig. 1. Tensile Stress at Yield and Break Comparison of PC Composites with Various Fillers.
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Fig. 2. Elongation at Yield and Strain at Break Comparison of PC Composites with Various Fillers.

Tensile stress and elongation of PC composites at yield and break are shown in Figures 1 and 2. High alumina
content reduced the ductility of the polycarbonate matrix, leading to more brittle behaviour. The addition of
graphite, while slightly reducing elongation at high concentrations, facilitated load transfer and limited crack
propagation, improving overall fracture performance. In hybrid filler systems, increasing graphite content partially
offset the embrittling effect of alumina, enhancing toughness. Boron nitride remained compatible at low
concentrations, maintaining ductility, while higher concentrations gradually reduced both elongation and strength.
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Fig. 3. Elastic Modulus Break Comparlson of PC Composites with Various Fillers.

The elastic modulus of PC composites is shown in Figure 3. While polycarbonate has a relatively low elastic
modulus, the addition of alumina and graphite fillers increased the material's stiffness. Increasing the graphite
content in hybrid filler systems further increased the elastic modulus, improving the mechanical performance of
the filler combinations. Boron nitride filler, on the other hand, was compatible with the matrix at low ratios and
provided a significant increase in elastic modulus at higher ratios.
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Fig. 4. Notched Izod Impact Strength Comparison of PC Composites with Various Fillers.

The impact strength of PC composites is presented in Figure 4. While polycarbonate exhibited high impact
strength, the addition of a high percentage of alumina filler reduced strength by making the material brittle.
Graphite addition partially increased impact strength, and in hybrid systems, increasing the graphite content offset
the negative effects of alumina, improving performance. Boron nitride filler-maintained strength at low and
medium concentrations, with a limited decrease at higher concentrations.

B. Physical and Thermal Properties of PC Composites with Different Fillers

The physical and thermal properties of the polycarbonate composites, including density, melt flow rate (MFI),

and thermal conductivity, were examined to assess the effects of different fillers.
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Fig. 5. Melt Flow Rate Comparison of PC Composites with Various Fillers.
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As shown in Figure 5, Alumina significantly reduced MFI, indicating decreased processability, while graphite
increased MFI moderately in hybrid systems. Boron nitride slightly enhanced MFI at low and medium loadings,
providing a balanced improvement in flow behaviour.
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Fig. 6. Density and Thermal Conductivity Comparison of PC Composites with Various Fillers.

As shown in Figures 6, the fillers increased both the density and thermal conductivity of the polycarbonate
composites. Alumina addition significantly increased the density while moderately enhancing thermal
conductivity, whereas graphite provided high thermal conductivity with a limited density increase. In hybrid
systems, increasing the graphite content gradually improved thermal conductivity, while boron nitride at low and
medium loadings slightly increased density and enhanced thermal conductivity in a balanced manner.

C. CONCLUSIONS

Polycarbonate (PC) composites reinforced with Al-Os, graphite, and BN differed in density, mechanical, and
thermal properties. PC thermal conductivity has been found ~0.27 W/mK. Reinforcing PC with 30 wt% AlOs,
increased thermal conductivity to 0.6 W/mK, while 30 wt% reinforced graphite-PC based composites showed
3.01 W/mK but caused a high electrical conductivity limiting electronics applications. Hybrid systems also
improved thermal conductivity of composites consist of Al:Os; and graphite fillers. The highest thermal
conductivity of the composite structure reinforced with Al-Os and graphite up to 30% was obtained in the study
where blending was done at 15-15%, and it was found that the material exhibited electrical insulating properties
with 15% graphite level and showed 1.1 W/mK thermal conductivity.

Beside this, BN composites were particularly effective; 10 wt% BN raised conductivity to 1.05 W/mK while
preserving electrical insulation, offering an optimal balance for electronics.

The mechanical performance results of the materials used as fillers also differed from each other. PC exhibited 73
MPa tensile strength and 5% elongation. Al.Os and graphite composites were brittle, with elongation below 1%.
Al:O; and graphite hybrid composites showed moderate performance (27-35 MPa strength, 0.7—0.8% elongation).
BN composites achieved 60—-70 MPa tensile strength, 2—3.5% elongation, and moderate modulus improvement.
These results confirm that filler choice is crucial to thermomechanical behaviour.

In summary, the investigation affirmed that loading and filler selectivity are very important considerations into
thermomechanical performance in PC composites. While graphite has high thermal conductivity, its limitations
are caused by concerns of conductivity. Al:Os possesses structure strength properties that may be enough to
reinforce composites. On the other hand Al:Os has positive electrical insulating properties but its thermal
conductivity has been found to be lower than BN and graphite. Also, it has been determined that hybrid samples,
which combine the electrical insulating properties of Al2Os and the high thermal conductive properties of graphite,
provide optimum performance. By the way, BN has the best overall thermal, mechanical, and electrical
performance in a composite. Notably, 10—15 wt% BN/PC composites showed suitable performance for laboratory
and real-world applications, including in electronic devices, energy storage sources, and automotive parts.

These findings suggest that reinforcing BN or Al.Os-graphite blends with PC and by design principles with
optimum filler compositions, effective thermal management materials can be produced from polymers. Future
work should explore hybrid fillers and nanoscale modifications alongside BN loading, as these could offer further
performance gains, valuable academic insights, industrial advancements, and improved end-user products.

ACKNOWLEDGEMENT

We would like to express our sincere gratitude to Tisan Engineering Plastics Industry Trade Inc. for their support,
research infrastructure, and laboratory facilities that contributed to the successful completion of this study.

2680



TPM Vol. 32, No. S7, 2025 )

ISSN: 1972-6325
https://www.tpmap.org/

Open Access

REFERENCES

[1] Roy L'Abee, Frans Merex, Mark Van Der Mee, et al. "Thermally Conductive and Electrically Insulative
Polymer Compositions Containing a Thermally Insulative Filler and Uses Therof", Patent Nu: US 8741998 B2,
03 June 2014.

[2] Yali Dong,Huitao Yu,Yiyu Feng, Wei Feng., "Structure, Properties and Applications of Multi-Functional
Thermally Conductive Polymer Composites", Journal of Materials Science & Technology 200 (2024) 141-161,
3 February 2024.

[3] Zhaoyang Li, Yu Sun, Feiyang Hu et al, "An Overview of Polymer-Based Thermally Conductive Functional
Materials", Journal of Materials Science & Technology 218 (2025) 191-210, 10 September 2024.

[4] Yanfei Xu, Xiaojia Wang, Qing Hao, Composites Communications 24 (2021) 100617, 5 January 2021

[5] Shuaigiang Yu, Miaoming Huang, Rui Hao, "Recent Advances in Thermally Conductive Polymer
Composites", High Performance Polymers 2022, Vol. 34(10) 1081-1101, 2022.

[6] Congliang Huang, Xin Qian, Ronggui Yang, "Thermal Conductivity of Polymers And Polymer
Nanocomposites", Materials Science and Engineering R Reports 132(2), 24 July 2018.

[7] Yanfei Xu, Daniel Kraemer, Bai Song et al., "Nanostructured Polymer Films with Metal-Like Thermal
Conductivity", NATURE COMMUNICATIONS | (2019) 10:1771, 2019.

[8] Yuntao Liu, Wei Xiao, Yuqing Wang., "Dual Conductive Network Enables Mechanically Robust Polymer
Composites with Highly Electrical and Thermal Conductivities", Composites Science and Technology 256 (2024)
110777, 26 July 2024.

[9] Na Sun, Jiajia Sun, Xiaoliang Zeng, et al. "Hot-pressing Induced Orientation of Boron Nitride in Polycarbonate
Composites with Enhanced Thermal Conductivity", Composites: Part A, 12 April 2018.

[10] Chandrashekar Raman, North Royalton, Bei Xiang, Strongsville, "Thermally Conductive Plastic
Compositions, Extrusion Apparatus and Methods for Making Thermally Conductive Plastics", Patent Nu: US
8946333 B2, 20 March 2014.

[11] Zheng-Yi Wang, Xin Sun, Yang Wang et al.,Fabrication of High-Performance "Thermally Conductive and
Electrically Insulating Polymer Composites with Siloxane/Multi-Walled Carbon Nanotube Core-Shell Hybrids at
Low Filler Content", 18 October 2022

[12] Li Zhang, Hua Deng, Qiang Fu., "Recent Progress on Thermal Conductive and Electrical insulating Polymer
Composites", Composites Communications 8 (2018) 74—82, 10 November 2017.

[13] Hongyu Chena, Valeriy V. Ginzburg, Jian Yang et al., "Thermal Conductivity of Polymer-Based Composites:
Fundamentals and Applications", 26 March 2016.

[14] Feng Yuan, Qinhan Guan, Xuehan Dou et al., "High-Yield Synthesis of Hydroxylated Boron Nitride
Nanosheets and Their Utilization in Thermally Conductive Polymeric Nanocomposites", RSC Adv., 2024, 14,
21230, 27 June 2024

[15] Yang Bai, You Shi, Shengtai Zhou et al.," A Concurrent Enhancement of Both In-Plane and Through-Plane
Thermal Conductivity of Injection Molded Polycarbonate/Boron Nitride/Alumina Composites by Constructing a
Dense Filler Packing Structure", Macromol. Mater. Eng., 2100267, 2021.

[16] Czel, G., Sycheva, A., & Janovszky, D. (2023). Effect of different fillers on thermal conductivity, tribological
properties of Polyamide 6. Scientific Reports, 13(1), 845.

[17] Lee, B., & Dai, G. (2009). Influence of interfacial modification on the thermal conductivity of polymer
composites. Journal of materials science, 44(18), 4848-4855.

[18] Kagenda, C., Lee, J. W., Memon, F. H., Ahmed, F., Samantasinghar, A., Akhtar, M. W., ... & Choi, K. H.
(2021). Silicone elastomer composites fabricated with MgO and MgO-multi-wall carbon nanotubes with
improved thermal conductivity. Nanomaterials, 11(12), 3418.

[19] Hossain, M. S., Bhuiyan, A. H., & Nakane, K. (2022). Thermal conductivity of polyurethane sheets
containing beryllium oxide nanofibers. RSC advances, 12(46), 30125-30134.

[20] Salim, E., & Tarabiah, A. E. (2023). The influence of NiO nanoparticles on structural, optical and dielectric
properties of CMC/PVA/PEDOT: PSS nanocomposites. Journal of Inorganic and Organometallic Polymers and
Materials, 33(6), 1638-1645.

[21] Abdelmalik, A. A., & Sadiq, A. (2019). Thermal and electrical characterization of composite metal oxides
particles from periwinkle shell for dielectric application. SN Applied Sciences, 1(4), 373.

[22] Zhengfang Wang, Zijian Wu, Ling Weng, et al., "A Roadmap Review of Thermally Conductive Polymer
Composites: Critical Factors, Progress, and Prospects", Adv. Funct. Mater. 2023, 33, 2301549, 2023.

[23] Liu, Y., Gong, W., Liu, X., Fan, Y., He, A., & Nie, H. (2024). Enhancing Thermal Conductivity in Polymer
Composites through Molding-Assisted Orientation of Boron Nitride. Polymers, 16(8), 1169.

[24] Qingguo Chen, Kailun Yang, Yu Feng et al., "Recent Advances in Thermal-Conductive Insulating Polymer
Composites with Various Fillers", Composites: Part A 178 (2024) 107998, 29 December 2023.

[25] Vu, M. C,, Choi, W. K., Lee, S. G., Park, P. J., Kim, D. H,, Islam, M. A., & Kim, S. R. (2020). High thermal
conductivity enhancement of polymer composites with vertically aligned silicon carbide sheet scaffolds. ACS
applied materials & interfaces, 12(20), 23388-23398.

2681



TPM Vol. 32, No. S7, 2025 Open Access
ISSN: 1972-6325
https://www.tpmap.org/

[26] Li, X., Wu, J., Tang, C., He, Z., Yuan, P., Sun, Y., ... & Huang, Y. (2019). High temperature resistant
polyimide/boron carbide composites for neutron radiation shielding. Composites Part B: Engineering, 159, 355-
361.

[27] Kumar, V., Barnwal, A., Shukla, R. K., & Shakya, J. (2022). Enhancement of thermal conductivity in polymer
composites by maximizing surface-contact area of polymer-filler interface. Journal of Polymer
Engineering, 42(8), 703-713.

[28] Zaccone, M., Frache, A., Torre, L., Armentano, 1., & Monti, M. (2021). Effect of filler morphology on the
electrical and thermal conductivity of PP/carbon-based nanocomposites. Journal of Composites Science, 5(8),
196.

[29] Liu, Y., Gong, W., Liu, X., Fan, Y., He, A., & Nie, H. (2024). Enhancing Thermal Conductivity in Polymer
Composites through Molding-Assisted Orientation of Boron Nitride. Polymers, 16(8), 1169.

[30] Kodama, T., Shinohara, N., Hung, S. W., Xu, B., Obori, M., Suh, D., & Shiomi, J. (2021). Modulation of
interfacial thermal transport between fumed silica nanoparticles by surface chemical functionalization for
advanced thermal insulation. ACS Applied Materials & Interfaces, 13(15), 17404-17411.

[31] Zha, J. W., Wang, F., & Wan, B. (2025). Polymer composites with high thermal conductivity: Theory,
simulation, structure and interfacial regulation. Progress in Materials Science, 148, 101362.

[32] Shuangqgiao Yang, Qi Wang, and Bianying Wen, "Highly Thermally Conductive and Superior Electrical
Insulation Polymer Composites via In Situ Thermal Expansion of Expanded Graphite and In Situ Oxidation of
Aluminum Nanoflakes", 9 December 2020.

[33] Kunpeng Ruan, Xutong Yang and Junwei Gu, "Intrinsically Thermally Conductive Polymers", Thermally
Conductive Polymer Composites, Chapter 4, 2023.

[34] Sung Jun Kima, Changmin Hong, Keon-Soo Jang., "Theoretical Analysis and Development of Thermally
Conductive Polymer Composites", Polymer 176 (2019) 110-117, 17.05.2019

[35] Heinrich Leichta, Eduard Krausa, Benjamin Baudrita et al., "Electrically Conductive Polymer
Nanocomposites for Thermal Comfort in Electric Vehicles", 10 April 2022.

[36] Jianfeng Tan and Yuan Zhang, "Thermal Conductive Polymer Composites: Recent Progress and
Applications", Molecules 2024, 29, 3572, 29 July 2024.

[37] Liucheng Ren, Haichang Guo, Lei Kang et al., "Lightweight, Electrical Insulating, and High Thermally
Conductive All-Polymer Composites with Reinforced Interfaces", Composites Science and Technology 240
(2023) 110080, 11 May 2023

[38] N. Burger, A. Laachachi, B. Mortazavi et al., "Alignments and Network of Graphite Fillers to Improve
Thermal Conductivity of Epoxy-Based Composites", 14 May 2015

[39] Stimeyra Bayir, Eliften Semerci, Tuba Erdogan Bedri, " Preparation of Novel Thermal Conductive
Nanocomposites by Covalent Bonding Between Hexagonal Boron Nitride Nanosheet and Well-Defined Polymer
Matrix", Composites: Part A 146 (2021) 106406, 30 March 2021.

[40] Motloung, M. P., Mofokeng, T. G., Ojijo, V., & Ray, S. S. (2021). A review on the processing—morphology—
property relationship in biodegradable polymer composites containing carbon nanotubes and nanofibers. Polymer
Engineering & Science, 61(11), 2719-2756.

[41] Lingcao Tan, Jingjun Zhong, Wenshuai Guo et al., "A Novel Melt Extrusion Method For Efficient and Large-
Scale In-Situ Exfoliation Of Boron Nitride To Prepare High Performance Thermal Conductive Polymer
Composite", Polymer 315 (2024) 127809,

[42] Addis Tessema, Dan Zhao, Joseph Moll et al., "Effect of Filler Loading, Geometry, Dispersion and
Temperature on Thermal Conductivity of Polymer Nanocomposites”, A. 102 Tessema et al. / Polymer Testing 57
(2017) 101e106 11 November 2016.

2682



