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Abstract The demand for high-performance electrical components has been steadily increasing with the
development of the electric vehicle industry. However, these components generate heat easily, leading
to performance degradation, malfunctioning, and substrate deterioration. To address this issue,
polymer-based heat dissipation materials can be applied to automotive components. In this study, a
Cargon composite material incorporating resource-circulating carbon filler (RCF) and glass fibers (GF)
was melt-blended with polyamide 66 (PAG6) using a twin-screw extruder. The composites were
manufactured under two different extrusion operating temperature conditions and with different screw
configurations, and their thermal, mechanical, and morphological properties were analyzed. The
RCF-reinforced composites prepared at a higher operating temperature einbited higher improvements
in thermal and mechanical properties compared to the composites prepared at a lower operating
temperature. Furthermore, the increases in the kneading block in tﬁe screw configuration of the
twin-screw extruder further enhanced the thermal and mechanical properties of the carbon composites.
These results were also observed in the scanning electron microscopy (SEM) analysis of the superior
dispersibility of the RCF within the PA66 matrix, which was attributed to the higher operating
temFerature in the twin-screw extruder and the increases of the kneading block in the screw
configuration. Specifically, when the RCF-reinforced composites with 100 phr GF were prepared at
higher extrusion process temperatures and with an enhanced kneading block, they exhibited excellent
thermal conductivity and flexural modulus while maintaining impact strength and a tensile strength
comparable to neat PA6G

Keywords : Resource-recycling Carbon Filler, Polyamide66, Carbon Composites, Thermal Conductivity,
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Table 1. Formulation of the masterbatch and carbon
composites prepared by 2 step process at
different operating temperature and screw
configuration

Sample PAGG RCF MB GF TTE?J[EP Cc?;lsfliigu
wt%) | wt%) | (wt%) | (phr) . .
(©) ration
LA-MB 50 50 - -
LA-P1 20 - 30 - 290
LA-P2 20 - 80 20 ~ Scfw
LA-P3 20 - 80 | 60 | 320
LA-P4 20 - 80 | 100
HA-MB | 50 50 - -
HA-P1 20 - 80 - 330 | e,
HA-P2 20 - 80 | 20 ~ A
HA-P3 20 - 80 | 60 | 350
HA-P4 20 - 80 | 100
LB-MB 50 50 - -
LB-P1 20 - 80 - 290
LB-P2 20 - 80 | 20 ~ chew
LB-P3 20 - 80 | 60 | 320
LB-P4 20 - 80 | 100
HB-MB | 50 50 - -
HB-P1 20 - 80 - 330 | oo
HB-P2 20 - 80 | 20 ~ B
HB-P3 20 - 80 | 60 | 350
HB-P4 20 - 80 | 100
@
—mmm gy
']
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W 7222777777, W 7z W e Y

Fig. 2. Screw Configuration of Twin Screw Extruder

(L/D=40, 190)
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we} 2] AHE A Zsto] S5t SRR
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testing machine, UTM, Tinius Olsen, H5KT)E A}
&0t EH5tuth FJE9E&2 ASTM D790 4l
o2t 5 mm/min® £E2, IFFEL} A& ASTM
D638 40| W&t 50 mm/min2] £E2 Z35tT].
AR HEZR = FAEAAR]H(Scanning
electron microscope, SEM, Emcrafts, GENESIS-2000)
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Fig. 3. Schematic Apparatus to Measure Thermal
Conductivity with In-plane method
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Thermal Conductivity (W/mK)
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Fig. 4. Thermal conductivity of carbon composites
prepared by 2 step process under screw-A
configuration at different operating temperature
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(a) so
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Fig. 5. Mechanical properties of carbon composites
prepared by 2 step process under screw-A
configuration  at  different  operating
temperature: (a) Impact strength; (b) Flexural
modulus.
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Tensile Strength (MPa)
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4.2

PAG6 LA-P1 LA-P2 LA-P3 LA-P4HA-P1HA-P2HA-P3HA-P4

Fig. 6. Mechanical properties of carbon composites

prepared by 2 step process under screw-A
configuration at different operating temperature:
(a) Tensile strength; (b) Elongation at break.
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Thermal Conductivity (W/mK)

PA66 LA-P1 LA-P2 LA-P3 LA-P4 HA-P1 HA-P2 HA-P3 HA-P4

Fig. 7. Thermal conductivity of carbon composites
prepared by 2 step process under screw-B
configuration at different operating temperature
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8. Mechanical properties of carbon composites
prepared by 2 step process under screw-B
configuration at different operating temperature:
(a) Impact strength; (b) Flexural modulus.
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Fig. 9. Mechanical properties of carbon composites
prepared by 2 step process under screw-B
configuration at different operating temperature:
(a) Tensile strength; (b) Elongation at break.
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Fig. 10. SEM images of the fractured carbon composites
for (a) neat PAGG; (b) LA-P1; (¢) LB-P1; (d)
HB-P1
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Fig. 11. SEM images of the fractured carbon
composites for (a) LA-P4; (b) HB-P4
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