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Development of Novel Ceramic Matrix Composites
Utilizing Carbon Nanocoils
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Carbon nanocoil dispersed alumina (Al,0,-CNC) composites were fabricated using spark plasma sintering
(SPS) at 1200 °C for 10 min under 40 MPa, using nano-Al,O; powders and a carbon nanocoil. The effects of

additional CNC contents between 0.5 and 4 wt% on densification, microstructure, mechanical and electrical

properties were investigated. The Al,O;-CNC composites by CNC contents below 2 wt% exhibited relative

densities higher than 98 %, in which CNCs were well dispersed, while maintaining the coil structure. In terms of

Vickers hardness, the composite with the addition of CNC up to 2 wt% showed equal or higher values than those

of AL,O;. However, further additional CNC contents decreased the hardness because of the formation of many

12

pores located within CNC agglomerates. Indentation fracture toughness increased to 5.3 MPasm ™~ by the CNC
content of 2 wt%, which is about 30 % higher than that of Al,0O,. Electrical resistivity of Al,O;-CNC composites
was decreased drastically by the addition of 0.5 wt% CNC. Up to 2 wt%, it was 14 orders of magnitude lower than

that of A1,O,.

Key Words: carbon nanocoils(CNC), Al,0;-CNC composite, spark plasma sintering(SPS), microstructure,

mechanical property, electrical resistivity
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2.1 ALO,~CNC BEEAD /eSS

HIFEERLE LT, miRD ALO, KR ( RIME2E T3
(Fk) B, TM-DAR) 2 U CNC ¥R % 7z, CNC 1,
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Fig. 4 1T ALO, 7% 5 T ALO;-2CNC 1200 °C BifsiiAD
Wi SEM HE 759, CNC DIFMNC KD, < kU v
JATHZ7IVIFORKEFIH S, 7z CNC

Fig. 1 SEM image of CNCs.

Table 1 Specifications of CNC sample.

Shape Coil

Coil length a.v. 20 um

Fiber diameter a.v. 150 nm

Coil diameter a.v. 500 nm

Coil pitch a.v. 500 nm
Young's modulus 0.1 TPa

Electrical resistivity 1E-2~5E-3 Q+*cm

Fig. 2 SEM image of Al,O,-CNC mixed powder.
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Fig. 4 Fracture surface of sintered samples.
(a) ALLOs, (b) ALLO;-2CNC
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3.2 ALO, DI RKIZFT CNC EELRHR

VEBLL 72 ALO;-xCNC(x = 0, 0.5, 1, 2, 4 wt%) BERS {4
IC BT B SR OFSE R LU ISR .

Fig. 8 1 ALO;-xCNC(x = 0, 0.5, 1, 2, 4 wt%)1200 °C
BERSIR ORI & HIM 1S 0O ONC IRINER %R T
WEREIE CNC 72 0.5 wi% I L7z & &, ALO, KD &<
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Fig. 5 XRD patterns of sintered samples.
(a) ALO;, (b) ALO;-2CNC
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Fig. 6 Raman spectra of (a) Al,0,-2CNC sintered sample
and (b) CNC raw powder.

Fig. 7 TEM images of (a) before and (b) after heat treatment
in a vacuum.
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Fig. 8 Hardness and relative density of sintered body as a
function of CNC additive amount.
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Fig. 10 1T ALO;-xCNC(x = 0, 0.5, 1, 2, 4 wt%)1200 °C
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Fig. 11 1C ALO;-xCNC(x =0, 0.5, 1, 2, 4 wt%)1200 °C
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Fig. 9 Fracture surface of Al,0;-4CNC sintered sample.
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Fig. 10 Relationship between fracture toughness and CNC
additive amount.
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Fig. 11 Relationship between electrical resistivity and CNC
additive amount.
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NH130 % Ih) F). Fie, BREPIERIEZ, 0.5 wt%
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