Journal of the Korean Ceramic Society
Vol. 45, No. 10, pp. 610~617, 2008.

Multi-walled Carbon Nanotube-Reinforced Hydroxyapatite Coating
on Ti Substrates by Aerosol Deposition

Byung-Dong Hahn, Dong-Soo Park’, Jungho Ryu, Jong-Jin Choi,
Woon-Ha Yoon, Byung-Kuk Lee, and Hyoun-Ee Kim*
Functional Ceramics Research Group, Department of Powder Materials, Korea Institute of Materials Science, Changwon 641-010, Korea
*School of Materials Science and Engineering, Seoul National University, Seoul 151-742, Korea
(Received September 26, 2008; Revised October 10, 2008; Accepted October 14, 2008)

Olol=2E ZAHo 2lal ElEHs 7|Belof M=ZE C}EY Etall-fE
Z3} Ltsio}utELo| E :T"_'?:'%

BHES - HES- RYS - ABH - 2238 - 0¥ - Aol
€ P AEATE BEAEATE Ve AT aF
*A]-gf ety A B FEHE
(20089 94 264 < ; 2008 102 102 44 ; 2008 109 149 52))

ABSTRACT

Multi-walled carbon nanotube (CNT) reinforced hydroxyapatite composite coating with a thickness of 5 um has been successfully
deposited on Ti substrate using aerosol deposition (AD). The coating had a dense microstructure with no cracks or pores, showing good
adhesion with the Ti substrate. Microstructural observation using field-emission scanning electron microscopy (FE-SEM) and
transmission electron microscopy (TEM) showed that CNTs with original tubular morphology were found in the hydroxyapatite-CNT
(HA-CNT) composite coating. Measurements of hardness and elastic modulus for the coating were performed by nanoindentation
tests, indicating that the mechanical properties of the coating were remarkably improved by the addition of CNT to HA coating.
Therefore, HA-CNT composite coating produced by AD is expected to be potentially applied to the coating for high load bearing
implants.
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Fig. 1. TEM micrographs of (a) as-prepared CNT and (b) HA-CNT powder mixture.
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Fig. 2. Cross-section micrographs of the polished surfaces for (a) pure HA and (b) HA-CNT coatings on Ti plate.
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Fig. 4. Surface morphologies of the coatings: (2) pure HA and (b) HA
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Fig. 5. (a) TEM bright-field image of the HA-CNT coating and (b) HR-TEM image of the HA matrix in the HA-CNT coatings and the
corresponding selected area electron diffraction {SAED) pattern.
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Table 1. Adhesion Strength of the Coatings Deposited on Ti

Plate
Coating Adhesion strength (MPa)
HA 28.5+1.7
HA-3 wt%CNT 27.3+1.0

Table 2. Values of Hardness and Elastic Modulus of the Coatings

HA HA-CNT
Hardness (GPa) 6.81+0.20 8.46+0.31
Elastic modulus (GPa) 121.72£4.13 136.17£3.75

Load (mN)

T T i T v T T T
0 500 1000 1500 2000
Displacement (nm)

Fig. 7. Typical load-displacement curves in nanoindentation
tests of the HA and HA-CNT coating.
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