Amine formation on the surface of porous calcium-phosphate
artificial bone by low-pressure pulsed plasma polymer deposition
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Amine-rich plasma polymerization was performed on the surface of porous calcium-phosphate
(hydroxyapatite [HA] or beta tricalcium phosphate [β-TCP]) artificial bone with a low-pressure plasma
system. The aim of this study is to form amine groups on the surface of HA or β-TCP based porous
artificial bone to improve its biocompatibility and osteogenic abilities. Experiments were performed with
a bipolar pulsed plasma system [1-3] with a CH4/N2/He mixed gas at a pressure of 70 Pa [4]. The applied
bipolar voltage was about ± 1.2 kV and the pulse duration was about 1 µs for each positive or negative
pulse. The pulse frequency was 5 kHz, so that the time elapses between a positive pulse and the
subsequent negative pulse was 100 µs. Calcium-phosphate artificial bone samples were placed on the
grounded metal electrode and exposed to the plasma for 30 min. The porous artificial bone samples used
in this study had interconnected pores with a porosity of 72%-78%. The average pore diameter was 150
μm and the average diameter of a circular passage connecting two adjacent pores was 40 μm. X-ray
Photoelectron Spectroscopy (XPS), Fourier-transform infrared (FTIR), and Ellipsometry measurements
showed that polymer deposition successfully took place on the artificial bone surface and the thickness
of the film deposited on a Si substrate under the same conditions was about 40 nm. It was found that
polymer deposition took place even on the inner surfaces of pores at least down to the depth of 2 mm
from the sample surface. The elemental composition of N atoms of the deposited film was 10 ∼ 15 %
and found to be stable at least over a couple of months when the plasma treated artificial bone was kept
in a desiccator. The derivatization using 4(trifluoromethyl)benzaldehyde (TFBA) showed that the surface
concentration of primary amine groups over nitrogen atoms was 20 %. Effects of sterilization on plasma
treated artificial bone by autoclave, ethylene oxide gas (EOG), and gamma ray radiation were examined.
Surface characterization of deposited polymers and their biological effects will be also presented.
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