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Abstract 3Y-TZP (3 mol% yttria-stabilized tetragonal zirconia polycrystals) ceramics have excellent mechanical properties
including high fracture toughness, good abrasion resistance as well as chemical and biological stability. As a result, they are
widely used in mechanical and medical components such as bearings, grinding balls, and hip implants. In addition, they provide
excellent light transmittance, biocompatibility, and can match tooth color when used as a dental implant. Recently, given the
materials’ resemblance to human teeth, these ceramics have emerged as an alternative to titanium implants. Since the introduc-
tion of CAD/CAM in the manufacture of ceramic implants, they’ve been increasingly used for prosthetic restoration where
aesthetics and strength are required. In this study, to improve the surface roughness of zirconia implants, we modified the 3Y-
TZP surface with a biocomposite of hydroxyapatite and forsterite using room temperature spray coating methods, and investi-
gated the mixed effect of the two powders on the evolution of surface microstructure, i.e., coating thickness and roughness, and
biological interaction during the in vitro test in SBF solution. We compared improvement in bioactivity by observing dissolution
and re-precipitation on the specimen surface. From the results of in vitro testing in SBF solution, we confirmed improvement in
the bioactivity of the 3Y-TZP substrate after surface modification with a biocomposite of hydroxyapatite and forsterite. Surface
dissolution of the coating layer and the precipitation of new hydroxyapatite particles was observed on the modified surface,
indicating the improvement in bioactivity of the zirconia substrate.
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Hydroxyapatite/Hydroxyapatite+
Forsterite(mole ratio; 1:1)

| 3Y-TZP powder |

| Batt Mitting for 241, Drying (130°C, 24n)| | Uniaxiat pressing (disc type) |

| Calcination (1100 °C, 2h)

| | sintering a4s0°c2m) |

| Homogenization, Drying (130°C, 12h) I | Dense 3Y-TZP substrate |

Room temperature
spraying process

Spraying distance; 5 mm
Number of deposition cycles; 5, 10, 20, 40
Carrier gas; N,

Gas flow; SL/min

Coated 3Y-TZP substrate

Nozzle size; 15mm x I mm
Vibrator; 600 rpm
Chamber pressure; 2-3 torr

Microstructural and biological
observation of coated layer

XRD, SEM
- Surface roughness
In vitro test

Fig. 1. Experimental procedure for hydroxyapatite/forsterite coatings on zirconia substrate by room temperature spray processing.
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Hydroxyapatitet+Forsterite powder

Hydroxyapatite+Forsterite powder

Fig. 2. Characteristics of hydroxyapatite+forsterite powders before and after the calcination at 1,100 °C for 2 h.
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1100 °C calcined
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Fig. 3. Primary and secondary agglomeration size distributions of mixed hydroxyapatite and forsterite powder before and after the calcination

at 1,100 °C for 2 h.
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Hydroxyapatite+Forsterite 1100 °C calcined Hydroxyapatite+Forsterite
Fig. 4. Phase composition of hydroxyapatite/forsterite powder before and after the calcination at 1,100 °C for 2 h.
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Fig. 5. Characteristics of 3Y-TZP substrate sintered at 1,450 °C for 2 h; (a) surface microstructure, (b) surface morphology, and (c) phase

composition.
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Fig. 8. Microstructural evolution of hydroxyapatite/forsterite coating during the immersion in SBF solution for 7 days.
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