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Abstract The Granule Spray in Vacuum (GSV) process is a method of forming a dense nanostructured ceramic coating
film by spraying ceramic granules on a substrate at room temperature in a vacuum. In the Granule Spray, the granules
made by agglomerating particles with the size from submicrometer to micrometer can be sprayed into the substrate. Once
the granules were squashed upon collision with the substrate, they become several dozens of nanometer-sized crystals in
vacuum process. The zirconia of the monoclinic phase transform into tetragonal phase at 1150°C. At this time, its volume
is changed by about 6.5 %. For this reason, it is widely held that it is difficult to acquire a compact of monoclinic zirconia
sinter. In this study, the effect of particle treatment temperature and standoff distance on the substrate of zirconia granules
were investigated in GSV. Also, particle treatment temperature, standoff distance, coating efficiency, and microstructure of
the film were considered in forming the monoclinic zirconia coating film in GSV without any heating process. The deposited
films exhibited monoclinic zirconia phase without any other detectable phase by X-ray diffractometer (XRD).
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Fig. 1. Schematic image of the granule spray in vacuum (GSV).
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Fig. 2. Deposition film by Granule spray in vacuum samples; (a) 700°C, (b) 900°C, and (c) 1100°C.
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Fig. 3. Thickness of ZrO, film obtained at different temperature.
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Fig. 4. Weight of ZrO, film and deposition efficiency obtained
at different temperature.
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Fig. 5. XRD patterns of monoclinic zirconia granule and zirco-
nia films at different temperatures.
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Fig. 6. (A) SEM micrographs of top surface of samples; (a) 700°C, (b) 900°C, and (c) 1100°C. (B) SEM micrographs of fractured
edge surface of samples; (a) 700°C, (b) 900°C, and (c) 1100°C.
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Fig. 7. Samples of deposition film by granule spray in vacuum; (a) 5 mm (b) 10 mm (c) 15 mm (d) 20 mm, and (e) 25 mm.
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Fig. 8. Thickness of ZrO, film obtained at different standoff
distance.
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Fig. 9. Weight of ZrO, film and deposition efficiency obtained
at different standoff distance.
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Fig. 11. (A) SEM micrographs of top surface of samples; (a) 5 mm, (b) 10 mm, (c) 15 mm, (d) 20 mm, and (e) 25 mm. (B) SEM
micrographs of fractured edge surface of samples; (a) 5 mm, (b) 10 mm, (¢) 15 mm, (d) 20 mm, and (e) 25 mm.
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