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Abstract: Ceramic powder is an important material used for various purposes in advanced industries, and the fundamental
properties of ceramic powder such as particle size, particle size distribution, and flow properties play a decisive role in
determining the quality and performance of the final product. In general, these properties have been evaluated through particle
size and shape analysis. However, these methods have limitations in providing a comprehensive understanding phenomena
related to powder flow, coagulation, and wear. Consequently, performance evaluation based on the analysis of powder flow
properties has been increasingly adopted. Previously, flow properties were primarily assessed using funnel-based methods.
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However, these methods have limitations, as they are challenging to apply to powders smaller than a few micrometers or those

with strong coagulation tendencies, and they also suffer from low reliability. To address these issues, this paper introduces a

novel piece of equipment that measures flow properties using image analysis and presents various parameters for static and

dynamic flow behavior based on this technique. The proposed equipment offers exceptional versatility, as it can be applied to

all types of ceramic powders regardless of their size or shape. The principles and measurement methods of the equipment are

demonstrated through static and dynamic image analysis of ceramic powders with varying sizes and shapes used as examples.
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Fig. 2. (a) Automatic moving cylinder for static image analysis, (b) a cone-shaped pile of powder, (c) rotating drum for dynamic image analysis,
and (d) a real image of the powder in drum.
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Fig. 3. (a) Parameters of static image analysis and (b) parameters of dynamic image analysis.
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Table 1. Parameters of flow properties.
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Type Parameters Contents
Angle of inclination (°) The angle formed by the powder falling on the surface.
Static Aspect ratio The ratio of the length and width of the shape of the powder.
Linearity The agreement between the outline of the powder and the linear prediction function.
Dynamic angle of repose (°) The angle of the powder at the minimum energy after an avalanche.
Avalanche angle (°) The angle of the powder at the maximum energy before an avalanche.
Avalanche energy (mJ/kg) The amount of energy released by an avalanche in the powder.
Break energy (mJ/kg) The amount of energy required to start each avalanche.
Dynamic

Thickness (mm)

Thickness of the layer flowing along the upper surface of the powder.

Cohesion-T (mJ/kg)

The average of the shear stress created by the thickness of the flowing layer.

Surface fractal

The degree of surface roughness of the powder expressed as a relative number.

Surface linearity

An indication of the surface linearity of the powder.
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Fig. 4. SEM image and particle size distribution of ceramic powders: (a, d) ZrO-, (b, ¢) AIOOH, and (c, f) TiO-.
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Table 2. Results for flow properties obtained from static and dynamic images.

Type Parameters ZrO2 AIOOH TiO:
Average of angle of inclination (°) 13.7 36.4 29.6
Average of aspect ratio 0.12 0.368 0.294
Static Average of linearity 0.995 0.978 0.992
Standard deviation of angle of inclination 0.297 1.778 0.525
Standard deviation of aspect ratio 0.00526 0.0161 0.0164
Standard deviation of linearity 0.00139 0.0067 0.00535
Dynamic angle of repose (°) 223 52.5 40.6
Avalanche energy (mJ/kg) 4.15 37.17 17.31
Break energy (mlJ/kg) 11.39 134.27 75.25
Dynamic Thickness (mm) 0.28 8.56 3.7
Cohesion-T (mJ/kg) 4.26 44.26 24.78
Surface fractal 1.86 8.8 247
Surface linearity 1 0.93 0.983
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