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Fine Particle Structure Produced by Patterned Self-assembly and Replication
Aiming for Structured Abrasive Tool

Nobuyuki MORONUKI™, Ken’ichiro TAKADA, and WenRu ZHANG
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6-6 Asahigaoka, Hino-shi, Tokyo, 191-0065 Japan

Close-packed structures of fine particles can be self-assembled along specified path by dispensing suspension that
contains particles on a substrate and drying it. By using imprinting process, the assembled particles can be transferred to
another substrate coated with resin while keeping same edge height of the particles. This study aims to make clear the
factors affecting on the assembly width of such patterning process in which spreading and shrinkage of the suspension
fluctuates the width and location, including the subsequent replication process. Based on experiments and model analysis,
the appropriate conditions were made clear for these processes. Then, the transferred structure was applied to polishing
tool as trial where silica particles of 1 um diameter were assembled along spiral pattern and then transferred on a glass
plate using phenolic resin. The tool was pressed against another glass plate while applying rotational motion to carry out
machining test. Smooth grooves were obtained on the workpiece though uniform or even engagement was not
accomplished.
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Fig. 1 Principle of patterned self-assembly

Table 1 Specification of suspension

Fig. 2 Setup with an example of captured image

Table 2 Dispensing condition

Particles Silica, ¢1 um
Concentration 1, 5wt% (0.5, 2.5 vol%)

Solvent Pure water

Additive Sodium dodecyl sulfate

Nozzle diameter 6100 um
Dispensing rate u Typ. 0.05 pl/s
Gap 0.1 mm
Scan speed v 2-10 mm/s
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Fig. 3 Estimation of spreading and assembly width based on geometrical model Fig. 4 Droplet cross-section
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Fig. 5 Effect of dispensing condition on spreading width ~ Fig. 6 Effect of dispensing condition on the assembly width
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Fig. 7 SEM photos of the assembly with different conditions Fig 8 Equally spaced fine width assembly
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