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This study aimed to develop a method for producing microplastics for various biological tests, where the 

morphology and constituents of the microplastics were guaranteed. The production system was a pin-on-disc 

machine; a pin made of polyethylene terephthalate, polypropylene, or polyvinyl chloride was pressed onto the 

glass disc under saline solution lubrication. Microstructures on glass were processed using a new 

microfabrication technology. The production mechanisms of microplastics are discussed in terms of the 

characteristics of each material and the roles of adhesive and abrasive wear, which were influenced by the 

microfabrication pattern of the glass surface. 
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1. Introduction 

Plastic wastes can be fragmented into smaller pieces of 

debris. They can reach a diameter of less than 5 mm, 

becoming ‘microplastics’. Microplastics, originating 

either directly from industrial and household products or 

from the degradation of larger plastics, are currently of 

intense global concern [1]. 

This study aimed to develop a method to produce 

microplastics for various biological tests, where the 

morphology and constituents of microplastics are 

guaranteed. The results of this study can aid the efficient 
qualitative and quantitative impact assessment of 

microplastics. 

2. Methods 

The system used to produce microplastics for biological 

tests was a pin-on-disc machine, where a pin (diameter: 

9.0 mm) made of polyethylene terephthalate (PET), 

polypropylene (PP), or polyvinyl chloride (PVC) was 

pressed onto a quartz glass disc via an air cylinder at a 

pressure of 2.0 MPa. The pin was fixed with a holder jig, 

and the disc was subjected to orbital motion with a 

diameter of 10 mm and a sliding speed of 20.0 mm/s. The 
pin and disc were soaked in a saline solution at room 

temperature (approximately 25 °C). An ultraviolet lamp 

(UV-B) could be used to irradiate frictional surfaces 

through a quartz glass disc to investigate its influence on 

the production rate of microplastics. 

Various microstructures on the glass surfaces were 

prepared to generate particles with various morphologies. 

The microstructured surfaces were processed by the 

combined application of a conventional photoresist 

masking process and a mechanical removal process 

(Micro Slurry-jet; MSJ) [2]. Masking patterns made of a 
photocurable resin were created on the glass, and both the 

photocurable resin patterns and the exposed glass surface 

were simultaneously removed using the MSJ. 

3. Results and discussion 

Flake-shaped microplastics of PET, spherical or strap-

shaped microplastics of PP, and spherical and flake-

shaped microplastics of PVC were obtained. These 

modal diameters could be adjusted by modifying the 

microstructured patterns of the glass surfaces. 

The fragmentation mechanism of each plastic should be 

considered based on the material properties, particularly 

the molecular architectures of polymers. PET is a 

copolymer that is synthesised through condensation 

polymerisation using terephthalic acid and ethylene 

glycol. The main chain structure of PET has benzene 

rings and ester linkages; the main chains produce a 

crystalline polymer, including crystallised and 

amorphous parts. This might indicate that fragmentation 

of the bulk material of PET would occur in amorphous 
parts. 

 

 
Figure 1: Pin-on-disc machine for microplastic 
production, and microstructured glass surfaces. 
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