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Abstract 

This study deals with the production of Plastic Biopolymer, which has never been produced in such a composition of materials. Plastic Biopolymer is intended for medical applications. The filament was produced on Composer 450 filament makers from 3devo. During production, all necessary parameters and thickness of the extruding filament were recorded, which is also described in the graph of this study. Medically certified materials in the form of granules were used for the production. The filament was made of 3 types of polymers PLA, PHB and thermoplastic starch. A 25 percent amount of plasticizer was added to the polymers.  
Introduction
When using the filament in additive technologies, it is essential that it meets the requirements necessary for high-quality 3D printing. Desirable properties of the filament include strength, good surface finish and constant diameter. All of these features contribute to the quality of the final print. Biocompatibility and biodegradability are important in medical applications. It is very difficult to produce a suitable medical filament that would meet all these conditions. In this study, however, it was possible after optimizing all the necessary parameters. At the beginning of this study, we made an overview of the market of companies involved in filament extrusion. The addressed companies did not have much experience in the production of medical polymers, which further underlines the complexity of the production of filaments from biodegradable polymers [1] - [4]. We addressed companies such as:
· 3Demon

· Fillamentum

· MAKERSLAB

· MATERIALPRO3D

· 3D PRINT

· NEXEO Plastics

· Innofil 3D
1. FILAMENT PRODUCTION PROCEDURE
The production of the filament is a several-step process (fig. 1) from obtaining the material in the form of granules through drying the granulate in a dryer and the subsequent production process of the filament using a filament maker. After production of the filament, storage under suitable temperature conditions is important to prevent moisture degradation. The filament produced in this way is suitable for 3D printing of objects using FDM technology.
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Fig.1. Filamet production process
1.1. Preparation of granules for extrusion
The filament material was supplied in the form of granules, vacuumed in an opaque package to prevent degradation processes. Nevertheless, we dried the material in a dryer from 3devo. Drying parameters are in tab. 1.
Tab.1. Material drying parameters
	DRYING TEMPERATURE
	160°C

	DRYING TIME
	180 minutes


1.2. Filament extrusion
The production of the filament took place on a filament maker Composer 450 from 3devo under ideal conditions in an air-conditioned room at a temperature of 18 ° C. Before the extrusion, it was necessary to clean the filament maker using HDPE transit material, which has a temperature range of 180 - 280 ° C. After the pre-preparation process, we poured PLA / PHB / thermoplastic starch granules into the hopper. We set the melting point to 170 ° C on the heater 4 and to 171 ° C on other heaters. We reached this temperature by combining knowledge about the melting temperature of PLA / PHB materials. After stabilizing the filament flow, we placed the extruded fiber in a sensor that measured the diameter of the filament. Throughout the production process, the diameter of the filament was in the optimal range. Monitoring and optimization of all production parameters was followed by winding the filament into a spool. The parameters of the production of the Plastic Biolpolymer filament are summarized in tab. 2. For the subsequent use of the filament in additive production, it is important to monitor the diameter of the filament over the extrusion time interval. We managed to maintain the optimal diameter of the filament, as can be seen in fig. 2.
Tab.2. Plastic Biopolymer filament production parameters
	HEATER
	4
	3
	2
	1

	REAL TEMPERATURE
	170°C
	170°C
	172°C
	171°C

	SET TEMPERATURE
	170°C
	171°C
	171°C
	171°C

	SCREW SPEED
	2.0 RPM

	FAN POWER
	80%
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Fig.2. Graph of the course of the filament diameter over time (t)
The parameters (tab. 3) and the resulting filament (fig. 3) are the output of the filament production process.
Tab.3. Parameters of the produced filament - Plastic Biopolymer
	FILAMENT DIAMETER
	1,75mm

	FILAMENT WEIGHT
	410,13g
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Fig.3. Finished filament - Plastic Biopolymer
Conclusion
This scientific study is the theoretical output of the production of Plastic Biopolymer filament, which is intended for medical applications. The filament was made from PLA / PHB / thermoplastic starch granules with the addition of 25% plasticizer. By monitoring all parameters and optimizing, we were able to produce a filament with a constant diameter of 1.75 mm along the entire length of the filament, which contributes to the excellent quality of the product made by additive technology in the future. With the Composer 450 from 3devo company, located in the Department of Biomedical Engineering and Measurement, we have achieved results that have a significant contribution to the production, testing and usage of medically certified materials.
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