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PREFACE 

Plastics are important material used in many industries such as textile, 

construction, electrical and electronics, manufacturing, etc. Recently, 

manufacturing industries are using 3D printing technology to design and fabrication 

of prototype of the product. There is growing concerns on negative influence on 

environment from 3D printed plastic waste. To reduce this negative impact of 

plastic wastes on environment, recycling of plastics become essential. By recycling 

3D printed failed products into feed material such as 3D printing filaments helps 

lower the consumption of plastics, reduction in plastic waste and helps lower 

manufacturing costs. 

 3D printing or additive manufacturing is the fastest growing technology in 

recent times. The process enables the creation of parts or tools by techniques such 

as fused deposition modelling (FDM) at costs much lower than traditional 

machining as it consumes less material to manufacture parts and reduces waste 

generation, hence it is considered as sustainable manufacturing process. It uses only 

the material that is required to create a part contrary to subtractive manufacturing. 

One of the major advantages of FDM is that material from the failed 3D printed 

parts can be re-used by shredding and re-extruding into 3D printing filaments.  

3D printing is fabrication of three-dimensional object by melting and 

deposition of filament material layer by layer on the build platform. In 3D printing, 

it is important to have uniform thermoplastic filaments with diameter within 

tolerance limits. Irregular filament diameter may cause imperfect layer stacking and 

a chance of filament to be stuck on the extruder of the 3D printer. The quality of 

the re-extruded filament determines the quality of the 3D printed parts.   

With the recycled materials, the shape and size of the shredded pieces affects 

the flow of the material in the extruder, thus affecting the quality and thickness of 

filament. This thesis deals with investigations on recycling of the failed 3D printed 

Polylactic Acid (PLA) parts into 3D printing filaments by re-extrusion process. The 

project aims at improving the flow of shredded particles in the extrusion process 

and to produce the best quality recycled PLA filaments within the required 

tolerance. In this thesis, we are investigating and developing solutions to improve 

the material flow in the filament extruder. 
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ABSTRACT  

3D printing or additive manufacturing is a process of building three-

dimensional solid object from a digital file. In additive processes, an object is 

formed by laying down successive layers of material until the object is created. The 

most commonly used materials for 3D printing are PLA (Polylactic Acid) and 

Acrylonitrile Butadiene Styrene (ABS). Appreciable feature of the materials that 

are used in 3D printing is their ability to re-melt and extrude without a noticeable 

loss of material. It enables to make our own filament, which reduces wastage and 

filament cost.  

In Fused Deposition Modelling (FDM), an additive manufacturing process, 

preparation of qualified filaments is critical requirement. At first step, PLA failed 

parts should be separated from other materials as different materials have different 

melting characteristics and properties. Segregated PLA failed parts are shred into 

small pieces. Then shredded pieces are filtered to achieve a homogenous size 

distribution. These shredded and filtered materials undergo dehumidifying process 

by the help of a dehumidifier to reduce the moisture content. Finally, the materials 

are melted and extruded into filaments.  

In the filament extrusion process, the most important parameters to consider 

are the diameter of the filament and uniformity over its length. The acceptable 

filament diameter for 3D printing is 1.75mm with tolerance of ±50µm. Variation of 

the diameter of the filament above ±50µm makes the filament not useful for 3D 

printing. In this thesis, optimal process parameters for the fabrication of qualified 

filaments are determined. This thesis includes investigations on factors affecting 

the quality of the filament such as material properties, material size, flow of the 

material from hopper to the spool, lack of pushing force of the materials in the feed 

screw, speed of the feed screw and extrusion temperature of different heaters in the 

extruder. From the investigations, the flow was improved by insertion of a stopper 

at the feeding zone. Further, investigations on identifying the ideal conditions for 

extruding other recycled thermoplastic materials will enhance the materials choice 

for manufacturing and stimulates circular economy. 
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INTRODUCTION 

Recently, manufacturing industries have embraced 3D printing technology 

and probably replace or complement traditional subtractive manufacturing due to 

its faster production, cost effectiveness, complex shapes and geometry, less waste 

production, risk reduction are the significant benefits of the 3D printing compared 

to traditional manufacturing techniques (Ben red wood 2020). 3D printing or Fused 

Deposition Modelling (FDM) uses only the material needed for the manufacturing 

of the product and mostly uses filaments as the raw material. These sustainability 

aspects can be enhanced further by producing the 3D printing filaments from failed 

or discarded thermoplastics by process of shredding and extrusion.  

BACKGROUND 

In 3D printing, three dimensional solid objects are manufactured by 

deposition of materials layer by layer. The source of material used for the 3D 

printing by FDM are in the form of filaments. The most commonly used material 

filament for 3D printing is Polylactic Acid (PLA) because of its ease to print, 

biodegradable and are cost effective. PLA is a thermoplastic material derived 

mostly from renewable resources and can be recycled. 

The current project is part of the sustainable development initiative from 

FabLab, Halmstad. FabLab is an experimentation hub with 3D printing by FDM 

used as the technique to develop prototypes. As part of the product development 

process, there will certainly be parts discarded/failed due to the dimensional 

inaccuracy or incomplete prints and support structures. This project concerns 

recycling these failed/discarded 3D printed products into filaments by extrusion 

process. This make the 3D printing even more sustainable and eco-friendly 

manufacturing process.  

Recycling process consists of shredding the failed prints, dehumidifying the 

shredded pieces and extruding the filaments with acceptable quality. The quality of 

the filament is critical to avoid errors during 3D printing process and produce defect 

free product. The quality is assessed based on the filament diameter, shape and 

uniformity which are influenced by raw material’s size, shape and process 

parameters such as melting temperature and extrusion speed. 

AIM OF THE STUDY 

This research aims to produce qualified PLA filaments from failed PLA 3D 

printed products. It also aims to improve the flow of material in the filament 

extruder and achieve an optimal manufacturing method to get the filament diameter 

within the tolerance of ±50µm. Further, the results are summarized into guidelines 

for the sustainable manufacturing of PLA filaments from recycled PLA. The 

following are the research objectives: 

i. The collection and preparation of the materials from the failed recycled PLA 

products before extrusion. 
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ii. Analyse the movement of the material from the hopper to the winding spool 

in the extruder and develop solutions to the different problems in the 

material flow. 

iii. To identify the optimal extrusion settings and produce acceptable quality of 

filaments. 

 

PROBLEM IDENTIFICATION 

To achieve qualified filaments for 3D printing by extrusion process, it is 

important to have a uniform flow of materials in the extruder. This uniform flow of 

material is determined by the material output in the form of filament from extruder 

nozzle. Extrusion temperature, speed, material size and shape influence the flow of 

the material in the extruder. The acute shape and size of the shredded recycled PLA 

materials leads to uneven melting and creates pressure build-up between the 

extruder screw and the wall. This leads to back pressure which obstructs the 

material flow in the feeding zone. Further, the impurities stacked on the feed screw 

and inner walls of the extruder disturbs the flow of the materials. Therefore, it is 

important to study, investigate and examine the different stages of the material 

preparation and extrusion process and identify the technique to improve the 

movement of the material from the hopper to the winding spool without any 

interruption.  

LIMITATIONS  

The study involves the recycling of the PLA material and produce 3D printing 

filaments. The investigation is appropriated at the factors affecting the quality and 

the diameter tolerance of the filament. The research is conducted on 3devo filament 

extruder, with a feed screw and four heating units on it to melt the recycled PLA 

granules to required temperature and a diameter sensor and a puller to measure and 

attain the required diameter within the tolerance. The materials used for the study 

consist of mostly monotonous colour. 

RESPOSIBILITY  

The study is conducted under the supervision of an academic from Halmstad 

University. Responsibility in the concerned field are: 

i. Collection of the PLA failed 3D printed products. It is important to separate the 

failed PLA product from other plastic before starting the material preparation 

process.   

ii. Preparation of PLA failed part before extrusion. Investigating the different 

procedures and process in the preparation of the materials.  

iii. Examine and study the flow of the material in the 3devo extruder without any 

interruption. The flow should be constant and continuous with capable 

diameter. 

iv. Analyse and explore the temperatures of the four heaters in the extruder to 

determine the optimal temperature. 
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v. Examine and evaluate the extrusion speed according to the temperature.  

vi. Clean the 3devo extruder before and after the extrusion process with the help of 

cleaning granules to remove impurities or previously extruded materials 

completely from the extruder feed screw cylinder.   

vii. Responsible for the research and writing the paper.  

viii. Responsible for gathering information’s on the influence of the process 

parameters on the material flow and filament diameter tolerance and quality.  

Analysis and conclusions were cautiously deduced under the guidance of 

supervisor. 

 

STUDY ENVIRONMENT. 

For a better environment, efficient waste collection, sustainable 

manufacturing and recycling are important. By making our own PLA filaments, 

makes the 3D printing process more sustainable and cost effective. Further PLA 

filament from failed PLA products with the help of filament extruder will enhance 

the sustainability aspect. The study and investigation of the preparation of the PLA 

material and PLA filament extrusion process was conducted in Fab Lab, Halmstad 

University.    
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METHOD 

RESEARCH METHODOLOGY 

This segment describes the method used in this research project. It contains 

various stages and the edifice of the stages are described in this section. The 

research methodology began in tactical design such as, problem identification, 

developing requirements and uncovering existing solutions for similar problems, 

generate alternative solutions, evaluate the alternatives and decide on acceptable 

solution. In this study, the chosen method presented below in the figure shows the 

well-organized arrangement of the method which are embraced to form the basis of 

this research.  

 

Figure 1: General research methodology 

 

1. Collection and segregation of PLA: The main aim of this work has been to 

evaluate the necessity of sorting PLA waste plastics prior to mechanical 

recycling. It helps to increase the quality and purity of the filament and 
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reduce variation in the dimensions of extruded filaments. In FabLab, for 3D 

printing different type of plastic filament are used to make the product. 

According to the requirement such as surface finish, colour, hardness, 

strength, elastic properties, etc.; the selection of the filament materials also 

vary. There are biodegradable and non-biodegradable plastic waste. There 

are a lot of automatic sorting techniques available in the market, but here 

because of small amount of waste material and limited numbers of different 

plastics used, manual separation guidelines for separate plastic waste areas 

is suitable. By manual separation the plastic waste is sorted according to the 

type of materials such as PLA, ABS, TPE, carbon Fibre, etc. From 

segregated PLA plastics, sorting can be continued based on the colour and 

size. Before going for the shredding process, all the selected material must 

be cleaned and resized to fit the shredder input hopper. 

 

Figure 2: 3devo shredder 

2. Shredding: In FabLab, 1Shr3dit Shredder, shown in figure 2, from 3devo 

Company is used in this project to shred the PLA failed prints. It is a high 

performance and industrial grade granulator. It can quickly recycle massive 

amount of PLA up to 5.1 kg in an hour. It has user-friendly design with easy 

access and a simple interface. Replaceable knives allow uninterrupted 

processing and peer to closed-loop recycling. It consists of 3 superior 

granulator blades, 6 premium shredder blades, and reversible shredder 

blades. Hopper ensures safe continuous input and prevent escaping of 

plastic scrap from the shredder. Granulate container have easy and safe 

access to granulate and replace easily (support.3devo.com.). After 

shredding the granulate materials are collected from the granulate container. 

From the granulate container a mixture of different size of material are 

produced. Using three different type of filters the mixture granules are 

sorted on base of the size; 1mm, 2mm and 3mm granule sized filters, shown 

in figure 3, are used to sort the granules. Through investigation, it is 

observed that a better flow of material is achieved using this filtering.  

13Devo’s Shr3dit shredder, https://3devo.com/shred-it/   
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Figure 3: Granule filters A. 3mm, B. 2mm, C. 1mm. 

 

3. Dehumidification: The filtered and sorted material are humidified 

separately. For dehumidifying process, 2AIRID, a dehumidifier from 3devo 

Company is used. Dehumidifier consist of a spacious hopper with 5 litres of 

capacity and drying duration is 1 kg per 3 hours. The dyer is equipped with 

OLED display and easy to customize requirements such as blower speed, 

temperature, and mixer rpm with a single rotate-and-push control button. It 

has easy access to different material dryer pre-sets. (support.3devo.com.) 

 

Figure 4: A. 3devo Dehumidifier, B. Control panel on dehumidifier 

Filament extrusion: Dehumidified shredded materials are prepared for the 

extrusion process. For extrusion process, filament extruder, Composer 450 

from 3devo is used. First, dehumidified shredded material is placed in the 

hopper of the extruder. Then extrusion process is started by switch on the 

extruder and using control panel in the extruder with convenient standard 

material pre-sets and customized material temperature profile are available. 

The extruder has four heater zones and temperatures in these zones can be 

controlled independently. A feed screw with varying speed for the material 

flow and nozzle/die at the end of the feed screw results in forming the 

filament. 

23Devo’s AIRID, https://3devo.com/dryer/   
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Figure 5: 3devo Filament extruder 

4. Quality evaluation: The quality of the filament is evaluated by the purity of 

the filaments and the consistency of filament diameter. By cleaning and 

removing the impurities and other foreign materials from the input shredded 

material, the purity of the filament can be controlled. The thickness of the 

filament is measured by the optical sensor and is controlled by the puller 

mechanism in the extruder. The puller mechanism works depending on the 

output flow of the material and automatically adjusts the speed according to 

the thickness scanned by the optical sensor. So, if there is any variation in 

the output flow of the material, it become very challenging for the optical 

sensor with the puller mechanism to respond and calibrate. By connecting 

the extruder with computer using USB cable all the data can be saved and 

with the help of Arduino software all the data can be plotted. By studying 

the plots, the tolerance on the thickness of the filament (with in limit 

±50µm) can be inspected.  

 

Figure 6: Optical sensor and puller mechanism 

5. 3D Printing: The produced PLA filament is then tested using 3D printers. 

The quality of the 3D printing product depends up on the quality of the 

filament used as feed materials. Mostly, 3D printers use 1.75mm diameter 
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PLA filament for printing because of various factors such as lighter per unit 

length, smaller diameter can be heated faster (less time for the heat to reach 

the centre of the filament). Faster printing, more precise plastic flow and 

reduce the risk of oozing can be achieved. Further, less pressure build-up in 

the nozzle to assist the extruder to push the filament with less force. (Jean 

Le Bout hillier, 2016) 

 

Figure 7: Difference of good filament and bad filament quality in 3D printing (Jean Le Bout hillier, 2016) 

While 3D printing, the printer with the help of a software controlling, 

calculate the extrusion volume of the filament based on the filament diameter, the 

diameter of the nozzle, and the extrusion speed. So, if the filament diameter varies 

the volume of the extruded PLA varies and inconsistent extrusion leads to 

imperfection in the manufacturing products. So, our developed PLA filament 

should maintain an absolute constant diameter across the entire length. For 1.75 

mm diameter PLA filament hallmark, a diameter tolerance of ±50µm is required. 

(Jean Le Bout hillier, 2016) 

 

ALTERNATIVE METHODS 

The study includes investigations on constant flow of material from hopper 

to the end die and to maintain continuous material output through alternative 

methods and technique, which is addition to the general research methodology. 

Three techniques were designed and tested to obtain the appropriate result. Each 

methods or techniques are built to increase the flow of material and to maintain it. 

The result of each technique is examined and studied by the variation in the 

diameter tolerance of the filament and constant output flow without any 

interruption.   

Alternative method 1: Stir-up method: Mechanical stirring method consists 

of a stirring stick, which is rotated with a help of an electric motor connected at the 

one end of the stick. The stick can be easily removed and fixed to the electric motor 

shaft and the entire mechanism is mounted at the top of the extruder hopper case. 

Stirring method with different size and structure stick, is implemented in the hopper 

to generate a slight movement or change of position of the materials in the hopper. 
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This will help to avoid different type of granule jamming such as cohesive arching 

and bridging etc. and to increase the flow of material towards the output of the 

hopper. 

 

 

Figure 8: Stirring method 

Alternative method 2: Scooping method: Scooping method consist of a shaft 

which will reciprocate vertically and horizontally with the help of wheel drive 

mechanism and an electric motor attached to one of the drive wheels. The entire 

mechanism is mounted at the top of the hopper case and only the shaft will go inside 

the hopper. Advantage of scooping mechanism with the stir method is that there 

will a pushing force in the hopper. This increases the movement of the material 

from hopper to the feed screw and helps to avoid the jamming of granule material.  

 

 

Figure 9: Scooping method 
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CHOOSEN METHOD 

Method 3: Stopper method: In stopper method, insertion of a conscientiously 

designed part is positioned at the output of the hopper. This stopper will restrict the 

reverse flow of material from the feed screw and is observed to increase the flow 

of material from hopper to the end die of the extruder. By the insertion of stopper, 

the physics of the extruder is changed since the loss in the pushing force of the 

material from the feeder zone to the end die is averted and the pushing force is 

maintained throughout the material flow in the extruder.  

 

Figure 10: Stopper 

 

Figure 11: Top view of the Stopper inserted in the 3devo extruder 
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THEORY 

The principles and science of filament extrusion from recycled 3D printed 

polymer are discussed in the section. The importance of the diameter tolerance and 

quality of the filament and its influence on the material preparation together with 

the extrusion parameters availed in this investigation are discussed in this section.   

LITERATURE REVIEW. 

Fused Deposition Modelling (FDM), an additive manufacturing technique, is 

a process of making solid three-dimensional objects using layer by layer deposition 

along a pre-determined path in vertical and horizontal direction with thermoplastic 

material extruded through a fixed diameter die (Elizabeth Palermo, 2013). The 

design of the object can be generated using Computer Aided Design (CAD) 

software and converted into STL (stereo lithography) format. The STL is later 

sliced based on the 3D printing parameters using a slicing software integrated with 

the 3D printer. Fused deposition modelling (FDM) is also known as fused filament 

fabrication. The common thermoplastic material used for these processes include 

PLA, ABS, PP, PA, TPE and high-performance plastics like PEEK filaments. In 

this project, bio-based thermoplastics, PLA filament are used to investigate the 

recycling of failed or discarded 3D printed parts.  

PLA FILAMENTS. 

Polylactic acid (PLA) is a thermoplastic aliphatic polyester extracted from 

renewable resources (Ceresana, 2018). The basic unit for PLA polymer is usually 

from fermented plant starch such as from corn, cassava, sugarcane, or sugar beet 

pulp. Main two monomers used for preparation of PLA are lactic acid and lactide. 

PLA is the second largest bio plastic used in the world by several industries. PLA 

is biodegradable by the microbial digestion in suitable industrial composting 

conditions. PLA can be incinerated without leaving any residue. So, PLA is more 

environmentally friendly and decreases overall environmental impact. (Ceresana, 

2018). 

                   

                                                                 Figure 12: Different colour PLA filaments 
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In the present market, pure or virgin PLA filaments are available to purchase 

with different colours patterns which maintain a dimensional accuracy of ± 

0.03mm. These filaments used directly in 3D printers are produced from virgin PLA 

granules, which are melted and extruded with required diameter with the help of a 

filament extruder. The studies show that while extruding the virgin PLA granules 

the mechanical properties of the material is similar after the extrusion. 

Investigations on recycled PLA filaments suggest decrease in the mechanical 

properties of 3D printed parts may be due to degradation of the recycled filament 

itself or from the problems in 3D printing such as limited layer adhesion (Maciej 

Kujawa, 2017). Another problem with the recycling of PLA failed prints is that 

there is no filter used in this process and thus there could be some microscopic 

impurities.  

FILAMENT EXTRUDER 

Increase in the annual growth of the additive manufacturing (AM), mostly in 

the area of 3D polymer printing, the amount of waste is increasing at a fast rate. 

The waste is mainly due to failed prints and disposable prototypes. There are several 

filament extruders available in the market to recycle the failed plastic parts into 3D 

printing filaments.   

In this study of recycled PLA filament extrusion, 33devo filament extruder is 

used to conduct the extrusion. 3devo filament extruder is a desktop extruder which 

consists a control panel, hopper, extruder, cooling, sensor, positioner, and winder 

systems. It has smooth accessible settings, favourable standard material pre-sets and 

material profiles for excellent result. It can be connected to a computer by a USB 

cable for updating the machine and collecting log data during extrusion.   

  

  The central part of the extruder is the extruder screw which is rotated by an 

electrical motor with a gear box. The extrusion speed or rotational speed of the feed 

screw can range from 2 rpm to 15 rpm and it can be precise to 0.1 rpm on the 

extruder. As shown in figure 13, four heaters are placed in between the feed screw 

(H4 to H1). (support.3devo.com.) 

33Devo’s filament extruder, https://3devo.com/products/   

Figure 13: 3devo filament extruder 
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Heat applied by the four heaters and due to friction in the feed screw, melts 

the granule shaped materials into molten state. The feed screw is classified into 

three main zones. They are feeding, transitioning, and metering zones. Granule 

shaped materials undergo into these three zones before it moulded into the filament. 

Frist in the feeding zone the granule or pellet shaped material is fed in to feeding 

screw through the feeding hole at the bottom of the hopper placed above the 

extruder. In this zone H4 heater heats up the material and pushes the material in to 

the next zone. In the transitioning zone the material melts up and the pressure is 

developed as the result of tapered screw design. Then in the metering zone complete 

material melts down and mix well by the mixing section of the feed screw. The 

liquid material then moved to the bent and leave through the formula metered 

nozzle or die. (support.3devo.com.)       

As shown in figure 14, two cooling fans are placed under the nozzle for 

cooling the filament. Both fans are positioned in an angle to attain more cooling on 

filament and to prevent the cooling of nozzle. The speed of the cooling fan can be 

manually controlled by the control panel. Under the cooling fan, an optical control 

system or filament sensor is placed. All these systems are positioned perfectly in 

order to guide the filament vertically down. According to the filament pre-set 

diameter and the current measured diameter, the puller mechanism of the system 

calibrates the speed automatically to achieve the desired thickness. Thickness of the 

filament measured by the sensor is visible in the control panel display. 

(support.3devo.com.)      

Then the filament is guided into the spool by the help of a positioner. Spools 

are attached to the spool holder and the holder is correctly attached to the machine. 

The tension of the filament is controlled by a slipper clutch mechanism. By 

adjusting the slipper clutch mechanism, the filament can be spooled effectively. The 

door has been provided that can be closed to prevent the effects of environment on 

this mechanism. (support.3devo.com.)      

 

Figure 14: Optical sensor and puller mechanism 
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DIAMETER AND QUALITY OF FILAMENT. 

In this section we are discussing about the factors that are mainly affect the 

diameter and quality of the filament. The inconsistency in the diameter of the 

filament can be determined by many factors such as (support.3devo.com.): 

1. External factors: To achieve a uniform filament thickness a constant 

processing environment is necessary. A constant environment means that the 

area where wind and temperature should not vary over time. Wind can make 

undesired cooling of the extruder or the filament. By closing the door of the 

extruder there will be some prevention from the wind, but there are many other 

openings where wind can influence the extrusion process. The room 

temperature is as important as wind. Extreme variation in the room 

temperature can disturb the thermal equilibrium of the extruder. The thermal 

equilibrium of the heaters in the extruder is governed by the PID controller. 

PID controller works based on the set temperature and the actual temperature 

of the heaters. PID controller initiates the heater to reach the set temperature 

and to maintain that temperature till the process ends. This balanced 

temperature or thermal equilibrium is very crucial for attaining a constant 

quality and material flow of the filament. If the room temperature of the 

extruder environment varies over time, it will trouble the PID controller to 

maintain the thermal equilibrium. 

2. Temperature settings: The temperature setting of the three zones such as 

feeding, transitioning, and metering is most the important element for getting 

consistent filament thickness. Temperature profile varies according to the 

material and most difficult factor to get right. The temperature profile that 

works best also depends on screw design, material viscosity and flow. 

Through investigation it is found that increasing temperature from heater four 

to heater one, that is increasing temperature from feeding to metering zone, 

give an optimum flow and mixing of the material. While setting temperature 

profile like this initiates the pressure generation inside the feed screw, because 

the rigid materials pushes the liquid material out of the extruder, thus the flow 

of material from feeding zone to metering will be continuous and promote 

filament extrusion.  

 

 

Figure 15: 3devo extruder control panel display 
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3. Extruder RPM: In line extruder RPM also influence the diameter of the 

filament. The inconsistency in the extruder RPM also affect the output rate of 

the material from the nozzle. This inconsistent output rate hardly affects the 

functioning of the puller mechanism to maintain the diameter of the filament.  

The main factors which affects the extruder RPM are wrong temperature 

profile, material feeding issue, material contamination, and polymer 

degradation. Analysing and studying the output rate and puller mechanism, at 

lowest RPM the amount of fluctuation in the diameter of the filament will be 

less. It is more effortless for the puller mechanism to maintain uniform 

filament thickness. 

4. Polymer degradation: Polymer degradation are mostly due to the 

environmental circumstance. Polymer are directly influenced by heat, oxygen, 

light or chemicals in the environment. These will change the properties of the 

material. The polymer degradation fundamentally changes the viscosity of the 

material. Viscosity change of the material directly affect the flow of the 

material either becoming easily liquid or the opposite. This will cause 

variation in the output rate and affect the puller mechanism to maintain the 

diameter according to the information data from the filament diameter sensor. 

If the viscosity of the material is too low, it is impossible for the puller 

mechanism to pull it to the deserved diameter. Bubbles and black spots in the 

filament are also the caused due the polymer degradation of the material. 

Bubble are formed due to the ingredient degradation, moisture content in the 

granule material, steam or trapped air during extrusion process of the filament. 

Black spots are occurred due to carbonized (burnt) polymer. This destroy the 

quality of the filament.  

5. Material contamination: Material contamination deals with the purity of the 

input raw material. In the recycled PLA material preparation, there are 

possibilities to some impurities to enter the mixture of raw material, which can 

disrupt the flow of the material and the also the quality of the filament. These 

impurities may slow down the output rate of the material by creating partially 

blockage on the extruder, some chemical reaction between the materials can 

occur, and degradation signs are found in the filament due to this external 

material. 

6. Cooling filament by fans: Cooling too much may influence the diameter of the 

filament. Proper positioning of the fan is essential because it cause cooling of 

the nozzle. Cooling too much make the filament rigid rapidly and it makes the 

puller mechanism to pull the filament to the desired thickness. So, cooling 

must be controlled easier to make the required diameter of the filament. Too 

much of cooling tends to break the filament.    
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Figure 16: A. Over cooling, B. Correct cooling (3Devo) 

7. Winder mechanism: Winder mechanism also contribute a major part on the 

filament thickness. Before spooling the filament all the parameters of the spool 

should be updated to the data pre-set, such as spool width, empty spool 

diameter, and full spool diameter. The tension of the filament needs to be 

adjusted according to spool the filament smoothly, but not to stretch or pull 

the filament. Pulling or stretching by the winder mechanism changes the 

diameter of the filament.  

 

 

Figure 17: Defect by over tension of winder mechanism 

8. Dirt in the extruder: Dirt inside the extruder can reduces the flow of the 

material and the output rate of the extrusion. So make sure proper cleaning 

procedures according to the cleaning manual should be followed before and 

after the extrusion process. All the material left behind and strick to the 

extruder screw and inner wall of the extruder should be flush out through this 

cleaning procedure. Otherwise it results the flow of material to stagnate and 

contamination of the filament.  

9. Material feeding: An accurate feeding of material is important to get a 

continuous output rate. Hundred percentage of uniform output rate is not 

realistic, but greater change in the output material flow will disrupt the puller 

mechanism to maintain the diameter of the filament. Input material filling to 

the feed screw can be disturbed by many factors such as, inconsistent refilling, 

cohesive arching, rat hole, material bridging, inconsistent input material shape 

and size, blockage in the feed hole, reverse flow of material etc.  

10. Cohesive arching is most common problem identified in the granular material 

feeding. It occurs mainly in the hopper inclined surface due to the single 
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extraneous force or poke. Cohesive arching occurs due to two type of jamming 

phenomena known as bridging and arching. Cohesive arching may form due 

to the dense particle comes towards a convergent flow pattern, such as when 

it reaches the area of the conical or wedged shape of the hopper. Bridging 

phenomena is formed by a group of hard particles become trapped because of 

particle-particle contacts. It may visible at the outlet of the hopper like a bridge 

bowed slightly upward by interlocking a chain of particle.  

 

Figure 18:A. Arching phenomenon, B. Bridging phenomenon (3Devo) 

PRESENT SCENARIO. 

3D printed waste plastics from end-of-life printers were recycled and rebuild 

into sustainable 3D printing filaments. In the present industrial market, there are 

different kind of filament extruders are available. This thesis deals with study and 

investigation in filament extrusion with the help of an extruder developed by 3devo, 

Tech Company in the Netherlands. This thesis is in collaboration with FABLAB, 

Halmstad University, Sweden. 3devo filament extruder is a compact industrial 

filament maker with complete production line. It works on different materials such 

as PLA, PPS, PEEK, PA6, PA12, PC, TPU, TPE, PS, PEKK, and other materials 

of your choice to make sustainable filaments.  

 

Figure 19: A. Globbing, B. Skinny filament (3Devo) 

In present state, the 3devo filament extruder give best results with virgin PLA 

granules which are purchased from industrial market. Virgin PLA granules are 

produced via fermentation processes. While extruding recycled shredded PLA 

pellets with the same filament extruder, the result cannot meet the requirements of 

a qualified PLA filament. Material properties of the entire recycled PLA material 
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may vary since the shredded material are formed from different failed 3D printed 

products which are created and used in different environmental and mechanical 

conditions such as printing temperature, room temperature and humidity, 

deposition rate of the material, purity, aging, etc.  

As per the current requirement, a qualified PLA filament should have a 

constant diameter tolerance within ±50µm throughout the entire filament length. In 

the present circumstance, globbing and skinny strand of filament are the two main 

problems that cause the fluctuating diameter while extruding PLA recycled 

prepared material from failed prints, using 3devo filament extruder. Too much 

material output causes the globbing and too little material output cause skinny 

strand of filament. This research project is mainly focused on the study and 

analysing the factors behind the fluctuating outputs and to solve these two 

complications with suitable techniques and formations.  

 

PREVAILING STUDY AND RESEARCH 

The diameter tolerance and constant output material flow study on 3devo 

extruder is an extension of the research project investigated at FabLab, Halmstad 

university.  

PLA failed prints from the Fab lab are collected separately and recycled for 

the research project. The PLA failed prints are shredded and dehumidified before 

going for the extrusion process. An investigation was carried out in Fab lab of 

Halmstad University to improve the flow of the material by filtering the shredded 

material before dehumidifying. While shredding the PLA failed prints using 

shredder, the shredded material pieces didn’t achieve uniform shape and size. All 

the shredded pieces have different shape and size. To segregate uniform size of the 

shredded material pieces, three size type of filters are used with 3 mm, 2 mm and 1 

mm filtered plates. By using these three filters, three different size groups of 

shredded plastic pieces are segregated. These segregated plastics are dehumidified 

separately and stored in separate air-tight containers.  
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RESULTS AND DISCUSSIONS 

This segment of the report summarizes the results from the experiments 

conducted to optimize the flow of the material and; to optimize extrusion 

temperature and extrusion speed. The filament thickness measurements from the 

optical sensor are recorded by connecting a data cable with the extruder and used 

for quality assessment. These measurements are analysed to optimize the extrusion 

process by chosen methodology.  

       

STUDY OF FLOW OF MATERIALS. 

The optimization of the material flow is determined by observing the input 

and output flow of material in the extruder and by examine the deviations in the 

thickness of the filament. As mentioned earlier, for good quality filaments, a 

consistent flow of output material is required.  

When the solid granular material reaches the transitioning zone from feeding 

zone in the extruder feeding screw, it melts and changes into liquid state. In the case 

of recycled PLA, it is observed that the material escape from the feeding line in the 

feeding zone between the feeding screw and the hopper, as shown in figure 20. This 

reverse flow of material is due to the interruption in the flow of material in feed 

screw. The interruption in the flow of material might be caused due to variation in 

melting duration due to the slightly heterogeneous distribution of size, shape and 

material properties of recycled PLA. The pushing force to overcome this 

interruption is lost when the material escapes from feed line. Hence, more pushing 

force is needed to overcome the interruption caused in the phase transition zone 

which directly affects the material output and the filament thickness.   

 

 

Figure 20: Back-flow of materials A. Top view, B. Schematic view 
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Figure 21: Stopper eliminating the material back-flow A. Top view, B. Schematic view 

From the chosen methodology, the escape of the material from the feed line 

is stopped by inserting a specially designed part in the feed hole of the hopper, 

shown in figure 21. This stopper blocks the reverse flow and exerts pressure in the 

default flow direction. With the insertion of a stopper, better flow of material output 

is observed. 

          

STUDY OF OPTIMUM TEMPERATURE AND SPEED. 

As mentioned in the previous section, the extrusion temperature can be set 

manually, or pre-set profile temperature can be used. According to the material type 

there are different pre-set temperature profile for optimal results.  For temperature 

optimization investigation, three combinations of temperature variation are studied. 

For each heater, different temperatures can be set. Like extrusion temperature 

pattern, extrusion speed is also very important. The lowest extrusion speed is 2 rpm 

and the highest is 15rpm. Through investigating every temperature pattern with 

different extrusion speed such as 5rpm, 4 rpm, 3 rpm and 2 rpm, the best result can 

be identified. The different temperature and speed pattern used to find the optimum 

extrusion pattern are given below in the table 1.  

 

Table 1: Different pattern of extrusion temperature and speed 

PATTERN Heater 4 
(°C) 

HEATER 3 
(°C) 

HEATER 2 
(°C) 

HEATER 1 
(°C) 

SPEED 
(rpm) 

1 175 180 190 195 5, 4, 3.5 
2 185 190 195 200 3 
3 180 190 200 210 2 

 

The selection of the optimum extrusion pattern is done by examining the 

variation in the tolerance of the filament thickness. During the extrusion the 

fluctuation in the filament thickness is observed and recorded very second of 

extrusion by the optical sensor and the quality of the filament is determined by the 

achievement of filament thickness tolerance within the limit, i.e. ±50µm.  
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In the temperature and speed optimization study with pattern 1, the 

temperature variation from H4 to H1 is 175°c to 195°c and with the same 

temperature three different speed of extrusion i.e. 5 rpm, 4 rpm, and 3.5 rpm is 

investigated. The variation in the thickness of the filament and extrusion speed 

variation of pattern 1 is given below in the figure 22 and 23.    

 

 

Figure 22: Filament thickness recorded using Arduino software with tolerance limits 

 

Figure 23: Chart of feed screw rpm variation. 

 

In pattern 2, the temperature variation from H4 to H1 is 185°C to 200°C and 

the extrusion speed is 3 rpm. The variation in the thickness of the filament and 

extrusion speed variation of pattern 2 is given below in the figure 24 and 25.  
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Figure 24: Filament thickness recorded using Arduino software with tolerance limits 

 

By examine and studying the result of pattern 1 and pattern 2, the variation in 

the filament thickness tolerance exceeds the limit and is observed to be inconsistent 

over the extruded length. 

In pattern 3, the variation of the temperature from H4 to H1 is 180°c to 210°c 

and the extrusion speed is 2 rpm. The variation in the thickness of the filament and 

extrusion speed variation of pattern 3 is given below in the figure 26 and 27. 

 

Figure 26: Filament thickness recorded using Arduino software with tolerance limits 

Figure 25: Chart of feed screw rpm variation 
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 By visually examining the results from these three different temperature and 

extrusion speeds tested, pattern 3 has produced better quality filaments with smooth 

surface and is uniform throughout its length. The lowest rpm i.e. 2 rpm is selected 

as the optimum speed for the extrusion of recycled PLA material. The main reason 

behind the selection of the lowest extrusion speed is to avoid unmolten particles by 

increasing melting duration of material and to mix up perfectly in the metering zone 

of the extruder. By chosen methodology and with selected optimum temperature 

and extrusion speed of pattern 3, target filament thickness of 1.75mm with tolerance 

of ±0.50 µm is achieved. The achieved thickness of the filament recorded from the 

extruded is shown in the figure 26. The extruder feed screw rpm during this 

extrusion is shown in the figure 27.  

3D printing by Fused Deposition Modeling   

To validate the results, produced PLA filament from the recycled failed PLA 

printed product shown in the figure 28, is printed using a 3D printer. Here for the 

testing the quality of the developed PLA filament, Flashforge Finder printer is used. 

Slicing software, Flash print, is used to slice the STL file with respect to the print 

settings. The default settings for PLA are used to 3D print the recycling logo along 

with the text ‘recycled PLA’.  The developed PLA filament and the printed part is 

shown in the figure 28. 

 

 

 

Figure 28: Qualified PLA filament from recycled PLA along with 3D printed ‘recycled PLA’ logo. 

Figure 27: Chart of feed screw rpm variation. 

 

Extruder RPM 
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CONCLUSION AND FUTURE RESEARCH 

RESEARCH CONCLUSION 

The implementation of the chosen methodology in the research methodology 

makes a significant improvement in the pushing force and total flow of material 

increased. From extrusion of recycled failed PLA material, it is observed that 

optimum temperature and extrusion speed along with addition of stopper at the feed 

zone is critical to achieve the desired results.  

In this study, the optimal flow of materials and extrusion parameters created 

from experimental and theoretical methods have paved way for most practical and 

feasible solutions within project time frame. This research aims at answering certain 

questions to substantiate the study: 

1. Does the research succeed in developing a methodology that increase 

the flow of material? 

Ans: A feasible method to improve the material flow is implemented in this 

research. The results from filament extrusion suggest there is improvement in the 

material flow. Further, with this method the other parameters such as optimum 

temperature and feed rate are determined. 

2. Does the research succeed in determining the optimum extrusion 

temperature and speed? 

Ans: Through investigating different type of temperature patterns, an 

optimum temperature pattern and speed for the sustainable PLA filament extrusion 

were determined.  The optimum temperature for extruding of recycled failed PLA 

granule in 3devo filament extruder is set up to be 180°c, 190°c, 200°c and 210°c 

respectively from heater four to heater one. The extrusion speed of the extruder is 

determined by the feed rate of the feed screw. According to the feed rate of the feed 

screw and the filament thickness sensed by sensor, the puller mechanism works 

automatically. The optimal extrusion speed, with the chosen methodology and 

optimum temperature, is found as to be 2 rpm, which is the lowest rpm set in the 

3devo filament extruder. This optimum extrusion temperature speed maintains the 

high quality and consistency as well as maximum productivity of the PLA filament. 

3. Does the research succeed in producing good quality filaments?  

Ans:  The criteria for the qualified PLA filament are the thickness, filament 

roundness and uniformity. By analysing visual and experimental results, the 

developed filament by using a stopper and optimizing the temperature and speed 

(pattern 3) are of acceptable quality. Thus, PLA filament from the failed prints and 

discard PLA products, can be used for 3D printing. In this thesis, a good-quality 3D 

part is successfully printed by the developed recycled PLA filament. 
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FUTURE RESEARCH 

In this thesis, the investigations on the flow of the material help to understand 

the pushing force generated by the feed screw. The variation in the pushing force 

results in the fluctuation of filament thickness. The methodology used in this 

research will be the basis to attain the maximum flow of materials. Variations in the 

pushing force will affect the flow of the material and output of the extruder.  

Higher back pressure might push out the stopper from its position. Therefore, 

proper fixtures to hold the stopper in place are recommended as future work. Also, 

more investigations with low extrusion temperature and extrusion speed are 

suggested.  

Extrusion of recycled failed PLA with white and black colours are 

investigated in this research. Extrusion tests are yet to be conducted with PLA 

materials of different colours and with other materials such as ABS and PP.   
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CRITICAL REVIEW 

     The main purpose of this thesis is to develop an ideal methodology to 

increase the flow of material in the 3devo filament extruder for extruding recycled 

PLA material into 3D printing filaments. Using this developed methodology, the 

optimal parameters such as extrusion temperature and speed can be achieved to 

extrude PLA filament with constructive requirements and ideal quality. In this 

critical review, the potential of recycling of PLA material that are used in 3D 

printing, from perspectives of ethical, social, economic, and environmental are 

discussed here. 

Considering the ethical aspects in the investigations of recycling PLA plastic 

wastes into 3D printing, the results are validated by 3D printing with the filaments 

produced. The investigations conducted with the filament extruder does certainly 

consume high volume of cleaning material (HDPE) but the benefits of recycling 

PLA waste outweigh the waste produced from cleaning material. Proper care is 

taken while handling the material. The materials after dehumidifying were stored 

in air-tight container to avoid moisture absorption. 

From economic and environmental aspects, the recycling of the plastics in the 

3D printing saves energy, reduces the pollution and preserves the landfill space. 

Recycling of 3D printed waste reduces the pollution by reusing material instead of 

manufacturing new one. It also helps to saves energy and have significantly less 

impact on the environment through reduction in use of natural resources. 

Considering social aspects, the recycling of PLA material increases the 

sustainability of the rapid prototyping. For small scale production companies and 

education of engineering students, quickly fabricate a prototype of a physical part 

which might help trigger the development of innovative products. With recycled 

PLA filaments, almost everything that are designed and engineered can be 

prototyped using 3D printing technology makes the student a better understanding 

how prototypes aid in their learning to be better designer (Micah Lande, Larry John 

Liefer, 2009).  
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