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Abstract. Recycled PET has been widely studied for its potential use in 3D printing applications. 

However, few research has examined how printing speed affects recycled PET filament products' 

mechanical and physical qualities. This research examines how printing speed influences the 

physical and mechanical qualities of 3D-printed PET filament goods created from mineral water 

bottle trash. In this study, filament fabrication is carried out using the homemade pultrusion 

machine, then the filament is used for 3D printing with variations in printing speed (30, 45, and 

60 mm/s). The conducted tests comprise density, tensile, hardness, and compressive testing to 

examine their physical and mechanical properties. This research found that 45 mm/s printing 

produced specimens with the maximum density, tensile strength, and hardness. The material 

reached a density of 0.968 g/cm³, tensile strength of 15.752 N/mm², and hardness of 43.50 Shore 

D under these circumstances.  
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In contrast, specimens printed at 30 mm/s and 45 mm/s showed the greatest (10.841 N/mm²) and 

lowest (6.510 N/mm²) compressive strengths. The density, hardness, and tensile strength of 3D-

printed specimens improved as the printing speed increased from 30 to 45 mm/s. Printing rates 

above 45 mm/s reduced specimen density, hardness, and tensile strength. This work promotes 

sustainable manufacturing by showing that recycled PET filament may be used for 3D printing 

and how printing speed affects material qualities, thereby promoting sustainable production 

practices and reduce dependence on virgin materials. 

Keywords: fused deposition modeling, recycled PET filament, 3D printing parameters, 

materials engineering, mechanical properties, sustainable product design. 
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1.   Introduction  

Polyethylene terephthalate (PET) is extensively utilized as the principal material for producing bottled 

drinking water containers [1]. Nonetheless, the escalating manufacturing and widespread use of PET in 

many applications have led to a significant rise in plastic waste, consequently increasing worldwide 

pollution issues [2]. The consumption of PET bottles has been reported to have reached 367 million 

metric tons to date, which is an approximate 2347% rise over the last thirteen years [3]. PET plastic has 

several advantages, including high mechanical strength, transparency, and excellent impact and tensile 

strength properties. In addition, PET is also better in terms of chemical resistance, clarity, processability 

and thermal stability [4]. However, PET waste that is not managed properly has the potential to pollute 

the environment because it is difficult to decompose naturally. At present, polyethylene terephthalate 

(PET) recycling methods are progressing rapidly and diversifying significantly. Products developed 

from recycled PET have been utilized in several fields, including food and beverage packaging, textiles, 

automotive manufacturing, electronics, medicine, construction, renewable energy, farming, and a wide 

array of consumer goods [5]. 

Numerous studies have indicated that recycled PET possesses significant promise as a filament 

feedstock for additive manufacturing, especially in 3D printing [6]–[8]. This versatility is substantiated 

by its material properties, including a comparatively high melting point, an advantageous melt flow 

index, a glass transition temperature, a coefficient of thermal expansion, tensile strength, and cost 

efficiency. In addition to its technological benefits, the utilization of recycled PET promotes ecological 

sustainability and circular-economy principles, rendering it an attractive choice for 3D-printing filament 

applications [6]–[8]. Recently, various studies have investigated the utilization of recycled PET from 

waste bottles to produce filaments and 3D-printed objects, owing to its excellent flowability and superior 

mechanical qualities, predominantly tensile and flexural modulus and strength [6]. Several 3D printing 

techniques, including Fused Deposition Modelling (FDM) and Fused Filament Fabrication (FFF), have 

been utilized to manufacture products with recycled PET filament [6]–[8]. In FDM technology, critical 

process variables including nozzle temperature, material flow rate, and printing speed significantly 

influence print quality, mechanical characteristics, and overall part performance. The interplay of these 

parameters affects interlayer adhesion, structural integrity, and the surface aesthetics of the 

manufactured components [9]. Budiono et al. [10] showed that printing speed greatly affects the 

dimensional durability of recycled PET bottle 3D-printed specimens. When generated at 40 mm/s, 

specimens had dimensions closest to a reference geometry [10]. Yousaf et al. [11] reported that recycled 

PET often exhibits variability stemming from differences in material sources and prior service 

conditions, which can negatively affect print quality and mechanical performance. Recycling operations 

may diminish material strength and durability while increasing moisture content, which could lead to 

printing-related complications.  
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Conversely, virgin PET typically exhibits greater consistency, hence enhancing the optimization of 

printing parameters. Nonetheless, recycled PET offers significant environmental advantages, rendering 

it a crucial area of research for advancing recycling methodologies and material compositions to 

optimize its efficacy. However, few research has examined how printing speed affects recycled PET 

filament products' mechanical and physical qualities. This research examines how printing speed affects 

the physical and mechanical qualities of 3D-printed items using PET filament from mineral water bottle 

trash. This research supports UN Sustainable Development Goal 12: Responsible Consumption and 

Production by promoting recycled materials and sustainable production. 

2.   Methods 

2.1.   Materials and Specimen Fabrications 

This research employed PET bottle garbage from Gunung Pati, Semarang, Indonesia. Drinking water is 

often packaged in PET bottles. PET has a melting temperature of 255–265°C and a glass transition 

temperature of 67–140°C. Tensile modulus is 2.7–4.1 GPa, whereas tensile strength is 58.6–72.4 MPa. 

Flexural modulus is 2.4–3.1 GPa, and flexural strength is 96.5–124.1 MPa. Its impact strength is 34.68 

J/m, indicating its durability and strength [12].  

The research method applied in this study refers to the approach used in the previous research by 

Fitriyana et al. [13]. Waste PET bottles were initially cut into 7 mm wide sheets, which were then 

converted into filament using a specialized pultrusion device. The resulting filament had a diameter of 

1.75 mm. In this study, 3D-printed specimens were produced according to ASTM standards for each 

test. Autodesk Inventor was used to generate the designs, which were then exported in .stl format. 

Ideamaker software was then used to configure the 3D printing settings by importing these design files. 

The model files were saved as .gcode and uploaded to an SD card, which could be plugged into a 3D 

printer (Ender 3 Pro, Creality 3D, Shenzhen, China) after the parameters were configured. The printer 

parameters were adjusted after the filament was loaded into the extruder. The 3D printing process 

commenced by selecting the "Print from SD" option. The nozzle temperature was set to 225°C, while 

the bed temperature was maintained at 60°C. The printing speed was adjusted to 30, 45, and 60 mm/s 

utilizing a linear infill pattern. The initial layer height was set to 0.12 mm, and the subsequent layers to 

0.10 mm, with a nozzle diameter of 0.4 mm. The flow rate was increased to 105% from the initial to the 

fourth layer and thereafter decreased to 100% for the fifth layer onward. Specimens were fabricated with 

no voids, achieving 100% filling density [13], [14]. 

2.2.   Specimen Testing 

This research will evaluate 3D-printed specimens' density, tensile strength, hardness, and compressive 

strength. Construction density testing measures material compactness and internal voids or porosity 

[13], [14]. This study used ASTM D792 density tests on 10 x 10 x 10 mm specimens. DME 220 series 

electronic density meters from Vibra Canada Inc. (Mississauga, ON, USA) were used for the test. 

Tensile testing measures material strength under tensile stresses [13]. This research used ASTM D638 

tensile testing [15], [16]. The Hung Ta Instrument Co., Ltd. (Sammutprakarn, Thailand) HT-2402 

Computer Servo Control Material Testing Machine was used for the tests. Hardness testing is a material 

testing process by measuring the hardness value of the material using a durometer [13]. The hardness 

testing in this study utilized an HT-6600D Shore D Durometer Hardness Tester, produced by Huatec 

Group Corporation (Beijing, China). The test specimens were fabricated with dimensions of 10 mm in 

length, 10 mm in width, and 6 mm in thickness, in compliance with ASTM D2240. Compressive testing 

is a mechanical test that is useful for measuring and knowing the strength of objects against compressive 

forces [13]. The compression testing approach in this study adhered to the ASTM D695 standard. The 

test specimens produced for this investigation measured 25.4 mm x 12.7 mm x 12.7 mm. The 

assessments were conducted utilizing the HT-2402 Computer Servo Control Material Testing Machine, 

produced by Hung Ta Instrument Co., Ltd. (Sammutprakarn, Thailand). Each test in this study was 

conducted in triplicate, and the mean value for each set of measurements was subsequently calculated. 
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3.   Results and Discussion 

 
Figure 1. Effect of printing speed on the density of specimens 

Figure 1 illustrates the correlation between printing speed and specimen density. The best density test 

findings in this study were achieved at a print speed of 45 mm/s, yielding a density value of 0.968 g/cm³, 

followed by 30 mm/s at 0.959 g/cm³ and 60 mm/s at 0.869 g/cm³. The density of the specimen increased 

with elevated print speed. This effect is clearly demonstrated in specimens exhibiting printing 

speeds between 30 mm/s and 45 mm/s. However, as the print speed reaches 45 mm/s, the density of the 

specimens decreases. Elevated printing speeds (>45 mm/s) might exceed the extruder's ability to provide 

material consistently, leading to irregular filament flow. Furthermore, material extruded too rapidly 

lacks sufficient time to adhere to the preceding layer. These conditions could decrease interlayer bond 

strength and elevate porosity, leading to reduced density. This study's results reveal that the best printing 

speed is 45 mm/s. 

Chen et al. (2022) found that layer height impacts object density together with printing speed [17]. 

This study matches Ismail et al. [9]. Their results suggest that 3D printer speed may affect product 

density. As printing speed increased from 20 to 40 mm/s, specimen density increased. The interference 

screw specimens' density dropped as the printing speed reached 60 mm/s. The higher printing speed 

may not allow the material to settle or mix effectively, resulting in holes or spaces in the printed structure 

and reducing density [9]. 

 
Figure 2. Effect of printing speed on the tensile strength of specimens 

Figure 2 shows how printing speed affects 3D-printed tensile strength. The greatest tensile strength 

observed in this study was 15.752 N/mm² at a printing speed of 45 mm/s. The specimen printed at 30 

mm/s had a tensile strength of 13.277 N/mm², whereas the specimen produced at 60 mm/s had 12.917 

N/mm². As printing speed increased, notably from 30 to 45 mm/s, specimen tensile strength improved. 
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Increased printing speed improves material melting, increasing strength. Melting improves interlayer 

bonding by increasing material adherence to the previous layer. Stronger interlayer connections boost 

mechanical strength, notably tensile strength. As printing speed exceeds 45 mm/s, specimen tensile 

strength drops. Excessively high printing speeds can impede effective material melting, leading to a 

reduction in strength. At speeds exceeding 45 mm/s, the material may lack adequate time to melt and 

integrate with the preceding layer uniformly. Consequently, inconsistencies in layer adhesion may 

occur, leading to imperfections in the material's microstructure and decreasing tensile strength. 

Moreover, increased printing rates may cause significant heat accumulation in the nozzle, leading to 

reduced material viscosity and the risk of flaws like warping or delamination. 

Research conducted by Kumar et al., (2020) on understanding the relationship between structure, 

properties, and processes in 3D printing using PETG materials with the FDM method [18]. The results 

showed that changes in FDM process parameters can affect the mechanical properties of 3D models printed 

using PETG materials. It was found that the tensile and flexural strength increased from 40 mm/s along 

with the printing speed until it reached a maximum and stabilized at 60 mm/s printing speed and reached 

a minimum limit at 80 mm/s before breaking. In addition to printing speed, several aspects impact PET 

specimens from mineral water bottles' Ultimate Tensile Strength [19]. Speed may also alter 3D printing 

density, resulting in varying tensile strengths [20]. Sahoo et al. (2023) used FDM to manufacture PLA 

specimens by altering layer thickness, infill percentage, and printing speed. The speed settings were 40, 

50, and 60 mm/s. For maximal roughness, 60 mm/s was best [21]. Printing speed and layer thickness affect 

tensile characteristics [22]. The mechanical properties of printing parts are highly dependent on the 

molding parameters [23]. 

An increase in density leads to a corresponding increase in tensile strength, and vice versa. Increased 

density indicates reduced pores or voids within the material, facilitating more robust and cohesive 

connections among molecules or across layers. This improves the specimen's mechanical strength, 

encompassing its tensile strength. If the specimen's density is low, it contains more pores or voids within 

the substance. The presence of these pores can lead to microstructural abnormalities in the material, which 

diminishes tensile strength because specific locations become more vulnerable to damage under tensile 

pressures. This study's findings align with Solechan et al.'s [24] research, which shows that increased 

biocomposite density correlates with enhanced ultimate tensile strength. The analysis revealed that the 

maximum tensile strength of 30.68 MPa was recorded in specimens exhibiting the highest density of 1.39 

g/cm³.  

 
Figure 3. Effect of printing speed on the hardness of specimens 

Figure 3 shows how printing speed affects 3D-printed specimen hardness. Best hardness was 43.50 Shore D at 

45 mm/s printing speed. Hardness was 42.750 Shore D for 30 mm/s prints. In comparison, 60 mm/s samples were 

41.417 Shore D hardness. With faster printing speeds, notably 30–45 mm/s, specimens were harder. The 3D-

printed specimens became less hard as the printing speed exceeded 45 mm/s.  
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This investigation established a correlation between the hardness of the specimens and their densities, indicating 

that the trend in hardness matched that of density. A greater density value correlates with the increased hardness 

of the produced specimens and vice versa [25], [26]. The increase in density may decrease porosity, enhance 

particle adhesion, elevate load transmission, and render the material more resilient to deformation. Consequently, 

the hardness of the composite specimens improved. 

Figure 4 shows how printing speed affects 3D-printed specimen compressive strength. At 30 mm/s, 45 mm/s, 

and 60 mm/s printing rates, compressive strengths (N/mm²) were 10.841, 6.510, and 9.559, respectively This study 

demonstrates the relationship between compressive strength and specimen density, suggesting that the trend in 

compressive strength is inversely proportional to the trend in density (Figure 4). Increased density values are 

associated with a reduction in the compressive strength of the specimens generated, and vice versa. The results of 

this investigation align with the findings documented by Othman et al. [27]. Their findings demonstrate a rise in 

density, succeeded by a reduction in compressive strength, especially in FC and PFC1 specimens. 

 
Figure 4. Effect of printing speed on the compressive strength of specimens 

4.   Conclusion 

This research examines how printing speed affects recycled PET filament 3D-printed objects' physical 

and mechanical qualities. Testing shows that printing speed significantly impacts specimen density, 

tensile strength, hardness, and compressive strength. When printing speed increases from 30 to 45 mm/s, 

density, hardness, and tensile strength improve. However, printing speeds exceeding 45 mm/s degrade 

these qualities. Insufficient time for solidification and interlayer adhesion may cause internal cavities in 

the printed structure. Thus, increasing porosity lowers density and mechanical qualities of printed 

components. Highest density, tensile strength, and hardness were achieved at 45 mm/s printing speed, 

with 0.968 g/cm³ density, 15.752 N/mm² tensile strength, and 43.50 Shore D hardness. We found an 

inverse relationship between density and compressive strength. As density increases, specimen 

compressive strength decreases, and vice versa. The specimen with the maximum density and produced 

at 45 mm/s had the lowest compressive strength, 6.510 N/mm². However, this study did not account for 

heat-induced degradation of PET during printing, which could affect the specimens' mechanical 

properties. Furthermore, long-term stability evaluations and empirical prototype assessments are 

necessary to yield comprehensive insights into the functionality of recycled PET. Additionally, 

examining the impact of alternative printing settings, such as layer height and infill %, could enhance 

the optimization of recycled PET for industrial use. 
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