
 
 
 
 
 
 
 
 
 
 
                                                                                                                                                                 DOI: 10.3303/CET2291070 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Paper Received: 26 January 2022; Revised: 28 March 2022; Accepted: 12 May 2022 
Please cite this article as: Patti A., Acierno S., Cicala G., Tuccitto N., Acierno D., 2022, Refining the 3D Printer Set-up to Reduce the 
Environmental Impact of the Fused Deposition Modelling (fdm) Technology, Chemical Engineering Transactions, 91, 415-420  
DOI:10.3303/CET2291070 
  

 CHEMICAL ENGINEERING TRANSACTIONS   
 

VOL. 91, 2022 

A publication of 

 

The Italian Association 
of Chemical Engineering 
Online at www.cetjournal.it 

Guest Editors: Valerio Cozzani, Bruno Fabiano, Genserik Reniers 
Copyright © 20 22, AIDIC Servizi S.r.l. 
ISBN  978-88-95608-89-1; ISSN  2283-9216 

Refining the 3D Printer Set-up to Reduce the Environmental 

Impact of the Fused Deposition Modelling (FDM) Technology  

Antonella Pattia,*, Stefano Aciernob, Gianluca Cicalaa, Nunzio Tuccittoc, Domenico 

Aciernod 

a Department of Civil Engineering and Architecture (DICAr), University of Catania, Viale Andrea Doria 6,95125 Catania, Italy 
b Department of Engineering, University of Sannio, Piazza Roma 21, 82100 Benevento, Italy. 
c Department of Chemical Sciences, University of Catania, Viale A. Doria 6, 95125 Catania, Italy 
d CRdC Nuove Tecnologie per le Attività Produttive Scarl,Via Nuova Agnano 11, 80125, Naples, Italy 

antonella.patti@unict.it 

The major aspects affecting the environmental and health impact of the fused deposition modelling (FDM) are 

concerned with energy consumption, waste material, and emission of harmful by-products. To reduce pollution 

associated with 3D printing development, a study has been conducted to optimize operating temperatures, 

process times, and filament constituting material, with carefulness as the same characteristics may adversely 

affect the appearance and mechanical properties of 3D printed parts. In this regard, pellets of polylactide acid 

(PLA) have been extruded in a lab compounder to create a bio-based filament that was printed under various 

operating conditions, i.e., by changing layer thickness (0.14, 0.19, 0.29 mm), infill density (50, 70%, 100%), 

patter (linear, honeycomb, octangular), extruder temperature (from 180 to 220 °C). 3D printed specimens were 

examined using dynamic-mechanical analysis (DMA) by verifying the sample size and weight, as well as the 

printing time. Analysis on material viscosity at different testing temperatures was also performed to identify 

potential range of extruder temperatures, and limit printing attempts Finally, measurements of volatile organic 

compounds (VOC) emission have been conducted on thermally treated samples at temperatures of 70°C, 

190°C, and 220°C, to gain information on potential quantity of pollution deriving from the extruded polymer, 

deposited layers on the heated plate, and potential residues in the printer. 

1. Introduction 

The fused deposition modelling (FDM) is one among the various methods belonging to the wide family of 

Additive Manufacturing (AM) technologies. It consists in a filament, of neat or filled polymer, melted and extruded 

through a nozzle, and deposited on a heated platform in a layer by layer manner (Patti, et al., 2021b). Even 

though FDM is considered a relatively eco-friendly technology when compared to traditional plastic material 

processing, however, this method has an environmental impact, as it consumes material and energy and emits 

semi-volatile organic components (SVCs) into the environment also by printing the most common polymers, 

such as acrylonitrile butadiene styrene (ABS) and polylactic acid (PLA). The main sources of emissions are the 

exit of high-temperature melted polymer from the die, as well as the presence of residues left in the nozzle. 

Printing speed and flow material have a small effect on emissions, whereas bed and extrusion temperatures are 

the leading contributor of energy consumption (Simon et al., 2018). The materials used in FDM technologies 

contribute significantly to the environmental impact. Recyclable materials could be adopted notwithstanding the 

uncertainty of final properties that may deteriorate compared to virgin resources (Patti, et al., 2021a), or design 

parameters, such as filling level and processing temperatures, could be optimized to allow the reduction of waste 

material and energy consumption (Suárez et al.). The effect of three infill densities (25, 50, and 75%), and three 

infill patterns (grid, tri-hexagon, and concentric) on tensile features of printed PLA-based objects has been 

examined by Rismalia et al. (2019). According to results, the concentric pattern with 75% in infill density had the 

highest tensile properties, and ultimate strength of 42.2 MPa. The mechanical properties of samples at 100% in 

infill density were not affected by the patter. Layer thickness and extruder temperature were discovered as 
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determining factors in affecting the surface roughness of PLA samples produced by FDM: reducing the layer 

thickness and increasing the printing temperature resulted in a better surface quality. (Kovan et al., 2018) 

In this framework, the study aimed to optimize the printing process of PLA-based filament by opportunely 

choosing technological parameters such as layer thickness, infill density, extruder temperature, and design 

pattern in view of reducing the used material and printing time, by checking the mechanical characteristics of 

final products. In addition, the material flow behaviour and VOC emissions at different temperatures have been 

investigated. 

2. Material and methods 

2.1 Material 

For the investigation, pellets of PLA based polymer (cod. Ingeo™ Biopolymer 4032D, specific gravity 1.24 g/cc) 

were supplied by Natureworks. From the technical datasheet, this polymer is an ideal product for lamination and 

other packaging applications and can be converted into biaxially oriented films. Preliminary thermal analyses 

confirmed a melting point around 175°C and glass transition temperature of 65°C. 

2.2 Filament preparation 

Pellets were extruded in a twin-screw extruder (mod. KETSE 20/40 D), produced by Brabender (Duisburg 

Germany). According to technical data sheet, processing temperatures were established in the range of 180-

210°C. In particular, the feed temperature was set at 180°C, the adapter and die temperatures were set at 

200°C, the melting zone was set at 210°C, and a screw speed of 30 rpm was fixed. When the material came 

out from the die, it was stretched and cooled in air using a roller system. To achieve a nominal filament diameter 

of 1.75 mm for next extrusion in 3D printer, the stretching speed of the first drive system has been set at 1.5 

rpm, that of the second drive has been fixed at 2.5 rpm.  

2.3 Sample Preparation 

The so-obtained filament was processed using fused deposition modeling (FDM) technology in a Zortax 3D 

printer (cod. M200) (Olsztyn, Polonia). Rectangular specimens suitable for dynamic mechanical analysis (DMA) 

testing, nominal size 2x6x26 mm3, were realized by varying extruder temperature, layer thickness, infill density 

and geometrical pattern. Table 1 contains a summary of chosen processing conditions for 3D printing. The other 

printing parameters were left at their default settings (printing speed, extruder flow rate, fan speed), or specific 

values were established: the bed temperature was fixed at 70°C, the retraction speed was kept at 36 mm/s, the 

retraction distance at 1.2 mm, the first layer gap at 0.39 mm, layers number of the top and bottom surfaces 

equal to 4. The nozzle diameter was 0.4 mm. Prior to the process and testing, the material was dried in an oven 

for 10 hours at 80 °C. 

Table 1: Processing conditions for the filament printing 

Extruder 

temperature 

(°C) 

Layer 

thickness 

(mm) 

Infill Density 

(%) 

Pattern 

210 0.14 100 Linear 

210 0.19  100 Linear 

210 0.29  100 Linear 

210 0.19  70 Linear 

210 0.19  50 Linear 

210 0.19  70 Honeycomb 

210 0.19  70 Octangular 

180 0.19  100 Linear 

190 0.19  100 Linear 

200 0.19  100 Linear 

220  0.19  100 Linear 

2.4 Characterization techniques 

The linear viscoelastic characterization of filament was carried out in a rotational rheometer (mod. ARES-G2) 

supplied by TA Instruments (New Castle, DE, USA), with parallel plates, 25 mm in diameter, in the frequency 

range from 0.1 to 100 rad/s, strain of 1%, at 170, 190, and 210 ◦C, under air atmosphere (through the so-called 

“Frequency sweep tests”). 
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Figure 3: Effect of printing parameters on storage modulus (E’) against temperature, printing time and sample 

weight: (a) extruder temperature (190, 200, 210, 220°C); (b) infill density (50, 70, 100%); (c) design pattern 

(Linear, Honeycomb, Octangular); (d) layer thickness (0.14mm, 0.19 mm, 0.29 mm). 

4. Conclusions 

In this work, the influence of layer thickness, design patter, extruder temperature, infill density on thermo-

mechanical characteristics of 3D printed PLA-based parts has been studied. To optimize the printing process, 

by reducing the involved material, and duration, changes in sample weight and printing time as function of 

different printing parameters have been also evaluated. Rheological behaviour and VOC emissions at different 

temperatures have been also investigated. Results allowed to identify flow characteristics suitable for the 

printing at temperature at least of 190°C. The storage modulus, as well as the sample mass and printing time 

resulted to be slightly affected by infill density, design pattern and extruder temperature. On the contrary, a 
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strong effect of the layer thickness has been found on investigated properties. In this latter case, by increasing 

the layer thickness, lowest values in sample mass and processing time were achieved, but also a strong 

reduction of mechanical resistance. VOC emissions deriving from heating the polymer to 70 °C were found to 

be very small, especially compared than those measured at 190 °C, and even more so at 220 °C. So, it was 

concluded that the main source of pollution occurred during polymer processing at the extrusion temperature: 

the lower the extruder temperatures, the lower the volatiles release in the environment. Then, once melted 

filament has been deposited on the support, at temperature close to the polymer glass transition, the volatiles 

emitted could be considered negligible. 
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