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This work utilizes an enclosed fused deposition modeling (FDM) 3D printer to improve material properties and 
printing efficiency by minimizing the printing time. Mechanical properties, fracture behavior, and tribological 
performances of printed acrylonitrile-butadiene-styrene (ABS) were investigated. The results showed 
comparable tensile and flexural properties at increased printing speed resulting in reduced printing time, while 
fracture surfaces showed improved interlayer bonding. 3D-ABS exhibited friction reduction up to 26% as 
compared to conventionally manufactured parts. Increased printing speed did not show negative impacts on 
friction and wear performances, suggesting that 3D printing can be adapted for sustainable manufacturing of 
polymeric components. 
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1. Introduction 

The emerging interest in sustainability and circular 
economy aims to improve the resource efficiency 
throughout the material manufacturing, usage, and end-
of-life. 3D printing is becoming more popular as an 
economical, faster, and environmentally sustainable 
manufacturing method for the development of prototypes 
for load bearing and tribological applications. 3D 
printing of thermoplastic composites contributes to 
reduced production lead time, higher recyclability, lower 
wastage, lightweight and customized components, 
resource and energy savings, and minimization of 
associated emissions [1]. Sustainability in 3D printing is 
highly dependent on the influence of printing parameters 
such as chamber temperature, raster angles, and printing 
speed. This study investigates the material performance 
for varying FDM parameters and aims to reduce printing 
time by the utilization of an enclosed chamber 
environment allowing for higher printing speed. 

2. Methods 

3D printed ABS samples were fabricated in horizontal 
orientation with varying raster angles (0°/90° and ±45°), 
varying printing speeds (20 mm/s and 50 mm/s), 0.2 mm 
layer thickness, and 100% infill density using the printer 
at 80°C chamber temperature, 140°C build platform 
temperature, and 260°C nozzle printing temperature. 

2.1. Characterization of FDM printed parts 

3D printed surface quality was analyzed using Zygo 
NewView 7300 Scanning White Light Interferometer. 
Mechanical properties were experimentally determined 
using an Instron Electroplus 3366. JEOL JSM-IT300 
Environmental SEM was used to analyze the worn, 
unworn, and fracture surfaces of printed parts to 
understand the fracture behavior and wear mechanisms. 

2.2. Tribological Characterization 

Cameron Plint TE77 High-Frequency Reciprocating 
(HFR) Tribometer was used to perform friction and wear 
tests. Testing conditions: 10 MPa and 5 MPa contact 
pressures, 0.02 m/s sliding speed, 6 hours test duration. 

3. Results and discussion 

 
Figure 1: Stress-strain curve, friction coefficient, specific 

wear rates, and fracture surfaces of 3D printed ABS. 

Microstructure study of the fracture surfaces revealed 
improved layer adhesion and interfacial bonding owing 
to the reduced temperature gradient between individual 
raster beads and adjacent layers resulting from the heated 
chamber. 0°/90° specimens showed more of a brittle 
nature while ductile fracture mode was predominant for 
±45° raster specimens, also exhibiting the highest tensile 
strength, Young’s modulus, and elongation at break. 
However, increasing printing speed for all raster 
specimen showed similar results for mechanical and 
tribological performance. FDM printed ABS exhibited up 
to 26% reduction in friction coefficients as compared to 
conventionally prepared commercial ABS. Friction 
evolution with time showed dependence on the surface 
roughness of printed sample, while steady-state 
coefficients of friction reduced with increase in normal 
applied load. ±45° specimens exhibited higher resistance 
to surface damage and wear owing to their higher bulk 
material properties observed over 0°/90° specimens. The 
results are evidence that printing speed can be increased 
up to an optimum range without compromising the 
material performance, consequently reducing the printing 
time and overall energy consumption. 
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