
Accepted Manuscript

Title: Recycled Polyethylene Terephthalate as a New FFF
Feedstock Material

Authors: Nicole E. Zander, Margaret Gillan, Robert H.
Lambeth

PII: S2214-8604(18)30004-6
DOI: https://doi.org/10.1016/j.addma.2018.03.007
Reference: ADDMA 303

To appear in:

Received date: 2-1-2018
Revised date: 5-3-2018
Accepted date: 6-3-2018

Please cite this article as: Nicole E.Zander, Margaret Gillan, Robert H.Lambeth,
Recycled Polyethylene Terephthalate as a New FFF Feedstock Material (2010),
https://doi.org/10.1016/j.addma.2018.03.007

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

https://doi.org/10.1016/j.addma.2018.03.007
https://doi.org/10.1016/j.addma.2018.03.007


Recycled Polyethylene Terephthalate as a New FFF Feedstock 

Material 

Nicole E. Zander*, Margaret Gillan and Robert H. Lambeth 

United States Army Research Laboratory,  

Weapons and Materials Research Directorate,  

Aberdeen Proving Ground, Aberdeen, MD 21005 

 

*nicole.e.zander.civ@mail.mil 

Abstract 

Reclaimed materials such as waste plastics can be utilized in additive manufacturing to improve 

the self-reliance of warfighters on forward operating bases by cutting costs and decreasing the 

demand for the frequent resupplying of parts by the supply chain.  In addition, the use of waste 

materials in additive manufacturing in the private sector would reduce cost and increase 

sustainability, providing a high-value output for used plastics.  Experimentation is conducted to 

process polyethylene terephthalate bottles and packaging into filament that can then be used for 

additive manufacturing methods like fused filament fabrication, without the use of additives or 

modification to the polymer.  The chemistry of different polyethylene terephthalate recycled 

feedstocks was evaluated and found to be identical, and thus mixed feedstock processing is a 

suitable approach.  Rheological data showed drying of the recycled polyethylene terephthalate 

led to an increase in the polymer’s viscosity.  Thermal and mechanical properties were evaluated 

for filament with different processing conditions, as well as printed and molded specimens.  

Crystallinity ranged from 12.2 for the water cooled filament, compared to 24.9 % for the 

filament without any active cooling.  Tensile results show that the elongation to failure was 

similar to an injection molded part (3.5 %) and tensile strength of 35.1 ± 8 MPa was comparable 

to commercial polycarbonate-ABS filament, demonstrating the robustness of the material.  In 

addition, three point bending tests showed a similar load at failure for a select long-lead military 

part printed from the recycled filament compared to parts printed from commercial filament.  

Thus filament from recycled polyethylene terephthalate has the capability for replacing 

commercial filament in printing a diverse range of plastic parts.  

1. Introduction 

Additive manufacturing (AM) is a type of manufacturing process that builds custom products, 

generally in a layer-by-layer fashion, from a three dimensional (3D) computer-aided design 

(CAD) model.  Plastics, metals, ceramics, composite and even biological materials can be joined 

in this fashion to generate 3D objects [1-3].  The potential applications of AM technologies are 

extensive—everything from pre-production models and temporary parts to end-use aircraft parts 

and medical implants [4].  AM offers many advantages over traditional manufacturing, including 

increased part complexity and reduced time and cost for one-off items [5,6].  This greatly 

enables new product development and drastically reduces the time from production to market 

[7,8].  While AM offers many important advantages, there are several challenges, including slow 

build rates, high production costs for scale up, post-processing requirements, limited build 
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