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Additive manufacturing, more commonly known as 3D printing is a 

process where a material is added onto itself  layer by layer to create a 3D 
model. Incorporating recycled materials into the filament could be used to 
reduce production costs. Recycled materials that lend themselves to 
filament include: water bottles, sand, and recycled 3D parts. Combining 
recycled materials, with industry standard materials has the potential to 
decrease production times, using available items to create filaments. 
Essential in this process is ensuring that the combined filament performs 
at a level commensurate to the standard material. This project analyzed 
the tensile strength of  composite filaments for feasibility for both 
household and commercial use. The null hypothesis being the mean 
difference between the tensile strength of  the composite filament and the 
ABS filament was equal to zero. The testing methodology was adapted 
from Kleft et al. (2016) based on the tensile testing they described in their 
research.

3D printing filament is made on a large production scale putting raw 
material into a massive extruder where it is melted into a compressed line 
and then spooled. Variations in the temperature during the extruding 
process change the overall diameter of  the filament and effect the 
consistency of  the material. Determining and maintaining the appropriate 
temperature was key in producing useable filament. The lower the 
extruding temperature the better the material held its shape and kept a 
consistent diameter—which was necessary to ensure the material didn’t 
slip and cause the part to fail during printing. The filament diameter can 
also undergo changes during cooling following the extrusion. To combat 
this a long water bath, periodically cooled with ice, was used. The water 
bath allowed the material to evenly cool before being spooled for printing. 

This research focused on the use of  recycled bottles in additive 
manufacturing filaments. Water bottles were shredded in a micro-cut 
shredder three times. Pure ABS was then mixed into the plastic and again 
shredded three times. Different ratios of  ABS to plastic were created for 
feasibility of  filament extrusion and tensile strength comparison. Before

entering the extruder the mixture was heated for 30 minutes to remove any 
moisture trapped which would make extruding it much more difficult. The 
extruder was heated to 253 °C and extruded at a low speed to reduce the 
chance of  pulling on the material. The filament was put into the water 
cooling bath (Figure 1). Ramps with guiders on the top were used to prevent 
the material from moving and deforming. The filament was sent into a 
spooler where its diameter was measured (Figure 2). The spooled material 
was used to print standard tensile bars. The tensile bars (Figure 3) were 
tested on an Instron 1125 where the results were recorded for both the 
standard ABS bars—as well as the composite material bars. Once the 
filament was made for all three material blends, ten of  each tensile bar were 
printed and tested for impact load and tensile strength.

Results

Conclusions
The military is often faced with challenges related to receiving parts in 

remote locations for equipment repairs in a timely manner. In some cases 
this can sideline critical weapons, vehicles, and countless other items from 
reaching soldiers. Deploying 3D printers at the “point of  need” could 
reduce the burden of  the supply chain and possibly get repaired 
equipment back in the hands of  those on the front lines more quickly. 
Using readily available recycled materials to produce 3D printer feedstock 
could further reduce the bottleneck of  shipping these printing materials. 
This preliminary research showed that a 15% recycled water bottle and 
ABS composite could meet this need. 
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Figure 1: The 
extrusion setup 
mentioned with the 
extruder, ramps, 
cooling bath, fan, and 
spooler shown in 
correct orientation.

Graph 1: A two sample t-test showed there 
was a significant difference in tensile strength 
between the 15% water bottle filament (M = 
88.11 lbf, SD = 6.003) and pure ABS (M = 
72.80 lbf, SD = 5.092), t(10) = 5.74, p = 
0.004. The mean difference in scores 
between the groups was 14.31 lbf  with a 95% 
confidence interval ranging from −20.56 to 
−10.06. Another two-sample t-test showed 
that there was not a significant difference in 
tensile strength between the 50% water bottle 
filament (M = 83.01 lbf, SD = 15.431) and 
pure ABS (M = 72.80 lbf, SD = 5.092), t(10) 
= 1.98, p = 0.0624 (Graph 1). The mean 
difference in scores between the groups was 
14.31 lbf  with a 95% confidence interval 
from −0.59 to 25.01. 

Before After

Figure 2: 15% ABS filament before 
the variables were controlled, (left), 
and after they were controlled, (right).

Materials and Methods

6 mm Figure 3: Three 15 cm tensile bars of  the 
different materials tested. Pure ABS, 
15% PET, and 50% PET, respectively.
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Graph 2: A two-sample t-test similarly 
showed a significant difference in impact 
force between the 15% water bottle 
filament (M = 101.88 lbf, SD = 14.58) 
and pure ABS (M = 84.84 lbf, SD = 6.64), 
t(10) = −2.57, p = 0.03. The mean 
difference in scores between the groups 
was 17.04 lbf  with a 95% confidence 
interval ranging from 2.02 to 32.05. 
Similar to tensile strength, there was not a 
significant difference in impact force 
between 50% water bottle filament (M = 
81.81 lbf, SD = 8.01) and pure ABS (M = 
84.84 lbf, SD = 6.64), t(10) = 1.19 p = 
0.252. The mean difference in scores 
between the groups was 3.03 lbf  with a 
95% confidence interval ranging from 
−2.27 to 8.06. 60
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