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Figure 22 Tensile test results on PC-ABS filament with varied outline overlap (A) stress-
strain curves, (B) tensile strength.

Figure 23 Tensile test results on recycled polymers (A) stress-strain curves of die-cut
tensile bars, (B) tensile strength and modulus.
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Table 1 displays thermal properties from DSC measurements. The two sources of PP
examined, PP cups and yogurt containers, have the same melting temperature and similar
percentages of crystallinity, but the crystallization temperatures are 16 degrees apart. This
difference may be due to the dyes and fillers in the yogurt container compared to the cups which
were transparent and likely had less additives. The thermal characterization of PS only provided
glass transition (Tg) information since it is an amorphous polymer, and the Tgs were more or
less identical for the two sources of PS. The thermal information for the PET water and soda
bottles were markedly different. The PET in the soda bottles had a higher Tg, melting point,
lower crystallization temperature, and was more crystalline. Only one source of HDPE was
examined.

Chemical characterization was performed using FTIR (Figure 24). The two sources of PS
examined (petri dishes and utensils (opaque)) appear chemically identical, even with the
presence of fillers in the utensil. The two sources of PET (water and soda bottles) also appear
identical. The PP cups and yogurt containers had three regions that were notably different, most
likely due to the dyes in the yogurt containers.

Table 1. Thermal characterization of recycled polymers using differential scanning calorimetry.

Polymer T, (°C) T (°C) T, (°C) % Crystallinity
rPP (cup) -6.8 126.6 165.9 53.6

rPP (yogurt tub) * 110.7 169.9 45.7

rPS (utensil) 91.7

rPS (petri dish) 89.2

rPET (soda bottle) 92.5 188.2 248.4 46.5

rPET (water bottle) | 73.3 197.19 243.9 18.5

rHDPE (milk bottle) ** 115.6 137.8 75.5

*Tg4 not visible, **T4 below instrument minimum (< -80 °C)
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Figure 24 Chemical characterization of recycled polymers using FTIR-ATR. Yellow boxes

highlight different peaks between polypropylene sources.

Recycled PS, PET and PP has been fabricated into filament and printed into tensile bars.
Tensile bars from recycled plastic were printed using either 50% (PS) or 100 % (PP, PET) infill,
grid pattern and 30 % overlap. The PS tensile bars were quite brittle and had a mean tensile
strength of 19.9 + 3.9 MPa or about half of the Stratasys filament (34.0 + 0.8 MPa). Because the
PS filament was so brittle and was difficult to spool and feed in the printer, infill and printing
parameters were not optimized. PET filament from plastic soda bottles has a tensile strength
comparable to the Stratasys PC-ABS filament (36.4 + 3.1 MPa (PET) vs. 34.8 + 0.8 MPa (PC-
ABS)). PP from yogurt containers had a lower mean tensile strength of 20.1 £ 2.3 MPa. Printing
parameters are currently being optimized to improve tensile strength of the printed parts from
recycled filament. Filament has been made with HDPE but has not yet been printed or tested.

CONCLUSIONS

Reducing the dependence on the logistical supply chain on forward operating bases will not only
increase operational readiness and the self-sustainability of warfighters in-theater, but also
improve the safety of the warfighter by reducing threat vulnerabilities. The ability to fabricate
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needed parts on demand, in-theatre in austere environments with available resources would be
game-changing for the military.

With respect to the production of AM-grade metallic powder in-theater, Molyworks has made
great strides in producing powder in a mobile foundry contained within an ISO container. The
batches can be made with scrap metal, and the subsequent powder can be cold sprayed and
additively manufactured using the LENS process. The vision is to have the future capability to
produce this powder in-theater for real-time repair of components (for example, with cold spray
technology), or the building of spare parts.

UNI has shown that desert sand can be 3D-printed to make casting molds to produce parts via
traditional foundry casting. This proof-of-concept showed that locally available sands, with little
processing could be effectively utilized to produce metal casting molds of sufficient strength to
cast light metal alloys. This capability may someday allow for manufacturing of parts in-theater
using indigenous sand, and recycled/reclaimed battlefield scrap.

Finally, ARL researched the use of recycled plastics with 3D-printing applications. Studies were
conducted to determine the best print parameters to make the strongest part with the least
amount of material. Sources of potential plastic waste were characterized to understand
thermal, mechanical and chemical properties. PET had the highest tensile strength, and is likely
the best candidate for making strong plastic parts. Tensile bars were printed with recycled
filaments and tested. Future work will involve testing tensile specimens from recycled PP,
HDPE and PET filaments.

FUTURE WORK

ARL is interested in any and all manufacturing processes that can be utilized in-theater with
indigenous, recycled and reclaimed materials, and will pursue paths leading to the ultimate use
of AM on the battlefield using these materials as feedstocks.
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