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Abstract

3D printing has been gaining much attention worldwide because of its capability and ease of use
for different industries. Based on somebody’s imagination and creativity, new parts can be
created in a shorter time with cost effective ways. This study mainly focuses on the mechanical
properties of 3D printed polylactic acid (PLA) parts exposed to UV light, and moisture and
kerosene bath, and compares the changes of mechanical strengths with the original samples.
Tensile test studies indicated that mechanical properties of the 3D printed parts could be
drastically reduced when the prepared samples were exposed to UV light, and moisture and
kerosene bath. After proper training, two undergraduate engineering students were involved in
these studies and gained enormous hands-on research experience on the 3D printing process and
degradation mechanisms of those parts under different conditions. These students also used these
hands-on activities for their Engineer of 2020 requirements in the College of Engineering at
Wichita State University.
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1. Introduction

Three-dimensional (3D) printing, also known as additive manufacturing and rapid prototyping,
refers to a process used to create a 3D object where layers of polymeric and metallic materials
are formed on top of each other to manufacture 3D objects. The size and shapes of the 3D parts
can vary substantially. 3D printing technologies have been improving continuously worldwide.
One of the earliest technologies in this field is called rapid prototyping technologies developed in
the 1980s. The rapid prototyping enables engineers to reduce the time of manufacturing more
complex parts, and also provide more time to design specific materials. Charles Hull has the
privilege to have the first patent for stereolithography apparatus (SLA) in this field. In the year
2000s, SLM technology has been introduced to the market because many commercial
opportunities were available for the 3D printer [1].

A lot of experimental studies use Acrylonitrile-Butadiene-Styrene (ABS) and Polylactic Acid
(PLA) for 3D printing, but other polymeric materials (e.g., nylon, polycarbonate, polyurethane,
etc.) have not been experimented much. When compared ABS to PLA filament, ABS plastic is
more ductile and less brittle, so it can also be post-processed with acetone to provide a glossy
finish in the final product. Cantrell et al., 2016 conducted a research study on mechanical
properties of 3D printed ABS and polycarbonate parts. The experiments have been performed
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using tensile and shear tests to determine the different properties with various directions of
materials. Dog bone shape specimens were printed and tensile tests were conducted on the
specimens to measure the strain. Yield strength, ultimate tensile strength, Young’s modulus,
Poisson’s ratio, and breaking strength data have been collected and analyzed. The test results
indicated that the shear yield strength and shear modulus has been considerably increased [2,3].

PLA is a promising candidate for industrial applications because of its low cost, decent
properties and biocompatibility [4]. This polymer is also approved by FDA for biomedical and
manufacturing studies. Traditional polymer processing technologies would be suitable for many
polymers; however, PLA has a special behavior of shear thinning during the manufacturing [5].
PLA is durable and suitable for the short and long-term manufacturing options.

3D printed materials are being widely used nowadays in many industries, such as aircraft,
energy, automotive, defense, electronics, medical and pharmaceutical. According to Kampker et
al., 2015 using PolyJEt 3D printing in e-mobility interior and exterior components reduced the
production costs considerably. The technical report summarizes that this technology does offer
many advantages compared to conventional tools and technologies. Also, the initial production
of molding tools are very costly and time consuming process. By 3D printing, its help save time
and reduce the cost of making prototypes in light weight manner [6].

According to Zhang and Miyamoto, 2014, there have been increasing demands on nanoscale
satellite launch systems, so it is stated that 3D printing process can offer a practical solution to
this increasing demand [7]. 3D printed materials can also be used to develop new sets of Unman
Aerial Vehicles (UAV) for different applications. Banfield, et al., 2016 studied the infill density,
pattern, and orientation on the structural properties of 3D printed airframe components. 3D
printing enables complex geometry replication and rapid fabrication which allowed them to
produce an airplane part within 24 hours. The study concluded that the infill density had the
greatest impact on strength of the 3D printed airplane for a stable and consistent flight [8].

A study by Tymrak et al., 2014 was performed to investigate the mechanical properties of
components fabricated via open-source 3D printer systems under realistic environmental
conditions [9]. This study quantifies the basic tensile strength and elastic modulus of printed
components using realistic environmental conditions for standard users. The study reports some
mechanical properties, such as tensile strength and the modulus of elasticity of the ABS and PLA
printed parts. The test results indicated that the parts printed with tuned, low-cost, open-source
RepRap 3D printers could be considered as mechanically functional in tensile applications.

Zhang et al., 2013 conducted a research on developing a new process for PLA composting. PLA
can replace some of the petroleum-based plastics because of its comparable cost and properties
[10]. The authors assessed the effectiveness of UV light on the degradation of the PLA. The PLA
samples were exposed to UVC light for 30, 60, and 90 minutes. The amount of PLA degradation
was measured by mass loss as well as molecular weight analyses. Based on the experimental
results, UV light significantly shortens the time of PLA degradation in comparison to the current
process of hydrolysis. The authors stated that their new process for PLA composting would
significantly shorten the existing process time from days to hours. This three-step new process
involves mechanical chopping, UV treatment and disposal in a compost facility.
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3D printing is considered to be beneficial to print food for space missions. According to
Terfansky et al., 2013 [11], there has been ongoing research to develop proper foods for
astronauts. Using a 3D printer to print food and food containers, one can make the food more
attractive and satisfying for the human senses and promote happiness that will maintain
nutritional balance. Based on the study of Barsotti and Straub, 2017, producing parts with 3D
printer is very convenient, so this technology can be used for in-space applications [12]. The in-
space 3D printer will be able to print spacecraft components, structures, and potentially in the
longer term, the whole spacecraft. Companies such as “Made in Space” (MIS) have recently sent
a 3D printer to the International Space Station (ISS) that can successfully print tools for use
onboard of the ISS. However, this technology is developing, and much work need to be done
both in the hardware and software sides of the systems.

3D printing process can be implemented in bone tissue engineering in accordance with Bose et
al., 2013 [13]. With the advent of additive manufacturing bone tissue engineering is advancing
rapidly with new technologies. Among the different other technology options, 3D printing is
becoming popular due to the ability to directly print porous scaffolds with designed shape,
controlled chemistry, and interconnected porosity. Some of these inorganic scaffolds are
biodegradable or biocompatible and have proven for bone tissue engineering. The ability to
locally print almost any designable object would have strong consequences across the modern
society [14].

2. Experiment
2.1 Materials

Polylactic acid (PLA) filaments were provided by the 3D printing company and used without any
further modifications for the 3D printing process.

2.2 Methods

Using the CATIA model, a dog-bone shape was drawn for the 3D printing following the
dimensions of the ASTM D638 TYPE I specifications. Figure 1a shows the schematic view of
tensile test specimen. PLA filament was placed into the 3D printer unit (MakerBot;
https://www.makerbot.com), and bog-bone shape PLA specimens were printed. To carry out all
the tests, 40 dog-bone specimens were printed using the MakerBot device. Prior to the tensile
testing, the prepared samples were immersed into DI water and kerosene for 0, 5, 10 and 20
days. The same 3D printed samples were also exposed to the UV light (UVA-340 lamp) for 0, 5,
10 and 20 days. The UVA-340 provides the best possible simulation of sunlight in the critical
short wavelength region between 365 nm and 295 nm. The highest peak emission is at 340 nm,
which is very destructive to the polymeric materials. Figure 1b shows the tensile test unit (MTS
Criterion model 45) employed in these studies. In addition to the mechanical tests, water contact
angle tests were conducted on the specimens before and after the UV exposure tests. For each
test, at least three samples were tested and the test results were averaged. The PLA samples were
used by the engineering students during the tests to determine property changes of the 3D printed
materials.
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Figure 1: a) The schematic view of tensile test specimen based on ASTM D638 TYPE I, and b)
MTS Criterion model 45 for tensile tests. All dimensions are in mm.

3. Results and Discussion

Figure 2 shows the ultimate tensile stresses of the 3D printed PLA samples immersed into DI
water for 0, 5, 10, and 20 days. At 0, 5, 10 and 20 days of DI water immersions, average ultimate
tensile stress values of the 3D printed PLA samples are 25.0, 14.5, 14.2 and 13.5 MPa,
respectively. Most of the degradation in water takes place within the first 5" days, and then it
mainly leveled off. Similar observations were seen in other studies (15, ra5). The reason behind
this behavior is that when the polymeric materials absorbs the water molecules in its structure,
polymers get soften and lose the stiffness and strengths.

Peak stress varying with number of Days (Water)
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Figure 2: The ultimate tensile stresses of the 3D printed PLA samples immersed into DI water
for 0, 5, 10, and 20 days.

Figure 3 shows the ultimate tensile stresses of the 3D printed PLA samples immersed into
kerosene as a function of time. The tensile test studies indicated that the average ultimate tensile
strengths of the PLA samples are 25.0, 7.2, 7.1, 6.5 and 6.2 MPa, correspondingly. As can be
seen, the ultimate tensile strengths of the kerosene soaked samples drastically reduce the

© American Society for Engineering Education, 2017



2017 ASEE Midwest Section Conference
(Oklahoma State University-Stillwater, OK)

mechanical properties of the PLA samples. When compared to the water immersed samples, the
samples immersed into kerosene got more distractive damages. This may be because of the fact
that the kerosene molecules can easily get into the PLA structure, and substantially reduce the
mechanical strengths.

Peak Stress varying with number of days (Kerosene)
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Figure 3: The ultimate tensile stresses of the 3D printed PLA samples immersed into kerosene
for 0, 5, 10, and 20 days.
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Figure 4: The water contact angle values of the 3D printed PLA samples exposed to the UV
light for 0, 5, 10, and 20 days in a UV chamber.

Figure 4 shows the water contact angle values of the 3D printed PLA samples exposed to the UV
light for 0, 5, 10, and 20 days in a UV chamber. Average water contact angle values of the
samples at 0, 5, 10 and 20 days of exposures are 80.1, 72.0, 63.4, and 58.4°, respectively.
Increasing the UV exposure on the surfaces of 3D printed samples considerably reduce the water
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contact angle values. UV light has mainly rays and photons. The rays of UV light likely break
the polymeric chains of the PLA, while photons donate their energy to the broken chains to
cross-link or oxidize them further. In both cases, the polymers lose their strengths substantially
[16].

Figure 5 shows the ultimate tensile stresses of the 3D printed PLA samples exposed to the UV
light for 0, 5, 10 and 20 days. The ultimate tensile strengths of UV exposed samples are 26.5,
18.3,15.2, 14.8 and 14.7 MPa for 0, 5, 10 and 20 days UV light. These test results are closely in
agreements of the water contact angles. High UV exposures on the surfaces changed the
chemical structures of the PLA samples and drastically reduced the mechanical properties. These
data may be useful for designing the new sets of 3D printed parts for different industries [10].

Peak Stress Varying with number of days (UV)

Number of days

Figure 5: he ultimate tensile stresses of the 3D printed PLA samples exposed to the UV light for
0, 5, 10 and 20 days.

4. Hands-on Experiences for Engineering BS Students

The 3D printing enables engineers to reduce the time of manufacturing complex objects, and also
provide more time to design specific materials for different industrial applications. Because of
the various advantages compared to the other conventional technologies, 3D printing
technologies have been growing faster. Collage of Engineering at WSU has over 2500
undergraduate students and a big portion of them are considering hands-on engineering
experiences during their studies. Mr. Neville Tay and Mr. Xiu Jie Low, two of the BS students in
the Department of Aerospace Engineering, were involved in the present study, learned many new
techniques and gained a lot of new skills and knowledge about 3D printing, biodegradability,
environmental effects on polymeric structures, their mechanical properties, and other related
technologies and techniques. These students have used these research activities as their own
Engineer of 2020 requirements in the College of Engineering at WSU. Both of them are also co-
authors of the present study and made a lot of contributions during the experiments [17-21]. We
believe that the hands-on research experiences can enhance the knowledge of many BS
engineering students to perform more detail studies in the future.
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5. Conclusions

3D printed PLA samples were immersed into DI water and kerosene, and also exposed to UV
light for 0, 5, 10 and 20 days in order to find out the changes in the mechanical and surfaces
properties of these samples. Specimens that were immersed into water and kerosene lost most of
their strengths within five days. Effects of kerosene is more detrimental than the DI water on 3D
printed objects. The UV exposure studies indicated that the PLA samples were sensitive to the
UV light as well because water contact angle was reduced to 58.4 from 80.1° after 20 days of
UV light exposure. The reduction in water contact angle is closely related to the reduction in the
mechanical strengths. Two of the engineering students, also authors of this study, designed,
developed and performed these tests on the 3D printed specimens. The BS students have used
these research activities for their Engineer of 2020 requirements. Overall, these studies greatly
benefit undergraduate engineering students for their future academic studies in different
institutions.
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