Mechanics of Advanced and Smart Materials Journal 4(2) (2024) 189-206

Mechanics of Advanced and Smart

Ll\/l A-S-M—| Materials Journal

http://masm.araku.ac.ir rak

Mochanr o Advancad and S Aldcnal bomal L.niverddy

ISSN: 2783-4220

Investigations of the Mechanical Properties of DLP 3D Printed
Graphene/Poly-Amide Composites in different printing directions

Yasman Moghaddas Zadeh 2, Mohammad Velashjerdi2*, Meysam Soleymani b

a Department Materials science and engineering, Arak university, Arak, 38156-8-8349, Iran.
b Department Chemical engineering, Arak University, Arak, 38156-8-8349, Iran.

Original Article

Use your device to scan
and read the article online

Citation: Moghaddas Zadeh Y, Velashjerdi M, Soleymani M. Investigations of the Mechanical
Properties of DLP 3D Printed Graphene/Poly-Amide Composites in different printing
directions. Mechanics of Advanced and Smart Materials. 2024;4(2):189-206

d https://10.61186/masm.4.2.189.

KEYWORDS ABSTRACT

Additive Manufacturing, In this research, the effect of addition of different percentages of graphene oxide to the polyamide
Graphene Oxide, base resin and the effect of different printing directions on the mechanical properties of 3D printed
Digital Light Processing. samples were investigated. At first, 0.3% and 0.7% of graphene oxide nanoparticles were mixed

with resin via strring and ultrasonic bath. Pure and composite polymer samples with different
percentages of graphene oxide were printed by stereolithography (digital light processing) in three
directions. The mechanical properties of the samples were evaluated using tensile, impact and
hardness tests. scanning electron microscope (SEM) was used to check the fracture surfaces of the
samples. The results of the mechanical properties tests indicate a decrease in strength with the
addition of graphene oxide nanoparticles. With increasing the graphene oxide nanoparticles, the
strength of the parts decreased by 30%. On the other hand, there was a 12% difference in tensile
strength in pure polymer samples, which reached 17% with the addition of nanoparticles.
Microscopic investigations showed the formation of clusters of graphene oxide nanoparticles in
the composite samples, which led to stress concentration and cracking. The printing direction has
a significant effect on the mechanical properties of the printed samples. Among the pure polymer
samples although samples printed in the flat direction and among the composite samples, the
nanocomposites printed in the vertical direction showed the best mechanical properties. Adding
graphene oxide nanoparticles to the resin and increasing the percentage of nanoparticles in the
direction of printing on the edge led to a decrease in hardness compared to the pure polymer
sample.

Extended Abstract

1. Introduction

onsidering the increasing progress of the additive printing industry, one of the challenges facing this

industry is increasing the strength of polymer parts and isotropic mechanical properties in these parts.

Among the various methods of additive manufacturing, the digital light processing method, due to its
high precision, economical equipment cost, low consumption, and functional diversity, is one of the methods that
researchers worldwide are paying attention to. One of the most significant challenges in additive manufacturing
of engineering parts, particularly in the DLP method, is the layer-by-layer production. The layer-by-layer nature
of parts leads to non-uniform mechanical properties, especially in terms of yield strength, fracture strength, and
porosity. A significant portion of researcher’s efforts in recent years has been dedicated to achieving uniformity
in the mechanical properties of parts manufactured using this method.
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Despite the efforts made in the field of additive manufacturing equipment, the problem of inconsistency in the
mechanical properties of parts still exists. In recent years, researchers have focused on the fabrication of
composites with various nanomaterials to address this issue. Nanomaterials such as carbon nanotubes, graphene,
graphite, ceramics, and metallic nanoparticles often exhibit unique mechanical, electrical, and thermal properties;
therefore, incorporating nanomaterials into polymers for 3D printing can lead to the development of high-
performance composites [7].

Among the nanomaterials used in this field, graphene oxide obtained through the Hummers process stands out
due to its sheet-like structure, which allows for better adhesion to polymer layers compared to other nanoparticles,
and on the other hand, due to its competitive price, does not lead to a significant increase in raw materials [11].

In a study conducted by Garcia, the effect of printing parameters such as layer thickness and exposure time on
mechanical properties such as elastic modulus, ultimate tensile strength, and ultimate strain using DLP was
investigated. According to the results obtained, decreasing the layer thickness from 50 micrometers to 10
micrometers led to an increase in uniformity and mechanical properties. These researchers also found an
improvement in mechanical behavior by increasing the light exposure time from 1.6 seconds to 2 seconds.

In a similar study by Aznarte, the effect of layer thickness and light exposure time on the mechanical properties
of samples printed with DLP was examined. In this research, various mechanical tests such as tensile testing and
impact testing were conducted on samples that were simultaneously fabricated in three directions. These
researchers achieved an average elastic modulus and maximum stress of 749.0 Gpa and 7.21 Mpa, respectively,
and reported that reducing the thickness and increasing the exposure time.

Tsang et al. [15] shows that by adding graphene oxide to flexible commercial photopolymer resins,
GOl/elastomer nanocomposites could be produced through the digital light processing method. Results revealed
that by adding up to 2.0 weight percent graphene oxide, the Young's modulus of the nanocomposites decreases;
however, with further increase in graphene oxide content to 0.3 weight percent, the Young's modulus of the
nanocomposites increases [15].

2. Materials and methods

To produce sample, the KAVOSH CERAM device from Kavosh Laser Company was utilized. This device,
with a wavelength of 405 nanometers, features a single-beam projector from TEXAS INSTRUMENTS and the
vertical axis of the device is capable of displacement with an accuracy of 10 micrometers. Inside the resin chamber,
there is a mixer rotating at 100 RPM, which turns on for 10 seconds before the light is turned on to prevent graphene
particles from settling.

The resin used in this research is a commercial black polyamide-based resin. GO was added to the resin in
weight percentages of 0.3%, and 0.7%. In order to achieve the maximum properties of the composite, graphene
oxide must have very good dispersion in the resin. The resins were thoroughly mixed with graphene oxide on a
magnetic stirrer at a speed of 240 RPM for one hour, and then for better mixing and homogeneity, ultrasonication
at 20 KHz for 15 minutes was performed. Due to the resin's sensitivity to light, all stages of mixing graphene oxide
with resin and weighing were carried out in a darkroom. Prior to fabrication, the samples were adequately shaken
and placed in an ultrasonic bath for 30 minutes.

3. Result and discussion

Based on the result it seems that the layered particles of graphene oxide in the resin acted as a barrier against
ultraviolet light, by adding graphene oxide to the resin and increasing the percentage of graphene oxide, the
absorption of light decreased, and then the photopolymerization and curing depth also decreased, which led to the
lack of good adhesion between layers. As a result, the tensile strength is also reduced. On the other hand, despite
the good dispersion of graphene oxide nanoparticles in the resin, due to the tendency of graphene oxide to
accumulate, there was a possibility of light deflection and local stress concentration in the sample, which can be
an obstacle to good adhesion between layers and a reason for reducing the tensile strength and ultimately premature
failure of the samples. By adding graphene as a reinforcement to the resin and printing graphene nanocomposites,
they succeeded in improving the mechanical properties of polymer nanocomposites. Considering the correctness
of the results of each researcher, the reason for the discrepancy in the results is probably due to the very good
dispersion of graphene oxide nanoparticles and their non-aggregation. Although, due to the absence of oxygen
groups on the surface, graphene interacts less with the polymer than oxide graphene and has a greater tendency to
accumulate; But these researchers succeeded in reducing the areas of stress concentration, light absorption and
proper polymerization by creating a very good dispersion of graphene nanoparticles in the polymer matrix and no

Mechanics of Advanced and Smart Materials Journal 4(2) (2024) 189-206



191  Yasman Moghaddas Zadeh, Mohammad Velashjerdi, Meysam Soleymani

accumulation of graphene nanoparticles, and finally good adhesion between the layers. As a result, the mechanical
properties are increased. By adding graphene oxide to the samples, the results of the stress-strain graphs were very
close to each other. This indicates the improvement of the isotropic properties despite the reduction of the overall
strength of the samples.

Figure 1. FE-SEM images of the fracture surfaces of printed samples in flat direction: (a) and (b) pure polymer, (c) and (d)
nanocomposite polymer-0.3% graphene oxide, (f) and (g) nanocomposite polymer- 0.7% graphene oxide.

4, conclusion

In this research, the effect of adding different percentages of graphene oxide to polyamide resin and the effect
of different printing directions on the mechanical properties of 3D printed samples were investigated. At first,
0.3% and 0.7% of graphene oxide nanoparticles were mixed in the matrix. Pure and composite polymer samples
with different percentages of graphene oxide were printed by stereolithography (digital light processing) in three
directions. Each of the parts was made simultaneously in three perpendicular directions.

The mechanical properties of the samples were evaluated using tensile, impact and hardness tests. Scanning
electron microscope was used to check the fracture surfaces of the samples. The results of the mechanical
properties tests indicate a decrease in strength with the addition of graphene oxide nanoparticles. With the increase
of graphene oxide nanoparticles, the strength of the parts decreased by 30%. On the other hand, there was a 12%
difference in tensile strength in pure polymer samples, which reached 17% with the addition of nanoparticles.

Microscopic investigations showed the formation of clusters of graphene oxide nanoparticles in the composite
samples, which led to stress concentration and cracking. Also, the weak adhesion of graphene oxide nanoparticles
with the polymer matrix was clearly visible in the microscopic images, which led to easier crack propagation and
finally reduced the strength and toughness of the composite samples compared to the pure polymer samples. The
results of the mechanical properties showed that adding graphene oxide nanoparticles to the resin and increasing
the percentage of nanoparticles, in addition to reducing the strength and toughness, also leads to a decrease in
impact resistance.

The results of this research showed that the printing direction has a significant effect on the mechanical
properties of the printed samples. Among the pure polymer samples, the sample printed in the flat direction and
among the composite samples, the nanocomposites printed in the vertical direction showed the best mechanical
properties. Adding graphene oxide nanoparticles to the resin and increasing the percentage of nanoparticles in the
direction of printing on the edge led to a decrease in hardness compared to the pure polymer sample. On the other
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hand, in the direction of flat printing by adding 0.3% of graphene oxide nanoparticles and in the direction of
vertical printing by adding 0.7% of graphene oxide nanoparticles, a higher hardness can be achieved than the pure
polymer sample. In this study, it was shown that with the addition of nanoparticles, although the mechanical
properties have decreased, but the anisotropy of these properties has increased significantly by adding different
percentages.
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