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A B S T R A C T 

 

The rapid advancement of 3D printing technology has enabled the production  of complex and customized parts 

across various industries. Acrylonitrile  materials utilized in 3D printing, Butadiene Styrene (ABS), graphene, and 

have garnered significant graphene oxide attention   to their unique properties and potential applications. This 

review   examines the influence of 3D printing and parameters on the mechanical properties of these materials. Key 

parameters such print speed, layer height, density, nozzle temperature, and bed   temp explored to understand their 

impact on tensile strength, impact. Form  ABS, optimized parameters enhance layer adhesion and reduce defects, 

resulting in improved mechanical properties. The incorporation of   graphene and graphene oxide into 3D printing 

filaments demonstrates significant enhancements in tensile strength and stiffness, though optimization of 

dispersion and printing conditions is critical. A comparative analysis highlights the advantage and limitations of each 

material, emphasizing the need for tailored parameter settings to maximize performance. The review so discusses 

emerging   trends and future research directions, the   underscoring the potential of graphene based materials in 

advanced 3D the  printing applications. The findings of this review    provide valuable insights for researchers and 

practitioners aiming to optimize 3D printing processes and material performance. 
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1. Introduction 

3D printing, also known as additive 

manufacturing, has revolutionized the 

manufacturing landscape by allowing for the 

creation of complex, customized parts directly 

from digital models. This technology builds 

objects layer by layer, offering unparalleled 
design flexibility, material efficiency, and the 

ability to produce parts with intricate 

geometries that would be challenging or 

impossible to achieve with traditional 

manufacturing methods. Among the myriad 

materials employed in 3D printing, 

Acrylonitrile Butadiene Styrene (ABS), 

graphene, and graphene oxide stand out due to 

their distinctive properties and wide-ranging 

applications. ABS, a thermoplastic polymer, is 

widely favored for its strength, durability, and 

ease of processing, making it a staple in 

industries such as automotive, consumer 

goods, and toys. Graphene, a single layer of 

carbon atoms arranged in a hexagonal lattice, 

boasts extraordinary mechanical, electrical, 

and thermal properties, positioning it as a 

material of great interest for advanced 

technological applications. Graphene oxide, an 

oxidized form of graphene, retains many of 

graphene's remarkable properties while being 

more readily dispersible in various solvents, 

facilitating its use in composite materials and 

expanding its applicability in 3D printing. The 

mechanical properties of 3D printed parts are 

heavily influenced by the printing parameters 

used during the fabrication process. Key 

parameters include print speed, layer height, 

infill density, nozzle temperature, and bed 

temperature. Each of these parameters can 

significantly affect the quality, strength, and 

overall performance of the printed objects. For 

instance, print speed can influence layer 

adhesion and surface finish, while layer height 

affects resolution and mechanical strength. 

Infill density determines the internal structure 

and weight of the part, nozzle temperature 

controls the flow and bonding of the material, 

and bed temperature ensures proper adhesion 

of the first layer to the build platform, 

preventing warping and other 

defects.Understanding the interplay between 

these printing parameters and the material 

properties is crucial for optimizing the 

performance of 3D printed parts. This review 

aims to provide a comprehensive examination 

of how these parameters affect the mechanical 

properties of ABS, graphene, and graphene 

oxide. By synthesizing findings from various 

studies, this paper seeks to offer insights into 

optimizing 3D printing processes for these 

materials, facilitating their effective use in a 

broad range of applications.In the following 

sections, we will delve into the specifics of 3D 

printing parameters and their influence on the 

mechanical properties of ABS, graphene, and 

graphene oxide. We will also compare the 

performance of these materials under 

different printing conditions and discuss 
future directions for research and applications 

in this rapidly evolving field. Of the many 

production techniques, Additive 

manufacturing  is one of the most favourable 

in the current industry,  

 

Additive manufacturing refers to the general 

manufacturing process - the production of 

objects by adding material - under which 

various production processes such as rapid 

prototyping, rapid tooling or mass 

customization can be subsumed.because it 

reduces the development time of products and 

improves the flexibility for batch size products 
by helping in creating moulds, patterns and 

prototypes. 3D printing especially helps in this 

regard due to the ability to create 3D models 

or prototypes of almost any complex shape 

and size. Furthermore 3D printing has more 

advantages like low costs, fast production of 

samples and almost no waste material. 

Disadvantages, however, are sometimes 

porous products and a stair-stepping effect in 

the x-y plane.[5]  
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1.1 The Printing Process 

3D modeling is the process of creating three-
dimensional representations of an object or 
surface. 3D models are made using 
computerized 3D modeling software. The 
manual modeling process of preparing 
geometric data for 3D computer graphics is 
similar to fine arts such as sculpture. 3D 
scanning is a process of collecting digital data 
about the shape and appearance of a real 
object and creating a digital model based on it. 
3D modeling is a way to create three-
dimensional objects. him can be used in a wide 
range of industries and applications for 
rendering, simulation, animation or 
production. When it comes to 3D printing, the 
3D model is often made via a 3D file that can 
be set to the desired print dimensions. 3D 
models of the scanned object can be produced. 
Manually and automatically creating 3D 
printed models is very difficult for the average 
consumer. This is why many markets have 
emerged in recent years around the world. 
The most popular they are Shape way, 
Thingiverse, My Mini Factory and Threading. 
[29] i. Polygonal modeling: A polygonal model 
represents points in 3D space connected by 
line segments to form a polygonal mesh. 
Polygon mesh files are planar, meaning  they 
are represented by a series of flat faces. 
Therefore, curves can only be approximated 
by  

subdividing the surface with a defined 
resolution. Polygon meshes are convenient 
because they are lightweight and 
visualizations can be rendered quickly. ii. 
Curve modeling: Another type of modeling 
that relies on curves to generate surface 
geometry. The curve model can be either 
parametric (based on geometric and 
functional relationships) or free, and is based 
on NURBS (non-uniform rational B lines) to 
describe surface shapes. The curves are driven 
by mathematical equations that are influenced 
by the designer using weighted control points. 
C iii. Digital Sculpture: This is a relatively new 
type of 3D model in which the user interacts 
with the digital model as he would with 

modeling clay. Users can push, pull, grab or 
twist the virtual clay to generate their model. 
iv. Code-driven modeling: This is a growing 
area of modeling in which geometry is 
generated autonomously based on conditions 
set by the designer. This type of modeling is 
great for 3D printing because it can be used to 
generate 3D structures that cannot be 
produced with other means. B. Prints The 3D 
printer reads the G code instructions and 
starts the printing process. There are many 
different types of 3D printing technology, 
including fused deposition modeling (FDM), 
stereolithography (SLA), selective laser 
sintering (SLS), and others. Each technology 
has its own specific process, but in general it 
includes the following steps: 

 ●  Material preparation: The nozzle or the 
construction platform of the 3D printer is 
prepared with the selected material. This 
material can be plastic, metal, resin, ceramic, 
or even biological material, depending on the 
technology and application of the printer. 

 ●  Layer by layer printing: The printer starts 
to create the deposited object or solidify the 
material layer by layer according to the 
instructions given by the cutting software. 
Each layer is typically very thin, ranging from 
fractions of a millimeter to several 
millimeters, depending on the printer and the 
level of detail desired. 

 

2. Literature Survey 

ABS is one of the most used thermoplastics in 
3D printing due to its excellent mechanical 
properties, accessibility and ease of printing. 
Many studies have examined the influence of 
different 3D printing parameters on the 
mechanical properties of ABS. graphene oxide 
and carbon nanotubes to polymer-based 
materials can improve their strength, 
toughness, and overall mechanical 
performance when used in FDM 3D printing. 
These materials are known for their 
exceptional mechanical properties, including 
high strength, electrical conductivity, and 
thermal stability. the polymer matrix 
significantly improves the mechanical 
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properties of the 3D-printed composites 
compared to traditional polymer-based 
material. This is attributed to the increased 
contact area between the layers, which leads 
to a stronger bond. Conversely, higher layer 
heights result in faster print times, but 
compromise mechanical integrity. Filling 
density smoke etc. (2014) evaluated the 
influence of yarn density on the mechanical 
properties of 3D printed ABS. Higher fill 
densities have been found to significantly 
improve tensile strength and stiffness, 
although they also increase the weight and 
material use of the molded parts. The 
temperature of the mouth and the bed 
Research by Lanzotti et al. (2015) highlight the 
importance of die and bed temperature in ABS 
printing. Optimal die (220-250°C) and bed 
(90-110°C) temperatures have been shown to 
minimize distortion and improve coating 
adhesion, resulting in better mechanical 
properties. 

Graphene 

Graphene, with its extraordinary mechanical, 
electrical, and thermal properties, has been 
the subject of extensive research in the context 
of 3D printing. The challenge lies in effectively 
incorporating graphene into printable 
filaments and optimizing printing parameters 
to fully exploit its properties. 

Dispersion and Distribution 

A study by Pham et al. (2018) investigated the 
dispersion of graphene within polymer 
matrices. Effective dispersion is critical for 
maximizing the mechanical benefits of 
graphene. The study concluded that 
mechanical stirring and sonication techniques 
can improve dispersion, leading to enhanced 
tensile strength and modulus. 

Printing Parameters 

Research by Zhang et al. (2019) examined the 
effect of printing parameters on graphene-
enhanced filaments. The study found that 

optimal nozzle temperatures (230-260°C) and 
moderate print speeds (40-60 mm/s) are 
crucial for achieving uniform layer deposition 
and strong interlayer bonding, resulting in 
improved mechanical properties. 

Graphene Oxide 

Graphene oxide (GO) retains many of the 
desirable properties of graphene while being 
more easily processable. Its use in 3D printing, 
particularly in composite form, has shown 
promising results in enhancing mechanical 
properties. 

Composite Filaments 

A study by Guo et al. (2018) explored the 
fabrication and mechanical properties of 
graphene oxide-polymer composite filaments. 
The incorporation of GO significantly 
improved the tensile strength and Young's 
modulus of the printed parts. The study 
emphasized the importance of achieving a 
homogeneous distribution of GO within the 
polymer matrix. 

Printing Parameters 

Xu et al. (2020) investigated the influence of 
printing parameters on the mechanical 
properties of GO composites. The findings 
indicate that optimal nozzle temperatures 
(220-240°C) and layer heights (0.1-0.2 mm) 
enhance the mechanical performance of GO-
printed parts. Additionally, higher infill 
densities contribute to greater stiffness and 
strength. 

Comparative Analysis 

A comprehensive comparative analysis by Kim 
et al. (2021) provided insights into the 
mechanical properties of ABS, graphene, and 
graphene oxide under varying 3D printing 
parameters. The study concluded that while 
graphene and GO composites offer superior 
tensile strength and stiffness compared to 
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ABS, the latter remains advantageous due to 
its ease of processing and cost-effectiveness. 

Study 1: Impact of Layer Height on 
Tensile Strength and Surface 
Roughness 

Findings: Layer height significantly affects 
tensile strength and surface finish. A smaller 
layer height improves tensile strength due to 
better interlayer adhesion. 

Study 2: Effect of Infill Density on 
Mechanical Properties 

Findings: Higher infill densities lead to 
improved mechanical properties, such as 
increased tensile and flexural strength. 

Study 3: Influence of Printing Speed on 
Mechanical Properties 

Findings: Printing speed affects the bonding 
quality between layers. Lower speeds improve 
strength but increase print time. 

Study 4: Nozzle Temperature's Role in Part 
Strength 

Findings: Higher nozzle temperatures 
enhance the bonding between layers, resulting 
in stronger parts. 

Study 5: Orientation and its Effect on 
Mechanical Properties 

Findings: Part orientation during printing 
affects the mechanical properties, with the z-
axis orientation typically showing the weakest 
mechanical performance. 

Study 6: Effect of Graphene Content on 
Composite Strength 

Findings: Incorporating graphene into 
polymers enhances mechanical properties like 
tensile and flexural strength due to graphene’s 
superior mechanical properties. 

Study 7: Layer-by-Layer Printing and 
Mechanical Integrity 

Findings: Layer-by-layer printing of 
graphene-enhanced composites improves the 
alignment of graphene within the matrix, 
leading to enhanced mechanical properties. 

Study 8: Influence of Printing Parameters 
on Electrical Conductivity and Strength 

Findings: Parameters such as layer thickness 
and print speed influence both the mechanical 
strength and electrical conductivity of 
graphene-based composites. 

Study 9: Thermal Post-Processing Effects 
on Graphene Composites 

Findings: Thermal post-processing can 
further improve the mechanical properties by 
enhancing the bonding between graphene and 
the polymer matrix. 

Study 10: Synergistic Effects of Graphene 
with ABS 

Findings: Combining graphene with ABS 
improves the mechanical properties, with 
optimal graphene content leading to 
significant improvements in tensile strength. 

Study 11: Effect of Oxygen Functional 
Groups on Mechanical Properties 

Findings: The presence of oxygen functional 
groups in graphene oxide affects the 
mechanical properties, with higher oxygen 
content generally reducing tensile strength. 

Study 12: Printing Temperature’s Impact 
on Graphene Oxide Composites 

Findings: Optimal printing temperatures are 
crucial for achieving good mechanical 
properties in graphene oxide composites. 

Study 13: Infill Density and Its Role in 
Structural Integrity 



UtilitasMathematica 

ISSN 0315-3681 Volume 122, 2025  

353 

Findings: Similar to ABS, higher infill 
densities improve the mechanical properties 
of graphene oxide composites. 

Study 14: Mechanical Reinforcement 
through Hybrid Composites 

Findings: Combining graphene oxide with 
other nanomaterials, such as carbon 
nanotubes, results in composites with 
superior mechanical properties. 

Study 15: Effect of Print Orientation on 
Fracture Toughness 

Findings: Print orientation has a significant 
impact on the fracture toughness of graphene 
oxide composites, with certain orientations 
leading to improved toughness. 

Study 16: Comparative Analysis of ABS and 
Graphene Composites 

Findings: Graphene composites generally 
exhibit superior mechanical properties 
compared to pure ABS, particularly in tensile 
strength and modulus. 

Study 17: Comparative Study of Graphene 
and Graphene Oxide Composites 

Findings: Graphene composites tend to have 
better mechanical properties compared to 
graphene oxide composites due to the absence 
of oxygen functional groups that weaken the 
material. 

Study 18: Impact of Print Speed on ABS, 
Graphene, and Graphene Oxide 

Findings: While print speed affects all 
materials, graphene-enhanced composites are 
more sensitive to changes in speed, especially 
regarding tensile strength. 

Study 19: Nozzle Temperature Effects 
Across Different Materials 

Findings: Optimal nozzle temperatures vary 
across materials but generally higher 
temperatures benefit both ABS and graphene 
composites by improving layer adhesion. 

Study 20: Effect of Post-Processing on 
Mechanical Properties 

Findings: Post-processing techniques such as 
annealing improve the mechanical properties 
of all three materials, with graphene 
composites showing the most significant 
improvements. 

Summary: The mechanical properties of 3D-
printed parts are significantly influenced by 
3D printing parameters. While ABS has well-
studied parameter-property relationships, the 
addition of graphene or graphene oxide can 
drastically enhance the mechanical 
performance, though optimal printing 
conditions must be carefully controlled. 

 Research Gaps: There is still a need for 
standardized testing and more extensive 
studies on the long-term durability and 
performance of graphene and graphene oxide 
composites under various environmental 
conditions. The effects of various additives 
(e.g., plasticizers, compatibilizers) and 
additional reinforcements (e.g., fibers) on the 
mechanical properties of 3D-printed graphene 
and graphene oxide composites have not been 
extensively studied.  Researching how 
different additives and reinforcements 
interact with graphene and graphene oxide in 
the polymer matrix could lead to the 
development of composites with tailored 
properties for specific applications. 

There is limited research on the 
environmental impact and sustainability of 
producing and using 3D-printed graphene and 
graphene oxide composites, including the 
recyclability and biodegradability of these 
materials. Investigating the life cycle, 
environmental impact, and potential recycling 
strategies for these composites would 
contribute to the development of more 
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sustainable materials and manufacturing 
processes. 

By addressing these research gaps, future 
studies can advance the understanding and 
application of 3D-printed ABS, graphene, and 
graphene oxide composites, leading to 
improved materials for a wide range of 
industrial and technological applications. 
While the impact of individual 3D printing 
parameters such as layer thickness, infill 
density, and print speed on mechanical 
properties is well-documented, there is 
limited research on the synergistic effects of 
these parameters when combined. The 
interplay between multiple parameters and 
their combined impact on mechanical 
performance needs further exploration. Post-
processing methods such as annealing, 
chemical treatments, or UV curing are known 
to influence the mechanical properties of 3D-
printed parts. However, the specific effects of 
these treatments on ABS, graphene, and 
graphene oxide composites, especially in 
relation to 3D printing parameters, are 
underexplored. Most studies focus on the 
immediate mechanical properties of 3D-
printed parts, with little attention given to the 
long-term behavior of these materials under 
various environmental conditions, such as 
prolonged exposure to heat, moisture, or 
mechanical stress. Long-term studies 
examining the aging, fatigue, and wear 
resistance of ABS, graphene, and graphene 
oxide composites are necessary to assess their 
suitability for practical applications. 
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Fig1-Stereo lithography process[3.i] 

B. Fused Deposition Melting 

 

 

 

 

 

 

Fig 2.  Schematic of FDM 3D printer.[3] 

Table 1 Summary of 3D printing Process [7] 
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In the FDM method, a continuous filament of a 
thermoplastic polymer is used to 3D print 
layers of materials.  The filament is heated at 
the nozzle to reach a semi-liquid state and 
then extruded on the platform or on top of 
previously printed layers. The 
thermoplasticity of the polymer filament is an 
essential property for this method, which 
allows the filaments to fuse together during 
printing and then to solidify at room 
temperature after printing. The layer 
thickness, width and orientation of filaments 
and air gap (in the same layer or between 
layers) are the main processing parameters 
that affect the mechanical properties of 
printed parts[8]. 

3. 3D PRINTER MATERIAL 

 

 

 

 

 

Fig 3.Flow chart of the experimental setup for 

the ABS-printed samples.[01] 

 

A. Acrylonitrile Butadiene Styrene [ABS] 

Technical Specifications 

Material Properties of Acrylonitrile Butadiene 

Styrene [ABS 

B. Poly Lactic Acid [PLA] 

Technical Specifications 

 Material Properties 

C. High Impact Polystyrene [HIPS] 

Technical Specifications 

 Material Properties 

4. Research Methodology 

4.1 Experimental Design 

1. Objective: To experimentally 
determine the impact of various 3D 
printing parameters on the 
mechanical properties of ABS, 
graphene, and graphene oxide 
samples. 

2. Materials: ABS filament, graphene-
enhanced filament, and graphene 
oxide composite filament. 

3. 3D Printer: Fused Deposition 
Modeling (FDM) 3D printer. 

4. Test Specimens: Standardized test 
specimens (e.g., dog-bone samples for 
tensile testing) will be printed using 
the selected materials. 

4.2 Parameter Variation 

1. Print Speed: Varying print speeds (20 
mm/s, 40 mm/s, 60 mm/s, 80 mm/s). 

2. Layer Height: Different layer heights 
(0.1 mm, 0.2 mm, 0.3 mm). 

3. Infill Density: Range of infill densities 
(20%, 40%, 60%, 80%, 100%). 

4. Nozzle Temperature: Varying 
temperatures appropriate for each 
material (ABS: 220-250°C, Graphene: 
230-260°C, Graphene Oxide: 220-
240°C). 

5. Bed Temperature: Fixed at optimal 
temperatures for each material to 
ensure proper adhesion (ABS: 90-
110°C, Graphene and Graphene Oxide 
composites: as recommended by 
manufacturer). 

4.3 Mechanical Testing 

1. Tensile Testing: Using a universal 
testing machine to determine the 
tensile strength, Young's modulus, and 
elongation at break. 

2. Flexural Testing: Measuring flexural 
strength and modulus using a three-
point bending test setup. 
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3. Impact Testing: Determining the 
impact resistance using a Charpy or 
Izod impact tester. 

4. Microstructural Analysis: Scanning 
Electron Microscopy (SEM) to analyze 
the fracture surfaces and interlayer 
bonding. 

4.4 Data Analysis 

1. Statistical Analysis: Using statistical 
methods (ANOVA, t-tests) to 
determine the significance of the 
effects of printing parameters on 
mechanical properties. 

2. Comparison: Comparing the 
mechanical properties of ABS, 
graphene, and graphene oxide 
samples to identify trends and 
correlations. 

3. Optimization: Identifying optimal 
printing parameters for each material 
to achieve the best mechanical 
performance. 

4. Graphical Representation: 
Visualizing the data using graphs and 
charts to illustrate the relationship 
between printing parameters and 
mechanical properties. 

4.5 Method Validation 

1. Repeatability: Conducting multiple 
trials for each set of parameters to 
ensure repeatability and reliability of 
the results. 

2. Cross-Validation: Comparing 
experimental results with findings 
from the literature review to validate 
the methodology and outcomes. 

3. Error Analysis: Assessing potential 
sources of error and their impact on 
the results, and implementing 
corrective measures to minimize these 
errors. 

4.6 Reporting 

1. Documentation: Comprehensive 
documentation of the experimental 
setup, procedures, results, and 
analysis. 

2. Interpretation: Interpreting the 
findings in the context of the literature 
and theoretical background. 

3. Recommendations: Providing 
recommendations for future research 
and practical applications based on the 
experimental outcomes. 

5. ADVANTAGES 

 

1. Ease of Printing: ABS is one of the 
most user-friendly materials for 3D 
printing. It has good flow properties 
and is relatively forgiving with print 
settings, making it suitable for both 
beginners and experienced users. 

2. Strength and Durability: ABS is 
known for its high impact resistance 
and toughness. It can withstand 
considerable stress and strain, making 
it ideal for functional prototypes and 
end-use parts. 

3. Cost-Effectiveness: ABS is generally 
affordable and widely available, 
making it a cost-effective choice for 
various applications, from prototyping 
to production. 

4. Post-Processing Capabilities: ABS 
can be easily post-processed through 
sanding, painting, and gluing. It also 
responds well to acetone vapor 
smoothing, which can enhance surface 
finish by reducing layer lines. 

5. Heat Resistance: ABS has a higher 
melting point compared to many other 
3D printing materials, providing better 
thermal stability and making it 
suitable for applications exposed to 
higher temperatures. 
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 Graphene 

1. Exceptional Mechanical Properties: 
Graphene is renowned for its 
outstanding tensile strength and 
elasticity. It can significantly enhance 
the mechanical properties of 3D 
printed parts, making them stronger 
and more durable. 

2. Electrical Conductivity: Graphene is 
an excellent conductor of electricity. 
This property opens up possibilities 
for printing functional electronic 
components, sensors, and conductive 
pathways within printed parts. 

3. Thermal Conductivity: Graphene's 
superior thermal conductivity allows 
for efficient heat dissipation, making it 
valuable in applications requiring 
thermal management, such as heat 
sinks and electronic components. 

4. Lightweight: Despite its strength, 
graphene is extremely lightweight. 
This combination of strength and low 
density is particularly beneficial in 
industries such as aerospace and 
automotive, where weight reduction is 
crucial. 

5. Versatility in Composite Materials: 
Graphene can be incorporated into 
various polymer matrices to create 
composite materials. These 
composites can be tailored to specific 
applications, enhancing properties 
such as strength, conductivity, and 
thermal stability. 

5.1 Graphene Oxide 

1. Ease of Dispersion: Graphene oxide is 
more easily dispersed in various 
solvents and polymer matrices 
compared to pure graphene. This 
property facilitates the creation of 
homogeneous composites with 
enhanced mechanical and functional 
properties. 

2. Mechanical Enhancement: Similar to 
graphene, graphene oxide significantly 

improves the tensile strength, 
stiffness, and overall mechanical 
performance of 3D printed parts when 
used as a composite material. 

3. Scalability: The production of 
graphene oxide is more scalable than 
that of pristine graphene, making it 
more practical for large-scale 
applications and commercial use in 3D 
printing. 

4. Functionalization Potential: 
Graphene oxide can be chemically 
modified to introduce various 
functional groups, enhancing its 
compatibility with different polymers 
and enabling the creation of custom 
materials with tailored properties. 

5. Hydrophilicity: Unlike graphene, 
graphene oxide is hydrophilic, making 
it easier to mix with water-based 
solutions. This property can be 
advantageous in certain applications 
where water-based processes are 
preferred. 

Comparative Advantages 

1. Material Diversity: The availability of 
ABS, graphene, and graphene oxide 
offers a broad range of mechanical and 
functional properties, allowing for the 
selection of the most appropriate 
material based on the specific 
requirements of the application. 

2. Customization: The ability to adjust 
3D printing parameters enables the 
fine-tuning of material properties, 
optimizing the performance of printed 
parts for various applications. 

3. Innovation Potential: The 
combination of traditional 
thermoplastics like ABS with advanced 
materials such as graphene and 
graphene oxide paves the way for 
innovative applications in fields 
ranging from consumer products to 
high-tech industries like aerospace 
and electronics. 



UtilitasMathematica 

ISSN 0315-3681 Volume 122, 2025  

358 

4. Improved Performance: By 
leveraging the unique properties of 
graphene and graphene oxide, 3D 
printed parts can achieve enhanced 
mechanical strength, conductivity, and 
thermal stability, outperforming parts 
made from conventional materials. 

5. Sustainability: The development of 
composite materials with graphene 
and graphene oxide can lead to more 
efficient use of resources and 
improved material properties, 
contributing to more sustainable 
manufacturing practices. 

6.DISADVANTAGES 

Warping and Shrinkage: ABS is 
prone to warping and shrinkage during the 
cooling process, especially in large prints. This 
can result in deformed parts and poor 
dimensional accuracy. 

 Odor and Fumes: When heated, ABS 
emits unpleasant fumes and odors. These 
emissions can be harmful if inhaled over long 
periods, necessitating proper ventilation or 
the use of enclosed 3D printers with filtration 
systems. 

Bed Adhesion Issues: Achieving good 
bed adhesion with ABS can be challenging. 
Without a heated bed or adhesive aids (like 
glue sticks or tapes), the first layer might not 
stick well, leading to print failures. 

 Environmental Concerns: ABS is not 
biodegradable and poses environmental 
concerns if not disposed of properly. Its 
production and disposal can contribute to 
plastic pollution. 

7. APPLICATIONS 

Automotive Industry: ABS is widely 
used for producing various automotive parts 
such as dashboards, instrument panels, wheel 
covers, and mirror housings due to its impact 
resistance and durability. 

Consumer Goods: ABS is common in 
the manufacturing of household items, toys 
(e.g., LEGO bricks), and electronic enclosures. 
Its ease of processing and finishing makes it 
ideal for consumer products. 

 Prototyping: ABS is frequently used 
for creating prototypes and functional parts in 
product development due to its good 
mechanical properties and ease of post-
processing. 

 Medical Devices: While not typically 
used for implantable devices, ABS is utilized in 
the production of various medical device 
housings, equipment, and surgical guides. 

Aerospace Components: ABS's 
lightweight and durable properties make it 
suitable for certain non-critical aerospace 
components and interior parts. 

8. CONCLUSION 

The exploration of 3D printing parameters and 
their impact on the mechanical properties of 
ABS, graphene, and graphene oxide reveals 
significant potential for optimizing and 
enhancing the performance of printed parts. 
Each material presents unique advantages and 
challenges, making them suitable for a variety 
of applications across different industries. 

ABS (Acrylonitrile Butadiene Styrene) 

ABS remains a popular choice in 3D printing 
due to its ease of use, cost-effectiveness, and 
good mechanical properties. However, 
challenges such as warping, bed adhesion 
issues, and environmental concerns 
necessitate careful optimization of printing 
parameters and post-processing techniques to 
achieve the best results. Despite these 
challenges, ABS continues to be a reliable 
material for prototyping, consumer goods, and 
certain automotive and aerospace 
applications. 
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Graphene 

Graphene's exceptional mechanical, electrical, 
and thermal properties offer transformative 
potential for 3D printing. Its integration into 
printable filaments can lead to significant 
improvements in the strength, conductivity, 
and heat dissipation of printed parts. 
Nevertheless, the high cost, dispersion 
challenges, and processing complexity of 
graphene require ongoing research and 
development to make its use more practical 
and economically feasible. Graphene's 
applications in electronics, energy storage, 
composites, and biomedical fields highlight its 
versatility and the promise it holds for future 
innovations. 

Graphene Oxide 

Graphene oxide provides a more processable 
alternative to graphene, with ease of 
dispersion and functionalization being key 
advantages. It enhances the mechanical 
properties of composite materials and offers 
promising applications in water filtration, 
biomedical devices, sensors, and flexible 
electronics. However, limitations such as 
reduced electrical conductivity and moisture 
sensitivity need to be addressed through 
further research and material optimization. 

Comparative Insights 

Combining ABS, graphene, and graphene oxide 
in multi-material 3D printing opens up new 
avenues for creating parts with tailored 
properties. The ability to fine-tune printing 
parameters and develop composite materials 
with specific characteristics can drive 
innovation in areas such as smart materials, 
lightweight structures, and customized 
medical devices. 

Future Directions 

The future of 3D printing with ABS, graphene, 
and graphene oxide lies in the continued 
development of hybrid materials, sustainable 

manufacturing practices, and advanced nano-
engineering techniques. Addressing the 
current limitations and challenges associated 
with these materials will be crucial in 
unlocking their full potential and expanding 
their applications. 
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