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Abstract: Additive manufacturing (AM) is a cutting-edge manufacturing technique that allows for the direct 

creation of complicated objects from digital desktop designs. Among the several AM techniques, the material 

extrusion technique has gained more attention because of its ability to manufacture complicated objects and 

customizes profiles at a reasonable costin a shortertime period. The main advantages of this technique are its 

easier fabrication process and low cost when compared to other well-known AM techniques. Enhancement in 

mechanical properties plays the key role in the AM objects. So, Incorporating nanofillers or nanoparticles into 

the basic materials like polymers, carbon ceramic and metal based materials is one of the most promising 

alternatives. This review attempts to enlighten and inform readers about the basic working principle of material 

extrusion technique and the many forms of polymer-based additives reported in the literature. This review can 

guide the readers to compare and assess the uses of polymer based raw materials before on choosing the kind 

of material be used, as well as it provides a view point on the application of AM by the material extrusion 

method in different disciplines. Finally, the challenges and upcoming prospects of the material extrusion 

process are discussed. 
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Abbreviations. Meaning  Abbreviations Meaning  

    

ABS 
Acrylonitrile Butadiene 

Styrene                                      
PBT 

Polybutylene 

Terephthalate 

ASA   
Acrylonitrile Styrene 

Acrylate 
PC  Polycarbonate 

AM Additive Manufacture PCA          
1-Pyrene Carboxylic 

Acid 

CB Carbon Black  PCC       
Polymer Ceramic 

Composites 

Cfrtpcs 

Continuous Fiber 

Reinforced 

Thermoplastic 

Composites 

PCL         Polycaprolactone 

CNT Carbon Nanotube PEEK       Polyether Ether Ketone 

Cnfs Cellulose Nanofibers PEKK       Polyetherketoneketone 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 1 October 2024 doi:10.20944/preprints202409.2448.v1

©  2024 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202409.2448.v1
http://creativecommons.org/licenses/by/4.0/


 2 

 

3D            Three-Dimension PET          
Polyethylene 

Terephthalate 

EC Ethyl Cellulose PETG        

Polyethylene 

Terephthalate Glycol-

Modified 

EMI         
Electromagnetic 

Interference 
PHB Poly-Hydroxybutyrate 

FDM       
Fused Deposition 

Modelling 
PLA         Polylactic Acid 

FRC         
Fiber-Reinforced 

Composites 
PLLA Poly (L-Lactide) 

Gnps Graphinenanoplates PMC         
Polymer Matrix 

Composites 

GO Graphene Oxide PP             Polypropylene 

HIPS 
High Impact 

Polystyrene 
PS Polystyrene 

L-Arg L-Arginine PTFE        Polytetrafluoroethylene 

Nps Nanoparticles  PVDF        
Poly Vinylidene 

Fluoride 

MB Methylene Blue SLA          Stereolithography 

MO Methyl Orange TCP        Tricalcium Phosphate 

MTT 
MerchantingTrade 

Transactions 
TPE 

Thermoplastic 

Elastomers 

MUC1 Mucin 1 TPU           
Thermoplastic 

Polyurethane 

MWCNT     
Multiwall Carbon 

Nanotube 
ULTEM      Polyetherimide 

PA 

PAA 

Polyamide 

Polyacrylic Acid 
WC Tungsten Carbide 

1. Introduction 

The first method of Additive manufacturing (AM) is referred to as rapid prototyping, more 

widely known as Vat Photopolymerization or SLA in the modern lexicon was developed in the late 

1980s. An American inventor Charles Hull has apatent for this printing method [1]. An object was 

first printed directly from a computer (digital) file by a printer. When technology first emerged in the 

1980s, AM was exclusively employed by industries, not by the general population. This is because 

AM allowed for quick and precise procedures that led to the rapid prototyping of industrial items 

[2]. The potential uses of AM is in variety of industries, including the aerospace, pharmaceutical, 

medical, and automotive sectors, and have gained a lot of interest from both industry and academics. 

The usage of AM technology is convenient, long-lasting, economical, and compatible with a 

variety of materials, including metals, polymers and ceramics. These qualities make it possible to 

create structures for a variety of applications, such as micro electronics and Micro systems [3]. 

However, AM pure polymer objects lack the strength and capability needed to be completely 

functional and load-bearing parts [4]. Because of these disadvantages, rather than practical 

components most of the AM polymers are currently used as conceptual prototypes, and the industrial 

use of these materials is still limited. These issues can be addressed by using polymer composites. 

The nanoparticles can be incorporated into polymers to develop polymer nanocomposites that have 

distinct characteristics, such as mechanical strength and thermal conductivities, electrical, electro-

mechanical sensitivity, and magnetization [5–8]. The nanomaterials, used as nanofillers, not only 

assist enhance different polymer characteristics, but  also help in overcoming limitations associated 

with manufacturing and manipulation due to the size of nanoparticles [9].  
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To fabricate polymer nanocomposites, a variety of AM processes have been used. Among them, 

certain methods, such asstereolithography, material extrusion, powder bed fusion, material jetting, 

and 3D plotting have gained significant attention [10]. The selection of AM methods depends on 

processing speed, starting materials, resolution requirements and the consistency of final product 

performance [11–13]. Material extrusion is the widely used and affordable AM technology currently 

available because of its simple operation and vast range of accessible materials [14–17]. However, the 

products fabricated by amaterial extrusion printer using conventional filament generally inadequate 

functional features and have poor mechanical qualities, which restricts their applicability [17]. 

Therefore, designing functional filaments with excellent tensile properties that are appropriate for 

material extrusion printers is essential to enhancing their functionality and expanding their 

application areas. 

2. Material Extrusion 

2.1. Historical Background 

Material extrusion methodology was developed in 1988 by S. Scott Crump, a co-founder of 

Stratasys Inc. For technology, Stratasys Inc. filed a patent in 1989 [18]. The first material extrusion 

printer was available on the market in the year of 1990 [19]. In 2005 Dr. Adrian Bowyer introduced 

“self-replicating rapid prototyper” or RepRap technology that could reprint broken objects or new 

objects. Material extrusion technology patent expired in 2009. Since then, low-cost machinery in the 

form of kits and completely assembled devices based on the open-source RepRap project have been 

accessible. To give a term that would be legally unrestricted in its usage, the technology is known as 

fused filament manufacturing rather than material extrusion. The most popular feedstock for AM is 

ABS and PLA polymers; nevertheless, the finished objects are frequently seen as toys or prototypes 

rather than being employed in practical applications [20]. To develop a method comparable to 

material extrusion, the Rap Man AM kit was introduced in 2009. Additionally, Maker Bot Industries 

unveiled Cupcake CNC devices (both fully completed and in kit form) that are based on the open-

source RepRap platform [21]. The first RepRap-based 3D printer was developed by Ultimaker Ltd. in 

2011, and Ultimaker Original Solidoodle also launched their RepRap-based Solidoodle 3D printer 

[22].  

In 2012, Makerbot Industries introduced the Replicator 2 and 2X platforms, abandoning open-

source functionality in favour of private management [23]. 2013 marked the peak of public interest 

and awareness for AM. Since then, several thermoplastic polymers and polymer composites (such as 

PP, PCL, and others) have been researched and produced for use in material extrusion technology. 

In 2014, Mark forged announced the Mark One, a printer that can employ continuous fiber to 

strengthen polymer, producing pieces that are 10 times stronger than typical printed parts [24]. In 

2015, the debut of the first PEEK AM printer from Apium Additive Technologies was shown at 

INDMATEC [25]. 

2.2. Basic Working Principles of Material Extrusion AM Printers 

The mechatronic structure of a Material Extrusion AM is shown in Figure 1. In general, Material 

Extrusionis based on the hot melt extrusion procedure, in which material is deposited layer by layer 

by the information from a three-dimensional model until a complete product is formed. A circulating 

drive gear mechanism is commonly used in the Material Extrusion AM process for filament feedstock 

feeding with a diameter of 1.75 mm or 3.00 mm into a printer. The energy needed to move the filament 

through the system is supplied by a stepper motor that is attached to one of the driving gears. For 

the driving gear to grip the filament and feed it to the liquefier without slipping, one or both drive 

gears may have a grooved or toothed surface. After the filament has been heated, it is melted at the 

hot liquefier, and the solid back section serves as a piston to force the molten material through the 

print nozzle. 
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Figure 1. The mechatronic structure of a Material Extrusion AM. (Figure is reproduced from Ref. [26] 

with permission from Association for Computing Machinery). 

Generally, as long as the printer parameters are adjusted properly, choosing a filament diameter 

has no effect on the printing quality. The method uses higher pressure yet moves more slowly when 

driving the material into the nozzle because a bigger diameter (3mm) produces a more durable 

filament. A smoother filament feeding procedure and a lower risk of filament breakage arise from its 

improved rigidity, which prevents any flexibility in the PTFE tube. In contrast, a 1.75 mm filament 

has significant advantages over a 3 mm filament. A smaller diameter filament may be used with the 

same nozzle size with less force, which speeds up the feeding process. The 1.75 mm filament is also 

significantly higher flexibility, making it possible to spool and twist it toward an extruder through 

curved tubes [25]. While an extruded material thread can range in size from 0.1 to 0.4 mm, the 

Material Extrusion printer having typical nozzle diameter is 0.4 mm. Cartesian printers, which have 

two primary versions, are essentially the most often used design among consumers. In the first kind, 

the platform descends in the z-axis while the print head travels up and down in the x-y plane, layer 

by layer. In the second, meanwhile, along the y-axis, the platform travels in and out, while the x-axis 

is used by the print head. 

A layer contour can be deposited, and a model can be made by filling the inside with plasticized 

material while moving the head in zigzag motions [27]. The head travels along thez-axis to start 

printing the next layer once the previous layer has been printed. By using this method, we can 

produce complicated forms with the least amount of pre-processing. [28]. Such a programproduces 

G-code, which when fed into a  printer permits the creation of a genuine model. Finish machining is 

required for the model that was removed out of the printer, for example, to remove supports and 

flaws [29]. 

The need to exhibit these specific attributes and the expense of converting raw materials into 

filament form often make it challenging to process many polymer materials through fused deposition 

[30–32]. Direct printing from pellet form is a viable option, allowing the incorporation of particulate 

and fibrous filler materials to create polymer composite solutions [33]. In fact, producing polymer 

material in pellet form is simpler and more cost-effective [34,35]. 

The working mechanism of a pellet extruder is similar to that of a filament extruder, but it uses 

pellets instead of filament [36,37]. It includes additional components such as a hopper and an auger 

screw. The auger screw transfers the pellets from the inlet to the nozzle opening. Before being 

extruded through the nozzle, the melted plastic undergoes high pressure due to the screw, which 

features a transport zone, a melting zone, and a mixing zone. The pellets are converted from solid 

form to liquid paste by a heater that warms the screw and barrel. The motor, connected to the screw, 

rotates it, exerting high pressure to facilitate extrusion as shown in Figure 2 [36,38].  
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Figure 2. Schematic representation of pellets extrusion process (Figure is reproduced from Ref. [36] 

with permission from Elsevier). 

3. Materials in Material Extrusion AM 

Existing material extrusion AM techniques have certain restrictions on the types of materials 

that are used in material extrusion printer [39]. Materials with a high melting point cannot be used; 

the heating element/chamber of the commercially available material extrusion printer can operate at 

a maximum temperature of 300°C [40]. Due to this restriction, the most suitable materials for this 

technique have been found to be materials with low melting point, including thermoplastic polymers 

[41]. Therefore, polymers, PMC, nanocomposites, FRC, bio-composites, and PCC are usedin the 

material extrusion technique [42–44]. 

3.1. Polymers 

The melting temperature of polymers makes them the preferred material for material extrusion 

AM nowadays [45]. They fall into the category of commercially accessible material extrusion printer, 

and also they provide the final product with considerable strength hence they are used for several 

applications. The polymers employed in material extrusion AM of medical applications might be 

different from those used for more conventional applications [46]. The choice of the polymer is an 

important aspect because biocompatibility is crusial for applications in the pharmaceutical industries. 

The types of polymers available for AM in the medicinal field are divided into natural polymers, 

metal-based polymers, synthetic polymers, biocomposite materials and bioceramics [47,48]. 

Polymeric materials are often employed because they are flexible, simple to fabricate, biocompatible, 

and exhibit a variety of chemical, mechanical, electrical and thermal charecterstics when combined 

with other materials to form composites [49–51]. 

In material extrusion AM technique, the most widely used polymers are PET, ABS, PETG, PC, 

Nylon/polyamide, ASA, PETG and PLA [52]. While TPE is the most recent flexible polymer substance 
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utilised in material extrusion, other high performance polymers include ULTEM, PEEK and PEKK 

[53,54]. 

3.2. Development of Material Extrusion Printed Nanocomposites 

The objects fabricated by material extrusion printers using conventional thermoplastic filament 

generally have poor mechanical propertiesand limited essential functional features, which restricts 

their applicability [55]. Therefore, creating functional filaments with superior mechanical qualities 

that are appropriate for material extrusion printers is essential to enhancing their functionality and 

expanding their application areas [56]. These restrictions can be overcome by combining the matrix 

with composites to create reinforcements. A composite consists of two or more basic mate 

fundamental components, each of which has unique physical and chemical characteristics. When 

combined, they exhibit properties that are distinct from those of each component alone. This offers 

them a significant advantage over conventional thermoplastics like ABS or PLA that are utilizedin 

material extrusion AM [57]. These extra materials and their additional qualities permit AM to be used 

in more applications. 

Nanocomposites are created by incorporating nanoparticles into a polymer matrix. NPs are 

extremely small particles having a size ranging from one to hundred nanometres [58]. Macro-sized 

materials frequently result in holes or crack 3D-printed structure, making it brittle and inappropriate 

for many applications. However, incorporation of nanoparticles can minimise wear and friction 

between surfaces, generate an anti-wear film, and reduced surface roughness [59]. Their mechanical 

qualities can be integrated into macro structures to provide novel applications in a variety of 

industries. NPs can be categorised as being made of carbon, ceramic, metal, semiconductor, magnetic, 

lipid, and polymeric materials [55]. The most frequently researched NPs as an additive for the 

polymer material in the development of material extrusion AM include those based on metal, 

ceramic, semiconductor, and carbon materials. In general, the porosity, size of the pore, membrane 

pore structure, surface roughness, surface charge, and mechanical properties will be affected by the 

incorporation of NPs into the polymer [60]. Inhomogeneity is a typical issue during the preparation 

of nanocomposites that affects the number of additives that can be included in the matrix. 

3.3. Carbon Based Nanoparticles 

Nano-sized carbon can be synthesized by carbonization, activation, grinding, and heating. 

Because of their outstanding mechanical, optical, physical, and thermal characteristics, carbon-based 

NPs are extensively utilised in various fields. Different forms of Carbon-based NPs are graphene, 

CNTs, and carbon quantum dots. These forms of NPs are extensively studied in research because of 

their superior mechanical property, thermal conductivity, electrical conductivity, stability, and low 

toxicity [61]. 

TPU/MWCNT nanocomposite was 3D printed using material extrusion and extruded filaments 

were compared for their piezoresistive, electrical, and mechanical properties. Electrical conductivity, 

the strength of the material, and initial elastic modulus all increased with the addition of more 

MWCNT filler. By enhancing the resistance to buckling, the higher modulus in the presence of 

MWNCT significantly improved the printing ability of soft thermoplastic TPU [61]. The 

nanocomposite of PLA with graphene/carbon nanotube synthesized under optimum conditions had 

excellent properties compared to pure PLA (Figure 3). For example, their tensile strength and Young's 

modulus can reach 16.2% and 25.5% which is greater than pure PLA. The electrical conductivity of 

the nanocomposite can achieve 82.0 S/m and EMI shielding efficiency can reach upto 36.8 dB, which 

is far beyond the commercial shielding standard (20dB) [62]. 
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Figure 3. Schematic representation of the manufacturing process of PLA/GNPs/CNTs 

nanocomposites by using material extrusion AM (Figure is reproduced from Ref. [62] with permission 

from the American Chemical Society). 

CNT/TPU nanocomposites were fabricated by material extrusion for high-performance strain 

sensor and PCA was added to improve the interactions between the polymer and the nanofiller. The 

3D printed sensors exhibit exceptional qualities including a high gauge factor (GF = 117213 at a strain 

of 250%), a broad detectable strain range (0-250%), high stability (up to 1000 loading/unloading 

cycles), and a frequency response range of 0.01–1 Hz [63]. Jesús et al. [64] fabricated completely 

integrated, hybrid carbon-based electrodes using material extrusion AM. The employment of a 

hybrid CNT/CB/PLA filament material in the construction of an electrochemical sensing system is a 

key achievement of this work. A non-conductive ABS substrate and a conductive CNT/CB/PLA three-

electrode array make up the integrated printed hybrid-carbon electrode (comprising working, 

counter, and pseudo-reference electrodes). The printed electrodes were employed to determine 

dopamine with a low detection limit of 1.45 μM as a proof of concept. These fully integrated, printed, 

hybrid carbon-based electrodes may be used as real point-of-care printed electrochemical sensing 

devices due to their mobility, affordability, simplicity, and quick production time (3.7 min). 

A study demonstrated the preparation, filament extrusion, and material extrusion of AM of 

conductive polymer nanocomposites based on CNT and graphene to produce effective 3D model 

structures. The printability, electrical conductivity, crystallinity, morphology, and viscoelastic 

characteristics were examined. According to the investigation, PBT/CNT  printed structures have 

superior functional qualities (elastic property and conducting capabilities) than PBT/G  printed 

structures [65]. 

3.4. Ceramic Based Nanoparticles 

The main constituents of ceramic nanoparticles include metal and metalloid oxides, carbides, 

phosphates, and carbonates, such as calcium, titanium, silicon, etc. They have several advantageous 

features that make them suitable for many applications, such as chemical inertness, low electrical 

conductivity, high heat resistance, resistance to corrosion, and high stiffness [66]. Due to their 

exceptional thermal, mechanical, and biological qualities, ceramic materials are a crucial class of 

inorganic particles in composites and have been effectively used in polymer matrix composites [67]. 

In material extrusion technology PA 12 combined with bioceramic fillers (such as zirconia and 

hydroxyapatite) is a potential candidate for biomedical applications. The studies showed that adding 

fillers decreased toughness and flexibility while maintaining or increasing the strength and stiffness 

of pure PA12. Fillers were added, which slightly decreased the melting point while enhancing 

thermal stability. In conclusion, it was observed that PA12 composites worked well with material 

extrusion technology, making it possible to create medical implants with respectable mechanical 

performances for non-load bearing applications [68]. A study investigated the effects of three-phase 

dielectric nanocomposites made of PVDF, BaTiO3, and multi-walled carbon nanotubes on material 
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extrusion AM. Due to their distinctive property of dipole polarisation, PVDF polymer and BaTiO3 

ceramics are pyro-, piezo-, and di-electric materials widely employed for sensor and energy 

storage/harvesting applications. The dielectric characteristics are improved by increasing both 

BaTiO3 and CNT nanoparticles [69]. A research groupstudied the physical and mechanical 

characteristics of highly ceramic-filled PA12. Tensile and flexural specimens were fabricated using 

PA12 filament feedstock that was unfilled, 30, 35, and 40% filled with ceramics. The increase in filler 

loading had a negligible impact on the mechanical and physical characteristics. The  mechanical 

characteristics of composites were less than expected, but they did show considerable surface 

roughness, which is preferable for use in biomaterial applications [70]. 

Samar et al. [71] focused on development and production of controlled porosity polymer-ceramic 

composite scaffolds. PP polymer and TCP ceramic were mixed at high shear to create particulate-

reinforced polymer-ceramic composites. To increase the composite flexibility and processability, 

processing aids were applied. The material extrusion method was utilised to produce scaffolds with 

controlled porosity. Physical, mechanical, and biological characteristics of these porous scaffolds for 

application as bone transplants were described in this study. Using standard dog bone samples, the 

tensile characteristics of PP-TCP composite (with processing aids), neat PP and PP with processing 

aids (without TCP) were assessed and compared. Uniaxial compression tests were carried on 

cylindrical porous materials, with varied volume percent porositywas (36%, 48% and 52%) and an 

average pore size was 160 m. The samples with the highest compressive strength 12.7 MPa, had a 

porosity of 36 volume percent. Studies on cell growth and cytotoxicity were carried out using a 

modified human osteoblast cellline. The first two weeks of in vitro testing revealed that these samples 

had outstanding cell development and were non-toxic. 

3.5. Metal Based Nanoparticles 

Precursors of metal are used to create metal-based nanoparticles which are excellent in 

conducting heat and electricity. The mechanical strength of the polymer film can be increased by 

adding metal-based nanoparticles to polymer materials [72]. It has been demonstrated that 

incorporating metallic nanoparticles, such as metallic compounds and metal powders into the 

polymer is an effective way to enhance the qualities of finished material extrusion printed objects. 

Researchers added Fe3O4 and CNFs as functional particles and reinforcing components to a 

PHB/PCL mix to create magneto-responsive shape memory polymer composites with well-balanced 

strengths and toughness. Investigations were conducted into the effects of Fe3O4 and CNFs, the 

findings showed that the PHB/PCL (80:20) composites containing 10 weight percent iron oxide and 

0.5 weight percent carbon nanofibers had the best overall mechanical and magneto-responsive shape-

memory capabilities. Figure 4 (a) and (b) depict the snowflake model printing process and the 

resulting images. The snowflake models were immediate form is depicted in Figure 4 (c) along with 

a temporary shape that was created during the magneto-responsive shape recovery [37]. The 

temporary shape of the snowflake model is shown to gradually change into its permanent shape after 

35 seconds, demonstrating that the snowflake model created via AM has advantageous magneto-

sensitive shape memory ability [73]. 

Masood et al. [74] developed a novel metal/polymer composite material using the material 

extrusion rapid prototyping method for direct quick tooling application. Characterization of this 

novel material demonstrates appropriate mechanical behavior, tensile strength and tensile modulus 

of reinforced nylon with an iron increase by 3.87 MPa and 54.52 MPa, respectively. In another work, 

they intend to emphasize the friction welding compatibility of aluminum (Al)-reinforced PA6/ABS-

based functional proto types manufactured using material extrusion printer. It was found that 

reinforced ABS and PA6 polymers have greater compatibility in terms of comparable melt flow and 

thermal characteristics, which resulted in improved joint efficiency with friction welding [75]. Rajanet 

al. [76] examined the effective manufacture of reinforced PA6 (PA6/TiO2) composites with titanium 

dioxide (TiO2) for material extrusion AM. The evaluation results of the material extrusion-fabricated 

samples showed that the addition of TiO2 could significantly alter the mechanical and tribological 

characteristics of pure PA6, with an increase in TiO2 concentration, decrease in elongation at break 
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and wear rate and an increase in tensile strength and Young's modulus. The tested experiment 

showed that the PA6/TiO2 composites out performed pure PA6 in terms of material extrusion AM 

capabilities, wear resistance and mechanical strength. 

 

Figure 4. (a) The snowflake model printing route in the slicing programe. (b) The top view of the 

model snowflake that was printed. (c) The snowflake model with the temporary shape in the magnetic 

field, and its magneto-responsive shape recovery process (Figure is reproduced from Ref. [73] with 

permission from Elsevier). 

Kumar et al. [77] conducted more study for friction welding on iron (Fe) powder reinforced PA6 

matrix and ABS matrix, respectively. Using composite filament made of PA6/Fe and ABS/Fe, two 

working circular cross-section prototypes were constructed on an material extrusion machine. Fe 

powder reinforced PA6 and ABS were successfully combined under the optimal parametric rotation 

speed, feed, etc. conditions. Modern medicine is challenged by the rising incidence of wound 

infections brought on by bacteria resistant to antibiotics. In order to solve this problem, AM filaments 

were produced by swiftly incorporating antibacterial metals like zinc, copper, and silver into polymer 

PCL for the material extrusion AM. Additionally, copper and zinc helped to speed up the healing of 

wounds because these metals have broad-spectrum antibacterial capabilities. All of the various metal 

dressings demonstrate a quick release (for up to 24 hrs), followed by a gradual release (up to 72 hrs). 

A thermal activity monitor system was used to assess the wound dressing antibacterial effectiveness, 

and the results showed that silver and copper wound dressings had the most effective bactericidal 

characteristics. This study demonstrates that 3D scanning and AM, which are becoming easier and 

convenient, have the potential to provide solutions for producing customised wound dressings [78]. 

3.6. Semiconductor Based Nanoparticles 

Semiconductor materials have unique optical and electronic properties because of their 

quantum size effect or large surface area. Semiconductor nanomaterials show promise for use in a 

variety of fields, including solar cells, laser technology, chemical and biosensors, nanoscale electronic 

devices, super absorbents, light-emitting diodes, packaging films, components of armour, parts of 

automobiles, waveguide and catalysts [79]. Metal oxides are the inorganic semiconductors that have 

received most attention due to their superior optical, electrical, thermoelectric and chemical 

capabilities. Metal oxide semiconductors, including SnO, ZnO, CuO and others, are easily fabricable 

[80]. 
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Viskadourakis et al. [81] successfully fabricated 3D photocatalytic structures using 

nanocomposite polystyrene filaments incorporating ZnO and TiO2 nanoparticles at mass 

concentrations up to 20% w/w by using a standard material extrusion printer. The fabricated 3D 

structured photocatalyst have promising photocatalytic characteristics, achieving an efficiency of 

about 70% after five reuses in a solution containing 20 ppm of Methylene blue under UV light 

irradiation. In another work, n-type copper oxide semiconductor-based 3D printed room-

temperature ammonia gas sensors were fabricated using thematerial extrusion and the sintering 

method. Cu particles were incorporated to the polylactic acid (PLA) mixture before it was extruded 

into filament for material extrusion AM. The 3D-printed copper oxide gas sensor showed strong 

sensitivity and selectivity towards ammonia at ambient temperature, good reproducibility, high 

stability (>3 months), and low humidity dependency (25-65 % RH) [82]. 3D scaffolds with a designed 

microstructure and immobilized TiO2 NPs in PLA were manufactured using material extrusion to 

produce customized 3D objects [83]. 

Salea et al. [84] combined Cu with PLA and extruded to create a composite filament with a high 

copper content that had a 1.75 mm diameter. A designed model was developed using the filament 

and an material extrusion printer with enhanced mechanical properties. This method proved that Cu 

is useful for fabricating more ceramic and semiconductor materials. Below Table.1 summarises the 

work of other researchers who developed polymer nanocomposite materials using Nanoparticles as 

reinforcing material for the material extrusion technique and discusses their effects on its 

performance and their enhacement in properties. 

Table 1. Summary of the polymer nanocomposite materials using nanoparticles as reinforcing 

material for the material extrusion technique. 

Type of additive Matrix polymer 

Additive 

(Nano-

filler) 

Concentration 

(wt. %) 

Effectiveness of 

nanofiller/Remark 

Refer-

ence 

Carbon-based 

nanoparticles  

 

ABS MWCNT 
1, 3, 5, 7 and 

10 

Tensile strength increases 

up to 58 MPa with 7 wt.% 

MWCNT. Ductile to brittle 

transition, mechanical 

properties, and electrical 

conductivity dramatically 

increased. 

[85] 

 PLA 
MWCNT 

and GNPs 

1.5, 3,4.5,6,9 

and 12 

To improving the 

dielectric properties 

MWCNT are more 

suitable and GNPs filler 

favours in thermal 

conductivity. 

[86] 

 ABS CNT/CB 3  

Increase the mechanical 

properties including 

strength and elastic 

modulus as well as 

improved electrical 

conductivity.  

[87] 

 
Linear low-density 

polyethylene(LLDPE) 
 GNPs 

5, 10, 15, 20 and 

30 

Enhance the thermal 

conductivity and 

mechanical performance. 

[88] 

 TPU CB 12 

The CBPs conductive 

network disconnection 

mechanism and 

Tunnelling effects are 

[89] 
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beneficial to the sensing 

mechanism for printed 

composite. 

Ceramic based 

nanoparticles 

 

 

PVDF BaTiO3 9 

Increased piezoelectric 

responsiveness by three 

times using nanofiller. 

[90] 

 PLA Silica 5,10 and 15 

Increase in silica 

concentration increases 

the tensile strength up to 

121.03 MPa  

[91] 

 PA12 
ZrO2 and 

(β-TCP) 

15 wt.% ZrO2 

and 30, 35 & 40 

wt.% β-TCP 

Tensile modulus, impact 

strength and biological 

properties improved. 

[92] 

 PA12 

 

Zirconia 

and 

hydroxyl 

apatite 

10,15,20,30 and 

40  

Filler improved strength 

and stiffness of PA 12 and 

lower the melting 

temperature and 

improved the thermal 

stability. 

[68] 

 PP  TCP 20.5 

Controlled porosity PP-

TCP composite exhibited 

high mechanical 

properties with pore size 

160 µm. 

[71] 

Metal based 

nanoparticles 

 

PLA Al 6.95 

Enhance the dynamic 

mechanical thermal 

(DMT) property, 

elongation-at-break 

increases and reduced 

tensile strength and 

young’s modulus.  

[93] 

 PLA Ag 
0.01, 0.1, 2.5 and 

5 

Adding Ag NPs exhibited 

antimicrobial activity 

against Staphylococcus 

aureus, Escherichia coli, 

and Pseudomonas 

aeruginosa 

[94] 

 PA12  WC 
12.5,25,37.5 and 

50 

Improved mechanical 

properties and increase 

glass transition 

temperature. 

[95] 

 PA6 &ABS Al 50 
Improvised the 

mechanical properties  
[75] 

 PA6 &ABS Fe 
10,20,30,40 

and50 

Enhance the mechanical 

and metallurgical 

properties. 

[77] 

Semiconductor 

based 

nanoparticles 

 

ABS ZnO 50 

Acts as a photocatalyst 

and removed 

contaminants in water.  

[96] 
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 PLA Cu 80 

Increased electrical 

resistivity and showed 

many defects 

recombination. 

[84] 

 

 

Poly 

styrene 

TiO2 20 and 40 

100% recyclable and 

promising photocatalytic 

activity  

[97] 

 PLA CuO 80 

Provided active porous 

sites for better room 

temperature ammonia gas 

sensing and adsorption. 

[82] 

 PVDF ZnO 1 and 2 

Thermally stable and 

excellently tunes the 

magnetic, 

photoluminescence, 

optical, piezoelectricity 

properties. 

[98] 

4. Application of Material Extrusion Printed Polymer Based Nanocomposites 

4.1. Wastewater Treatment 

Fresh water resources like rivers, lakes, and ponds are essential for the survival and growth of 

aquatic life and also for humans . This important water sources are  contaminated in many regions 

of the world due to a lack of environmental legislation and safety measures. Industrial residual dyes 

which include harmful and dangerous organic pollutants are the ones among many such 

contaminants that tend to change the characteristics of water, generating aesthetic and health-related 

issues [99]. However, various methods have been reported for waste water treatment but adsorption 

and photocatalysis are the most attractive and environmental friendly methods that have been 

frequently used to remove these pollutants from contaminated water bodies [100]. Printed objects 

can be used as an adsorbent and photocatalyst for dye degradation. For example, ZnO coated  

printed structure was examined  by Kumbhakar et. al for the efficiency of photocatalytic degradation 

and adsorption capacity of MB dye as shown in Figure 5 (a) &(b) [101]. 

Sevastaki et al. [97] fabricated 3D photocatalyst of TiO2/PS polymeric based nanocomposite by 

using material extrusion AM method 100% recyclable PS filament was incorporated by TiO2 NPs up 

to 40% w/w.The printed nanocomposites of TiO2/PS were efficient and effective as photocatalysts for 

the degradation of  paracetamol and achieving an efficiency of nearly 60% after three cycles of reuse 

in 200 ppm of paracetamol aqueous solution under UV irradiation. This method presents a novel, 

inexpensive alternative for manufacturing large-scale photocatalysts that are useful for practical 

applications. Yoann et al. [102] prepared  printed photocatalyst by using geometrical concepts. 

Various structures have been  printed with PLA using material extrusion technique. The 

photocatalyst is made of nano ZnO@PAA plasma-grafted on a PLA substrate and used for 

investigation of photocatalytic degradation of Rhodamine B. The printed photocatalyst shows 63% 

dye degradation after 5.5 hours under direct sunlight indicating that  printed hybrid material had 

successfully undergone photocatalytic activity testing. 

Jo et al. [103] developed photodegradable gyroid structures of PLA incorporated with TiO2 NPs  

and the nanocomposite were printed by using material extrusion method. Under UV irradiation, the 

porous and 3D network gyroid structure improves the contact interface and promotes quick mass 

transit by offering more light routes and surface area. Improved hierarchies were also developed 

within the structure as the PLA photodegrades on the surface over time. It enables continuous surface 

exposure throughout the hierarchical structure of the incorporated TiO2 NPs. As a consequence, the 

hierarchical gyroid control its reaction efficiency while simultaneously showing higher adsorption 

and a greater photocatalytic performance by creating more voids as the reaction period is extended. 

Sevastaki et al. [104] reported a novel method of developing eco-friendly ZnO NPs on printed PLA 
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scaffolds. Under UV irradiation, the photocatalytically active ZnO nanostructures  printed on PLA 

scaffolds were employed to degrade paracetamol (50 ppm) in water. This research work 

demonstrates a low-cost, environmentally friendly method for producing large-scale photocatalysts 

that may effectively degrade 50 ppm paracetamol in water by almost 95%. ZnO/PLA nanostructures 

developed by this method has a great prospects for practical environmental remediation.  

 

Figure 5. Photocatalytic degradation of MB dye by using ZnO coated material extrusion printed 

structure. (a) Absorption and photodegradation. (b) Surface activity of catalyst with MB dye 

molecules and degradation mechanism (Figure is reproduced from Ref. [101] with permission from 

Elsevier). 

And it is the first report in the literature on a successful attempt to use this method to develop 

inexpensive photocatalytic active components for pharmaceutical pollutants in water. 

Many proposals for removing chemical pollutants have been developed after extensive 

investigation. Photocatalysts, an approach that is beneficial to the environment, have often been 

recommended to address environmental problems. Son et al. [96] reported 3 D printed three types of 

ZnO nanostructures via material extrusion and hydrothermal reaction and studied its photocatalytic 

behavior on methylene blue using UV spectroscopy. Because of their greater active surface compared 

to the others, the ZnO-nanoflowers on a 3D-backbone exhibits the fastest degradation of methylene 

blue dye. 

4.2. Biomedical Applications 

Material extrusion AM offers significant benefits in biomedical applications with the potential 

to fabricate patient-specific medical products and equipment. The complexity and novel approaches 

are a challenge in biomedical research. AM will facilitate the development of novel biomedical 

implants, customized organs and tissues and controlled drug delivery systems [105] with ease. Due 

to the flexibility of AM, new materials like semi-crystalline polymeric composites may be engineered 

to produce extremely complex structures [106]. The following are the current and upcoming research 

priorities for AM technology in the biomedical and pharmaceutical industries: (1) the fabricationof 
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organs and tissues customization of prostheses, anatomical replicas and orthopedic transplants; (2) 

personalized methods of drug delivery, drug screening and distribution. The ideal characteristics of 

materials that are deemed worthy of being printed for biomedical applications include printability 

and outstanding mechanical, thermal, and structural feature [107].  

Chen et al. [108] illustrates the AM of TPU/PLA/GO nanocomposites using material extrusion 

and discusses the possible use of these materials as biocompatible approaches. For material extrusion 

AM, nanocomposites are created using a solvent-based mixing process and extruded into filaments. 

The mechanical properties and thermal stability of these nanocomposites were significantly 

improved by the addition of GO. Interestingly, researchers found that the mechanical performance 

is strongly influenced by printing orientation. The printed nanocomposites also demonstrate strong 

biocompatibility with NIH3T3 cells, showing potential use of these biomaterials for tissue engineering 

applications. Wang et al. [109] study demonstrated that L-Arg/ GNPs/PLA nanocomposites as a 

potential biomaterial with improved mechanical properties and thermal stability. This improvements 

was achieved by material extrusion printing technique. By using a solvent-based mixing technique, 

nanocomposites were created and then extruded into filaments for material extrusion printing. With 

an ideal loading of 2 wt% L-Arg/G NPs, the inclusion of L-Arg/G NPs considerably increased the 

tensile and flexural strength of PLA matrix by 43.6% and 28.5%, respectively. Thermal stability of L-

Arg/GNPs/PLA nanocomposites significantly increased, with the degradation temperature rising by 

60°C and the amount of residual weight rising by 7%. The L-Arg/GNPs/PLA nanocomposites also 

shown high biocompatibility in the MTT cytotoxicity assay of the  printed nanocomposites, 

indicating the material have great potential for use in bone tissue engineering. 

Cao et al. [110] revealed that, for the first-time osteoblasts and chondrocytes can successfully co-

culture in vitro for more than 50 days on material extrusion PCL scaffolds. It shown that, in these 

material extrusion-fabricated PCL scaffolds, osteogenic and chondrogenic cells may multiply, spread, 

and create extra cellular matrix when cultured together. However, the researchers pointed out that 

other, more direct method, such as DNA sequencing investigations are the only way to determine 

the real final pheno type of the osteoblasts and chondrocytes in the PCL scaffolds. The substantial 

cell proliferation on the three-dimensional porous PCL scaffold indicates that it is biocompatible and 

appropriate for tissue engineering of in vitro osteochondral constructs. This scaffold architecture may 

find value in medical applications, particularly for the healing of osteochondral defects. 

Kempin et al. [111] studied multiple polymers; including Eudragit®RS, PCL, PLLA, and EC, 

were investigated for their feasibility for material extrusion of drug-loaded implants as well as their 

drug release properties. To observe drug dispersion in filaments and implants, the fluorescent dye 

quinine was utilized as a model drug. Eudragit® RS and EC had the lowest relative drug release, 

with less than 5% of quinine released in 78 and 100 days, respectively, whereas PCL had the fastest 

relative drug release, with an estimated 76% in 51 days. Since almost the same absolute quantity of 

quinine was still trapped in PCL at the conclusion of drug release trials, increasing the drug load also 

increased the total percentage of the drug released to the medium. This information is useful for 

creating printed implants in the future that have the required drug release profile, which might be 

influenced by the polymer and drug load. Tablets can also be made to include a variety of drugs with 

various rates of drug release. The study conducted by Sadia et al. [112] has resulted in a unique tablet 

design that could increase drug release in  printed tablets. Polymethacrylate is the material used for 

the material extrusion printed tablets, which are meant to feature internal channels that might 

increase the surface area/volume ratio of the tablet and permit media perforation through the 

structure. The research conducted by Goyanes et al. [113] has also demonstrated that it is possible to 

create custom tablets using material extrusion AM technology that contain drug dosages that are 

personalized to each patient or tablets with a particular drug-release profile. 

AM technologies have significant contribution in the development of biosensors fabrication 

towards clinical and point-of-care-testing systems. AM technologies have been employed for the 

fabrication of biosensor or a component of the biosensor for the detection of variety of targets 

including glucose, H2O2, covid-19 antibodies, dopamineand cancer biomarkers detection Smart 

phone assisted, non-enzymatic and amperometric based point-of-care testing of glucose sensing in 
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physiological fluid, human sweat has been studied. This flexible device enables non-invasive glucose 

detection in physiological fluid in range of 12.5–400 μM without the interference from metabolites 

[114]. Nanoprinting integrated electrochemical and microfluidic for the rapid detection of covid-19 

antibodies using reduced graphene oxide coated electrodes shown in Figure 6 (a-d). the proposed 

sensor can be reusable by regenerating the sensing platform in low pH solution. This methodology 

can be used to detect biomarkers of infectious agents [115]. Printed electrodes based on graphene and 

Au NPs with horseradish peroxidase assisted in direct electron transfer between enzyme to the 

electrode during electrochemical sensing of H2O2 [116]. Cost-effective point-of-care testing of 

dopamine was demonstrated by Naranjo et al. [64], using  printed carbon nanotube based 

electrochemical systems. Crevillen et al. [117] described  printed aptasensor for MUC1 detection 

from breast cancer cells. This sensor is simple, cost-effective, and easy to fabricate and will have a 

significant impact on early cancer diagnostics. 

 

Figure 6. Schematic of the manufacturing process of the 3D-printed COVID-19 test chip a) Glass 

substrate with 3 electrodes of the electrochemical cell. b) electrode fabrication on glass substrate. c) 

Printed gold micropillar array. d) Details of AJ printing of a single micropillar. e) Process of fabrication 

of the PDMS housing (Figure is reproduced from Ref. [115] with permission from John Wiley and 

Sons). 

4.3. Electronic Applications 

Currently, a variety of AM methods are being widely employed for structural electronic devices 

that allow for mass customization and adaptable design by embedding conductors in the three-

dimensional components. The material extrusion AM materials and liquid metal was employed to 

build material extrusion printed electronic devices with microstructures by adhering different 

fundamental microelectronic device components into material extrusion printed devices. Radio-

frequency passive circuits and the improved passive wireless sensing systems were devised and 

constructed by linking these fundamental resistors, capacitors, and inductors with these 3D printed 

components [118,119]. 

Kim et al. [69] examined the effects of material extrusion AM on three phase dielectric 

nanocomposites made of PVDF, BaTiO3, and MWCNTs. Due to their distinctive property of dipole 

polarization are, piezo-, pyro-, and di-electric, PVDF polymer and BaTiO3 ceramics are widely 

employed for sensor and energy storage/harvesting applications. CNTs have been used for ultra high 

polarization density, local micro-capacitor, and uniform BaTiO3 nanoparticle dispersion among 

matrix to increase the dielectric property. A research work conducted  by Carkaci1 et al. [120] used 

AM technology to prototype-manufacture an antenna and waveguide diplexer feed system for Ku-

band satellite communication. Using this material extrusion technique, these components in an 

antenna are first manufactured using PLA, a dielectric substance that is suitable for material extrusion 

printers, and then the structure is sprayed with silver spray. 
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For the first time Foster et al. [121] introduced printable electrochemical energy storages system 

based on graphene-based PLA filament (graphene/PLA) and described the possibilities of using in 

solid-state graphene supercapacitors. Additionally, the hydrogen evolution process (HER) is shown 

to be a viable alternative to the regularly used platinum-based electrodes now used in electrolyzers 

for the electrochemical production of hydrogen. Viskadourakis et al. [122] investigated the 

thermoelectric and transport properties of three-dimensional printed samples made of PLA-graphite 

and PLA-graphene and demonstrated their thermoelectric device application. PLA-reduced 

graphene oxide based  printed circuits were demonstrated for potential applications in organic 

electronics and energy storage devices [123]. 

4.4. Aerospace Application 

The majority of aviation parts have complicated profiles that are time-consuming and expensive 

to manufacture. The most important aircraft parts, such as engine, exhaust and turbine blades have 

recently been printed using metal materials since they are more durable and flame resistant than 

polymers [124]. The aerospace industry has been replacing metal parts with appropriately robust 

material extrusion printed parts made of polymer composites such as ABS, PLA, polyetherimide, 

polyphenylsulfone and polycarbonate in order to reduce weight and processing time. Recently, 

printed polymer composites were able to resist high temperatures and have been developed to  use 

in aircraft applications [125]. Continuous fiber-reinforced composites are the ones that are most 

frequently employed in the aerospace sector. One of the key indicators of aviation progress is the 

usage of continuous fiber-reinforced composites. High-silica glass fiber-reinforced phenolic resin and 

carbon fiber fabric reinforced phenolic resin are suitable materials to use for the ablation and heat-

preventing components of rocket heads in the aerospace sector [126,127]. The aircraft sector is 

noticing a particular demand for components produced using additive manufacturing. Lightweight 

materials with strong physical and thermal qualities are required in this sector. 

PEEK is also employed in the aerospace sector, and it is a popular material in this sector due to 

its excellent qualities, such as strong thermal stability, mechanical characteristics, lightweight, and 

resistance to chemicals and ultraviolet radiation. PEEK is employed in aerospace applications as a 

heat-resistant structural component and thermoplastic resin [128,129]. Rinaldi et al. [130] printed a 

nanosatellite for space applications using PEEK polymer utilizing the material extrusion technique. 

A kind of satellite known as "nanosats" is tiny and lightweight in size. PEEK is lightweight, and the 

researchers demonstrated a proof of concept for a nanosat structure made of 3D printed PEEK using 

additive manufacturing technology. In their investigation, the researchers also examined the printed 

PEEK outgassing parameters like collected volatile condensable material, total mass loss, recovered 

mass lossand water vapor regained. Their study revealed that the criteria of the aerospace sector were 

entirely satisfied; proving that AM PEEK has no detrimental effects on out-gassing qualities and 

PEEK material extrusion printed materials are appropriate for space technologies. 

Woosley et al. [131] fabricated composite of boron nitrideand thermoplastic polymer by material 

extrusion AM technique. The neutron attenuation of samples produced with material extrusion 

increased from 50% in polymer specimens to 72% in composite specimens. Because of the new 

materials improved performance somaterial extrusion technology may be utilised to create aircraft 

components, where neutron radiation poses a serious risk. Similarly, Tian et al fabricated continuous 

fiber reinforced thermoplastic composites (CFRTPCs) by material extrusion 3D printing using 

continuous carbon fiber and PLA filament as reinforcing phase and matrix, respectively. When the 

fiber content was 27%, excellent flexural strength (335 MPa) and modulus (30 GPa) were obtained for 

the printed composite samples. This type of composite has potential applications in the field of 

aviation and aerospace [132].  

4.5. Textile and Fashion Industry application 

Recent technology advancements open the door to AM use in printed footwear, apparel, and 

accessories for fashion as shown in Figure 7 (a) & (b) [133,134]. Textile clothing and accessories must 

be very flexible, strong, ductile, and resilient in order to facilitate customer requirements. Printed 
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clothes are more user-customizable than traditional garment techniques. As a result, AM technology 

gives designers the ability to customize the size and shape of clothing to fit a specific  body type of 

person [135]. Recently, sustainability trends in textiles and clothing have prompted a need to reduce 

waste generation and ensure the viability of AM technology in these industries by reducing the cost 

of energy and transportation. Researchers have also attempted to design and create stylish jewelry 

with the least amount of waste possible. The idea was to reduce waste generation in order to assure 

sustainability and cost of reduction. One of the main advantages of employing material extrusion is 

that itcan be used to quickly and inexpensively produce personal garment panels. In order to satisfy 

client demand, it would be beneficial and effective to combine AM with traditional garment 

production [136]. 

 

Figure 7. (a) FDM 3D printed dress and (b) Original and material extrusion printed view of jewellery. 

(Figure is reproduced from Ref. [133,134] with permission from Springer Nature). 

Deposition of polymer onto textile mainly depends on the combination of the polymer and 

textile. It includes several aspects of polymer science such as polymer deposition technology, 

polymer compatibility and polymer-textile adhesion. Sanatgar et al. [137] looked at how well polymer 

and nanocomposite layers adhered to textile fabrics after printed directly by using the material 

extrusion printer. Numerous factors affect on adhesion quality, such as, the choice of the fabric, the 

AM process parameters and the type of filler used in polymers. In different series of polymers were 

printed using several experimental designs, nylon on PA66 (polyamide 66) fabric, PLA on PLA fabric, 

PLA on PA66 fabric, and finally nanoscale CB/PLA and MWCNT/PLA nanocomposites on PLA 

textiles. Following, PLA and its composites have a strong adhesive force to PLA fabrics among the 

printed polymers. Melnikova et al. [138] found that by using soft PLA, material extrusion printer 

capable of printing glossy, flexible and lace like fabrics. Ali et al. [139] printed jewelry using material 

extrusion using different types of material PLA, PLA plus and bronze filled PLA. 

Spahiu et al. [140] reported two suggestions for using AM to support fashion designers for shoe 

and garment developers. The material extrusion printer Orcabot XXL made by Prodim (The 

Netherlands) was utilized for AM of shoes and garments. On a printing bed that had been heated to 

60 °C, PLA filament was produced at a nozzle temperature of 195 °C. The design of shoes and 

garments are carried out using AM shoe designing software.  

5. Challenges and Future Perspectives 

In recent years, material extrusion AM technique has provided a new development to 

manufacturing technology and expanded its scope to the maximum. However, there are still several 

challenges with material extrusion printing. The need for post-processing the printed component has 

an impact on the parts of quality. The main drawback of material extrusion- printing is that it can 

only be used for thermally stable objects because of the high temperatures that are involved in this 

(a) (b)
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process. The range of materials that can be used in this method is significantly less. According to the 

section on required materials in medical field, material extrusion-printability is a multi-factorial and 

requires particular material qualities that are challenging to produce with medicinal recipients 

[141,142]. 

Another challenges faced by the researcher when producing intricately designed jewelries. 

During this study, it was found that some materials, including PETG, wood-filled PLA, HIPS, and 

ABS, could not be used to create intricately formed objects using the material extrusion process. Post-

processing of the printed portion is necessary and it affects on quality of the printed parts [139]. 

Researcher reported some challenges in usage of material extrusion AM in the fashion sector after 

manufacturing apparel and accessories. As mentioned in the report, various limitations were 

observed during each procedure related to the materials, modeling software, printing processes, 

manufacturing processes, and wearing of the clothes. Here are some suggestions about how to 

enhance the propertyin order to overcome these restrictions. It is necessary to develop materials in 

such a way that material should be enough flexible to express the structure and human body moment. 

Furthermore, a modeling software program must be developed. Current modeling software is 

designed to work effectively with the engineering or manufacturing sectors. Thus, these software 

difficult for beginners in other professions to use and these software need high speed computers, 

another barrier to increased accessibility exists [133]. 

A lack of adhesion between the fiber and matrix leads to fiber pull-out. It's possible that the fiber-

reinforced filament or the structure itself may develop voids during printing. Line-by-line and layer-

by-layer deposition both contribute to surface roughness and the staircase effect, respectively. These 

are the most common challenges while using material extrusion printers. These drawbacks can 

minimize by ultrasound, chemical, laser or heat treatment. The print platform can be vibrated by 

ultrasound transducers, which will decrease the staircase effect and enhance the surface. The surface 

roughness of the printed part can be reduced by chemical treatment, but it can negatively affect on 

strength of the part. Another benefit of using a laser treatment on printed parts is an increase in 

strength and a decrease in surface roughness values. The most often used method of post-processing 

to enhance the mechanical performance of material extrusion prints is heat treatment sometimes 

referred to as annealing. When heat is applied to the component, the spaces between the layers are 

filled, creating a smoother surface [53]. When using composite material in material extrusion AM, it 

is challenging to evenly distribute reinforcements and eliminate the void created during the 

production of composite filaments. The useable material for material extrusion printers is restricted 

to thermoplastic polymers with the appropriate melt viscosity, which is another drawback. The 

molten viscosity needs to be both high enough to support structures and low enough to allow for 

extrusion. It may also be challenging to completely remove the support structure employed during 

printing. The employing nanofillers can improve the thermos mechanical characteristics of printed 

objects and minimize some extrusion limitations associated with particle size. 

Material extrusion AM technique has gained more attentiondue to its capacity to produce 

complicated and personalized profiles at a reasonable cost and in a shorter amount of time, but above 

mentioned challenges must be overcome. The majority of industries, including aerospace, electronic, 

biomedical, and automotive, have adopted material extrusion-printed polymer composite 

components to replace parts that were traditionally produced. Commercial polymeric feedstock 

filaments are employed in various industrial applications due to recent successes in overcoming the 

limits of polymers. The processing parameters are one of the most crucial elements affecting the 

quality of printed parts. So, additional research is needed to understand the behavior and 

compatibility challenges between nanoparticles and matrix materials by developing theoretical 

models in order to produce high quality products. Even though attempts are being made to fabricate 

polymer bio-based nanocomposites in material extrusion AM more work needs to be done for 

improving the properties like thermal and mechanical characteristics to achieve their applicability in 

various field. 
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