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Abstract
Three-Dimentional (3-D) printing is currently a popular printing technique that is used in many sectors. Potentially, this 
technology is expected to replace conventional manufacturing in the coming years. It is accelerating in gaining attention 
due to its design freedom where objects can be produced without imagination boundaries. The review presents a perspective 
on the application of 3-D printing application based on various fields. However, the ordinary 3-D printed products with a 
single type of raw often lack robustness leading to broken parts. Improving the mechanical property of a 3-D printed part is 
crucial for its applications in many fields. One of the promising solutions is to incorporate nanoparticles or fillers into the 
raw material. The review aims to provide information about the types of additive manufacturing. There are few types of raw 
materials can be used as foundation template in the printing, enhanced properties of the printed polymer nanocomposites 
with different types of nanoparticles as additives in the printing. The article reviews the advantages and disadvantages of 
different materials that are used as raw materials or base materials in 3-D printing. This can be a guideline for the readers 
to compare and analyse the raw materials prior to a decision on the type of material to be selected. The review prepares an 
overview for the researchers to choose the types of nanoparticles to be added in the printing of the products depending on 
the targeted application. With the added functionality of the 3-D polymer nanocomposites, it will help in widespread of the 
application of 3-D printing technology in various sector.
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1 Introduction

Additive manufacturing or 3-Dimentional (3-D) printing has 
become popular lately. Most people are not aware that this 
technology has been invented way long before the 2nd mil-
lennium. 3-D printing has begun in the late 1980s whereby 
the first technique was known as the Rapid Prototyping (RP), 
or commonly recognized as Stereolithography (SLA) in the 
current term. The patent of this printing technique owned 
by an American developer named Charles Hull [1]. SLA 
printer was the first device to print an object directly from a 

computer (digital) file. 3-D printing only used in industries 
but not in the public when it started in 80s. This is due to 
3-D printing offered a rapid prototyping of industrial prod-
ucts resulted in quick and accurate processes.

The design by 3-D printing is high in accuracy, it also 
accomplishes design freedom where there are no barri-
ers to the imagination. Due to this advantage, artists can 
now produce a physical sculpture which would otherwise 
be sketched on a paper. With many advantages, there are 
more industries are shifting from conventional manufactur-
ing to 3-D printing technique to produce their goods. The 
cost of production can be reduced because a few parts can 
be printed into one single object compared to conventional 
manufacturing which only enables printing of several parts 
separately in addition with no tooling required [2, 3]. There-
fore, this favours the manufacturing industries since saving 
cost could mean gaining more profit. In addition, 3-D can 
also print parts with complex geometries which is impos-
sible to be produced by the traditional method [4]. This will 
bring advantages to the manufacturers as it is possible to 
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produce a wide range of industrial goods such as hard tool-
ing product like moulds. Traditionally, moulds are computer 
numerical control (CNC) milled either undergoing multiple 
design alterations, or taking weeks and months to achieve 
the final design. Now, 3-D printing technologies can be 
used instead, allowing material and waste reduction, while 
improving the functionality of a mould. The main improve-
ments which can be seen in tooling products are lightweight, 
improved design, improved ergonomics and reduction in 
material waste [5]. Due to the popularity of additive manu-
facturing, 3-D printers are currently used as home use by 
people who are interested in creating their own prototypes.

The technology is commonly used in automotive, archi-
tecture, healthcare, entertainment and goods industry. For 
example, the printing of spare parts is now possible with 
improved mechanical properties when using nanomaterial 
or composites. This can result in a stronger build-in which 
increases the safety aspect of the mobile in car racing and 
even space mission. Furthermore, 3-D printing technology 
can be applied in the medicine field. One of the successful 
examples is the printing of hearing aids which has a unique 
structure between different individuals [6, 7]. In addition, 
people are getting 3-D printed teeth which is customized 
to each person. Unlike the previous one-size-fits-all teeth 
which is uncomfortable, the 3-D printed teeth will fit nicely 
suited to the patients. This technology was also greatly 
explored in bioprinting of tissues and organs, the printing 
of animal tissues for drug testing and teaching purpose, skin 
grafting [8–11]. In combating the COVID-19 pandemic, 3-D 
printing shown its important role in coping up to produce 
medical equipment such as face shield, face mask, ventilator 
parts, nasopharyngeal swab, antibacterial mask and wearable 
device for patient [12–15, 170]. In addition, 3-D printed food 
can also be customized to patients suffering from dysphagia 
phenomenon to make food more visually appealing [16, 17]. 
There is still a wide application of 3-D printing yet to be 
explored. 3-D printing is a promising technology to print 
customized and high-quality products. It is believed to bring 
positive impacts to various sectors in the future when more 
fields are utilising this technology.

However, the major drawback of producing 3-D printed 
goods is the fragility of the printed parts, as most produc-
tion only focus on building prototypes rather than func-
tional parts, since the printed objects always result in a 
lack of strength. Therefore, one of the promising solutions 
is to incorporate nanoparticles or fillers into the polymer 
to strengthen the printed object. Nanoparticles (NPs) are 
extremely tiny particles which have the size ranges from 
1 to 100 nm [18]. Owing to their small size, nanoparticles 
have a large surface area to volume ratio which enable them 
to be explored in various sector. Aside from the application 
stated in the previous paragraph, researchers are aiming to 
produce a more functional object by the incorporation of 

nanoparticles. Most of the published review papers only 
discuss on the 3-D printing techniques and printing of 
pure materials. When 3-D printing technology was greatly 
explored in many sectors, a more functional prototypes are 
demanded and many researchers have been putting effort to 
develop composites with improved functionality and perfor-
mance [19–22]. Therefore, this review provides an overview 
of the improvement and advancement in 3-D printing prod-
uct which enhanced with nanoparticles. In Sect. 2, the types 
of 3-D printer are reviewed as the type of printers considered 
as a factor that influence the choice of raw materials to be 
printed, along with the advantages and disadvantages of each 
printing technique. The base materials that are commonly 
used in 3-D printing are analysed in Sect. 3 depending on the 
application accordingly. Last but not the least, the develop-
ment of nanocomposites in various applications are reviewed 
in Sect. 4, followed by the discussion on the drawbacks that 
occurred and the suggestions for future steps of additive 
manufacturing in Sect. 5.

2  Types of 3‑D printer

Overall, the 3-D printers can be classified based on printing 
materials and mechanism of printing. The factors that are to 
be considered in the 3-D printer invention are cost, printing 
quality, capability of printer, printing speed, expectation of 
users and practicality. One may keep balance among the fac-
tors during the selection of printers, for instance, you can 
choose Digital Light Processing (DLP) when the printing 
of raw material is a polymer which is high in resolution 
and produced in short duration, meanwhile you can select 
Fused Deposition Modelling (FDM) which is much lower 
cost compared to FDM. The types of 3-D printers with their 
respective advantages and disadvantages are summarized 
in Table 1.

In additive manufacturing, stereolithography (SLA) being 
the most popular used 3-D printing technology, is able to 
provide high accuracy with a smooth surface finish and 
therefore is it very suitable in producing prototypes. How-
ever, this type of printer is considered expensive due to the 
material used which is a liquid resin that cost $50 to $400 
per litter [36]. As an alternative, Fused Deposition Model-
ling (FDM) may be preferable as it is lower in cost than 
other 3-D printing technologies and it is even convenient 
at home usages. However, FDM 3-D printer can only sup-
ports thermoplastic materials. Furthermore, Selected Laser 
Sintering (SLS) is also a good choice as it can build objects 
with complex geometries. The main advantage of using 
SLS printer is that no additional supports are required in the 
printing process which results in lesser material waste and 
no post processing is required in the printing process like 
other 3D printing technologies. However, the final object 
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may not have an accurate measurement and the surface fin-
ish is slightly rough. The Laminated Object Manufacturing 
(LOM) is an ideal choice for non-functional prototype and 
the process is cheap because of the material used is mainly 
paper. The main disadvantage is that the object printed 
will have low accuracy and low strength as the surface is 
not fined due to the wood-like texture. In addition, it also 
requires additional procedures of post-printing.

Commonly, all the 3-D printers have characteristics 
which are similar even though they might be different from 
mechanism, materials and applications. All the 3-D printers 
consisted of a 3-D modelling application or a scanner fol-
lowed by a structure designing. Besides that, the design of a 
structure is needed to be saved in Computer-Aided Design 
(CAD) form and sliced before sending to the 3-D printer to 
print the object [26]. The process of additive manufacturing 
is simplified in Fig. 1. In general, all 3-D printers work simi-
larly. Firstly, a designed 3-D model will be converted into a 
printable file known as STL file. With a slicing software, the 
structure will be sliced into hundreds or thousands of layers 
which is ready to be printed using a 3-D printer. This sliced 
STL file will then be printed layer by layer manner in the 
3-D printer into a prototype or product.

3  Base materials in 3‑D printing

There are few types of materials that commonly used most 
of the printing materials are malleable materials or materi-
als with high permeability and plasticity. The main advan-
tage of using plastic in 3-D printing are low cost and light 
weight. In the application of 3-D printed nanocomposites, a 
polymer is preferred to hold the nanoparticles because the 
dispersed form of nanoparticles requires a later separation 
which increases the process cost since not all powders can 
be revived.

3.1  Polymer/plastics

Most of the consumer products are made primarily using 
thermoplastics. Plastics have been used in 3-D printing 
widely to create consumer products as well as prototypes. 

Table 2 summarizes the thermoplastic or polymers used in 
3-D printing.

In the application of 3-D printing in tissue engineer-
ing, the polymers used may be different from what is used 
in normal 3-D printing uses. Since biocompatibility is an 
important aspect in the applications in the medical field, the 
choice of polymer is important. The choices of polymer used 
in 3-D printing in the medical sector are categorized into the 
natural polymer, synthetic polymer, bioceramic, metal-based 
polymer and biocomposite [49].

To produce a natural polymer as the material for 3-D 
printing, biological materials such as collagen, polysac-
charides, gelatin, etc., was used to form a scaffold. One of 
the biggest advantages of using natural polymer is that the 
host tissue’s extracellular matrix can be maintained [49] and 
low possibility of immune rejection reaction [50]. However, 
natural polymers often lack in mechanical strength hindering 
their applications that requires load-bearing. In addition, it 
also degrades in a fast pace that the healing tissues were 
lacking support. Therefore, the use of synthetic polymer is 
a better choice to support tissues for their biodegradable, 
enhanced mechanical properties and increased degradation 
period. Some of the examples of synthetic polymers are 
poly(lactic acid) (PLA), poly(lacti-co-glycolic acid) (PLGA) 
and poly(glycolic acid) (PGA) [51].

Hydroxyapatite (HA) and Beta tri-calcium phosphate 
(β-TCP) which are categorized under bioceramic materials 
are also widely used in 3-D printing especially in bone tis-
sue engineering because of its desirable properties such as 
biocompatibility, physically and chemically stable and anti-
bacterial effect [52, 53]. Despite having numerous advan-
tages, bioceramics often suffer from drawbacks due to high 
stiffness, fractures and low elasticity [49]. This had hindered 
its clinical application. Hence, it was suggested that biocer-
amics can be combined with other raw materials to produce 
an ideal scaffold.

Metal-based polymers, on the other hand, is useful espe-
cially in substituting bone in the human body. It has a strong 
mechanical strength, able to support tissue ingrowth and cor-
rosion resistant. Titanium (Ti) alloy is suitable in the use of 
bone, hip, femur, skull, and knee replacement as it is strong 
and biocompatible. But the use of metal-based polymers 
may also be complicated due to poor bioactivity on the metal 

Fig. 1  Process of 3-D printing 
from design to printing [23]
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surface, non-biodegradable and possible discharge of toxic 
due to wear.

Every polymer has its own limitations, biocomposite is 
the solution to produce an ideal scaffold in medical appli-
cations. A biocomposite is meant by incorporating nano-
sized or micro-sized to reinforce the material. For exam-
ple, polycaprolactone (PCL) which is a synthetic polymer 
is mixed with β-TCP which is a bioceramic polymer and 
phlorotannins which is a marine algal polyphenol to produce 
a bone tissue regeneration scaffold. In this scaffold [54]. 
PCL plays a role as a matrix to support structural stabil-
ity and offers pore structure. Whereas, β-TCP is responsible 
for the absorbability and osteoconduction. Phlorotannins 
were added into the matrix as an antibacterial, antioxidant 
and antiallergic agent [55]. This scaffold was successfully 
printed using extrusion-based 3-D printer. The resulting 
scaffold displayed a rise in cell viability and proliferation.

In the application of water treatment,  TiO2 nanoparticles 
as catalyst in embedded form are more sustainable because 
it is reusable and recyclable [56]. This is because nano-sized 
particles are difficult to separate which results in non-reusa-
bility and increase in overall cost. For example, Rosenau and 
the team had embedded  TiO2 nanoparticles into a cellulose 
membrane for photocatalytic decomposition of dyes [57].

3.2  Metals

Metals are sometimes used in 3-D printing due to their good 
strength and thermal properties. They can be used to print 
objects which need to withstand load such as aerospace parts 
and automobile parts. The summary of metals used in 3-D 
printing is shown in Table 3.

In comparison to the tensile strength, a mixture of cobalt-
chrome metal improves the tensile strength compared to 
other metals, making it useful to produce engine parts which 
requires high-stress tolerance. Most of the metals are used 
for functional applications rather than display applications 
as most of the display objects can be printed by using plas-
tic materials. As shown in Fig. 3, titanium, maraging steel, 
cobalt-chrome, tungsten and nickel possesses high tensile 
strength that are above 1000 MPa. Tensile strength is a direct 
way to evaluate the mechanical properties of metals. Metals 
with high tensile strength are able to resist wear and tear 
under extreme conditions, which is especially useful in the 
applications of aerospace and automobile. Metal selection 
in the aerospace field is crucial to reduce fuel consumption, 
weight reduction and enhance performance [66]. Despite 
having lower tensile strength, aluminium is still widely 
used in the automotive and aerospace industry [67]. This is 
mainly due to its low density which resulted in lighter parts, 
as well as its inexpensive cost compared to other metals. 
To eliminate the metallurgical defects in aluminium parts, 
refine grain size and repair surface defects, wire + arc AM 

(WAAM) hybrid-AM process can be adopted [68]. Titanium 
on the other hand is very costly, but it is about twice the 
strength of aluminium, in addition with low-density prop-
erty. Tungsten metal which has anti-vibration property, is 
unique in its application since it can damper the vibration, 
making it perfect to produce flight blades, ballast weight, 
missile components and more.

3.3  Ceramics

Ceramics have excellent properties such as low density, 
strong, high electrical insulating capability, resistant to cor-
rosion, chemical stability and dimensional stability. There-
fore, these properties make them suitable to be applied in 
a wide range of applications. This includes the chemical 
industry, biomedical engineering, aerospace and machinery. 
These properties allow it to be applied in many fields as 
stated previously. Through traditional method, gel casting 
and moulding techniques are used to form the shapes. The 
powder can be added with or without the binders and other 
additives. To achieve densification, it is compulsory to sinter 
the green parts at high temperature. Yet, these traditional 
ceramic forming techniques have limitations due to the long 
processing time along with the high cost. In addition, it is 
also impossible to produce structures with interconnected 
holes and highly complex geometries with moulding tech-
nique. Besides, machining of ceramic components is another 
issue as the cutting tools are subjected to severe wear and 
defects in the ceramic object due to extreme hardness 
and brittleness. Therefore, it is difficult to achieve dimen-
sional precision and fine surface finishing. The problems 
arose through traditional technology could be addressed by 
the replacement of 3-D printing technology.

The technology can be classified into slurry-based and 
powder-based methods in accordance to the form of the pre-
processed feedstock. For slurry-based ceramic feedstock, 
the fine ceramic particles are dispersed in a liquid or semi-
liquid system. Depending on the viscosity, the liquid is in 
the form of inks whereas the semi-liquid is in the form of 
and the solid loading of the system [69]. For this feedstock, 
Selective Laser (SL), Digital Light Processing (DLP), Two-
photon Polymerization (TPP), Inkjet Printing (IJP), Direct 
Ink Write (DIW) and Binder Jetting (BJ) can be used to print 
the object [70]. On the other hand, powder-based ceramic 
feedstock employ powder beds that contain loose ceramic 
particles as feedstock. Ceramic particles can be bonded by 
powder fusion using thermal energy from the laser beam or 
spreading the liquid binders [69]. The types of 3-D printer 
used for this feedstock are Selective Laser Sintering (SLS) 
and Selective Laser Melting (SLM).

As mentioned earlier, green parts are created in ceramic 
3D printers. The initial process is similar to standard 3-D 
printing process, which is slicing of designed object in a 
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slicing software until it is ready to undergo 3-D printing. For 
ceramic 3-D printing, additional treatments are required to 
treat the green state of the object, since the object is fragile 
and brittle at this stage. These green parts will go through 
various stages to reach their final structure which are glaz-
ing and firing to form a stronger ceramic end-product. For 
instance, the bending strength of the ceramic prototype sig-
nificantly increased from 17 MPa for green state to 220 MPa 
for the final prototype [71]. The process is illustrated in 
Fig. 2.

4  Development of 3‑D printed 
nanocomposites

To commercialize products made with 3-D printing tech-
nology, it is not yet possible since 3-D printing has a major 
drawback in strength ability and functionality. 3-D printed 
objects are often fragile, restricting its application in various 
fields. To overcome these limitations, reinforcements can be 
achieved by merging the matrix and composites to produce 
a more useful product which are not attainable by using the 
matrix alone. In this section, the incorporation of nanopar-
ticles into the polymer matrix will be discussed.

4.1  Composites

A composite material is a material created with two or more 
basic materials which own different physical and chemical 
properties. They display characteristics that are different 
from each individual component when they are combined. 
This gives them a better advantage over more traditional 
thermoplastics used in 3D printing like ABS or PLA. The 
applications of 3-D printing can be expanded with these 
additional materials and the properties. They are similar as 
nanocomposites in terms of mixing two or more different 
materials together, but they are also different in terms of 
the size of the particles incorporated. A composite does not 
matter the size of the particles incorporated or mixed as long 
as the materials are compatible to be printed. The summary 
of composites material is shown in Table 4.

Besides the above composites material, polylamide 
(nylon) and polycarbonate (PC) are also an interesting 

material to be explored. Both are categorized as thermoplas-
tics but with an exceptional function where it can substitute 
low-strength metals. In some circumstances, thermoplastic 
polymers are preferred over metals due to their light weight, 
low cost, does not require lubrication, silence and efficient 
[80]. Therefore, it is suggested that these thermoplastics can 
be used to produce a composite material for 3-D printing. 
For example, nylon when mixed with chopped carbon fib-
ers produces chemical and heat resistance along with high 
strength properties [80–84]. The tensile strength increased 
to ~ 6 times higher than non-reinforced polymer [81, 82].

Polycarbonate (PC) on the other hand, is commonly 
appeared as a transparent plastic. Compared to nylon, this 
material is more durable and stronger [81]. This material 
has almost the same internal transmission of light as glass, 
making it suitable to be used as plastic lenses in eyewear, 
digital disks, automobile parts, greenhouse etc. This mate-
rial with excellent heat resistance is also not east to degrade 
when exposed to high temperature. It is important to note 
that applications which require high transparency and high 
impact resistance can consider this material in their usage.

4.2  Nanoparticles as additive in composite

The addition of nanoparticles into an additive is known as 
nano-additive. Nanoparticle is an ultra-small particle with 
the size between 1 and 100 nm (nm) in diameter. Macro-
sized materials often give rise to problem with voids or 
cracks in the 3-D printed structure, which causes the struc-
ture to be fragile and unsuitable for many usages. By inte-
grating the mechanical properties of nanoparticles into the 
macro structure will provide a new application in various 
fields, where nanoparticles are able to reduce friction and 
wear between two surfaces, form an anti-wear film, provide 
a mending effect to compensate for the loss of mass and 
reduce surface roughness [78]. Nanoparticles (NPs) can 
be categorized into carbon-based NPs, metal-based NPs, 
magnetic-based NPs, ceramic-based NPs, semiconduc-
tor-based NPs, polymeric NPs and lipid-based NPs [77]. 
In the advancement of 3-D printing, carbon-based NPs, 
semiconductor-based NPs and metal-based NPs are most 
commonly explored as an additive for the polymer material. 
Commonly, the synthesis of nanocomposites had problem 

Fig. 2  The ceramic 3-D printing process [72]
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with inhomogeneity which affects the number of additives 
that can be incorporated into the matrix.

In general, the incorporation of nanoparticles into the 
polymer will affect the structure’s porosity, pore size, mem-
brane pore structure, surface charge, surface roughness and 
mechanical strength [85]. The applications of various types 
of nanoparticle are demonstrated in Table 5.

4.2.1  Carbon‑based nanoparticles

Carbonization, grinding, heating and activation are meth-
ods that are used to produce nano-sized carbon [86]. 
Carbon-based NPs are popular and they are widely in the 
various field due to their exceptional mechanical, thermal, 
optical, and physical properties. They also possess high 
boiling and melting point above 3500 °C [86]. Carbon 
quantum dots, graphene and carbon nanotubes (CNTs) are 
categorized under carbon-based nanoparticles. This type 
of nanoparticle is widely explored in research because they 
have good electrical conductivity, mechanical properties, 
heat conductivity, stable and low toxicity [87]. A study 
showed that carbon filler reinforced with nylon achieved a 
tensile strength of 700 MPa and 68GPa for tensile modu-
lus [83]. In addition, embedding carbon fibers can further 
strengthen the polycarbonate to expand its applications in 
3-D printing. Espalin and the research team had incorpo-
rated carbon fibers into the PC polymer to design a com-
posite which has higher mechanical strength [88]. Com-
pared to PC polymer alone, the tensile strength increased 
by 77%. The SEM result also showed that reduction of 

porosity happened when carbon fibers was reinforced 
[88]. Another reinforcement of carbon fibers into Poly-
carbonate/ Acrylonitrile butadiene styrene (PC/ABS) was 
reported to have minimum wear rate and high mechanical 
strength [89].

They are most commonly used in the energy storage field. 
It is a well-known material to be used in capacitors, bat-
teries and fuel cell components. Since human body consist 
of carbon, carbon-based NPs are also biocompatible with 
human cell. Graphene nanoparticles are used in drug deliv-
ery to deliver drugs to the targeted cancer cells. Compared 
to activated carbon, CNTs are ideal in removing both organic 
and inorganic wastes in water purification due to their hol-
low structure, high surface area and strong adsorption affin-
ity towards organic wastes such as dye, pesticides, phenols, 
benzene and carbon [85, 90]. It was also proposed that elec-
trochemical reaction of CNTs can be further improved by 
doping metal or non-metal to the CNTs [91]. For example, 
doping iron (Fe) on CNTs improved the degradation effi-
ciency of beta-blocker metoprolol from 74 to 97% due to 
the triggering of oxidative species [91]. In another research, 
 TiO2 was doped onto CNTs to improve the reduce the band 
gap and photocatalytic performance in wastewater treat-
ment since CNTs are able to expand the light response to 
visible light that would otherwise sensitive to UV alone if 
using bare  TiO2 [92]. In addition, CNTs are unique because 
no other material has a mixture of physical, chemical and 
mechanical properties like CNTs [93]. Compared to metals 
such as copper and aluminium, CNTs possess both excellent 
electrical and thermal conductivity, lightweight, with acids 

Table 4  Summary of composite material used in 3-D printing

Type of composite Conductive Metal/plastic filament Alumide Wood/plastic filament Sandstone

Contents PLA/ABS and gra-
phene

Bronze/steel/copper/
iron and PLA

Polyamide and alu-
minium powder

Wood fiber sheets and 
resin

Fine chalk powder and 
PLA

Added-value Create conductive 3-D 
objects

Flexible

Object printed have 
the optical properties 
of the metal incor-
porated

The printed object is 
heavier than thermo-
plastics alone

Objects printed have 
excellent size accu-
racy

Tough and suitable for 
long term usage

Suitable for post-pro-
cessing techniques 
like coating or 
polishing

Can create wood-like 
prototypes

The shade of brown 
can be adjusted 
according to the 
extrusion tempera-
ture

Can create stone-like 
prototypes

Technology FDM FDM SLS FDM BJ
Application DIY projects, touch 

sensors such as MIDI 
machines and gaming 
pads, and conductive 
traces in wearable 
electronic devices

Visual arts DIY projects, func-
tional prototypes, 
and manufacturing

Conceptual models, 
visual arts

Architectural, structural 
parts, landscape and 
museum display

Properties Conductive Metallic Strong, heat resistant, 
and high resolution

Fragile Unique sandstone 
appearance

References [3, 73] [16, 74] [17, 75] [76, 77] [78, 79]
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and bases resistant [93, 94]. Hence, doping of CNTs will 
benefit the 3-D printed product in enhancing the removal of 
contaminants in wastewater treatment application.

4.2.2  Ceramic‑based nanoparticles

This type of nanoparticles is chemically inert, possess high 
heat resistant, low electrical conductivity, resistant to cor-
rosion and high stiffness [95]. Some of the examples are 
hydroxyapatite (HA), alumina  (Al2O3), titanium dioxide 
 (TiO2), silica, silicon carbide and silicon nitrite [96, 97]. 
They own properties between metal and non-metal. Com-
pared to carbon nanoparticles, they have lower electrical and 
thermal conductivity, but they are high in stiffness, elastic 
modulus and resist to corrosion [95]. To describe the addi-
tion of ceramic-based nanoparticles as additive, the ten-
sile strength and tensile modulus were reported in Ahuja’s 
research team as 44.52 MPa and 871.81 MPa respectively 
when aluminium oxide  (Al2O3) was reinforced with nylon 
[98]. Ceramic nanoparticles are produced via wet-chem-
ical process, or commonly known as sol–gel method that 
involves a sol (chemical solution) and a gel (precursor) to 
produce an oxide which is a type of ceramic [99]. The excess 
solvents will be evaporated and the final product is a solid 
form. They are widely used in photocatalysis, bone tissue 
engineering, imaging and drug delivery. Titanium dioxide 
 (TiO2) is most widely applied in photocatalysis due to their 
outstanding photocatalytic performance, non-toxicity, chem-
ically stable and low cost. Despite their numerous benefits in 
photocatalysis, the large band gap is the main limitation of 
 TiO2 nanoparticles disabling it to perform well under natural 
light source (visible light). In recent research, most studies 
focus on doping  TiO2 with other elements. For instance, 
iron-8-hydroxyquinoline-7-carboxylic (Fe-HQLC) as a com-
posite for  TiO2 nanoparticles shifted the absorption towards 
visible light. It was concluded that phenol was degraded 
up to 99%, antibiotics ciprofloxacin (CIP) and tetracycline 
(TC) was degraded to almost 97%. In another report, dop-
ing nitrogen (N) with  TiO2 significantly increased the pho-
tocatalytic performance under UV and visible light [100]. 
Undoped  TiO2 only accounts for 87% and 45% degradation 
on furfural under UV and visible light respectively. When 
nitrogen was doped with  TiO2, the photocatalytic perfor-
mance of the photocatalyst reached 97% and 79% under UV 
and visible light respectively [100].

Commonly, hydroxyapatite, tricalcium phosphate and cal-
cium silicate are applied in bone tissue engineering owing to 
various advantageous properties including biocompatibility, 
flexural strength, non-toxicity to cells and enhance cell pro-
liferation [101, 102]. A bone scaffold can be categorized into 
bioinert scaffold and bioactive scaffold. Alumina  (Al2O3) and 
zirconia  (ZrO2) are examples of bioinert scaffold. They are 
chemically inert and hence will not have tissue reaction. They Ta
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are also biocompatible, tough and corrosion resistant. In con-
trast, bioactive scaffolds are able to regenerate damaged or 
lost tissues. Common bioactive scaffolds that are used in bone 
tissue engineering are beta-tricalciumphosphate (b-TCP), cal-
cium silicate (CS), hydroxyapatite (HAP) and bioactive glass 
(BG). In drug delivery applications, hydroxyapatite are widely 
explored. They are exploited to treat cancer cells as a drug 
carrier. One of the main features of HAP is it is able to pro-
long the release of drugs to the target tissue [103]. However, 
the extension of drug release time can be prolonged further 
by doping. For example, iron (Fe) has been doped onto HAP 
showed an enhancement in biocompatibility and longer drug 
release time [104]. Besides, HAP is also explored in arthro-
plasty by slowly releasing vancomycin to treat serious infec-
tion and a direct way [105].

4.2.3  Metal‑based nanoparticles

Metal-based nanoparticles are derived from metal precur-
sors. They are a good heat and electrical conductor [95, 106]. 
However, they are prone to corrosive damage. By using metal-
based nanoparticles as additive in polymer material, it is able 
to improve the mechanical strength of the desired material. 
Masood and Song reported the reinforcement of nylon with 
iron give rise to the tensile strength and tensile modulus by 
3.87 MPa and 54.52 MPa respectively [107]. Due to its anti-
microbial property, colloidal metal nanoparticles have also 
received much attention. For example, silver (Ag) NPs have 
excellent cytotoxicity towards a wide range of bacteria and 
fungi [108]. Likewise, copper (Cu) NPs coated on cellulose 
also showed effectiveness in destroying multi-drug resistant 
pathogen such as A. baumannii [109].

4.2.4  Semiconductor‑based nanoparticles

Semiconductor-based nanoparticles are unique because they 
own properties of metal and non-metal [110]. To modify the 
physical and chemical properties of a semiconductor nano-
particle, the size is the key factor that results in the unique 
properties of the nanoparticles [110, 111]. When the size 
changes, the conductivity and the optical properties will be 
modified. It is applied in various field such as catalyst, elec-
tronics, solar cells, LED, automobile, etc. The widening of 
band gap in semiconductor nanoparticles enables materials to 
operate at high temperatures [112]. Overall, the need for excess 
wires and cooling systems can be eliminated in a system such 
as fuel combustion. The elimination of excess material will 
reduce the complexity of the system and weight, in addition 
with improved thermal stability.

4.3  Nanoparticles in improving biological 
properties

In a study related to cartilage regeneration, Zhang and the 
team had proposed a scaffold-based technique to replace the 
traditional surgical process which is complex and requires 
long recovery time [113]. Scaffold-based technique such as 
3-D printing is beneficial because it can reduce doner site 
complications, shorter recovery time and requires fewer pro-
cedures [113]. In this study, PEGDA hydrogels incorporated 
with nanoparticles containing growth factors was printed 
into a cartilage model to grow human mesenchymal stem 
cells (hMSC) via cold atmospheric plasma (CAP) technique. 
CAP is an effective way to alter materials to create environ-
ments favored by cells to enhance cell proliferation and cell 
attachment [113]. Whereas, the nanoparticle poly(lactic-co-
glycolic) (PLGA) was loaded with bovine serum albumin 
(BSA) or transforming growth factor-β1 (TGF-β1) as the 
core. The scaffold was then printed using a customized stere-
olithography (SL) 3-D printer with three-axis motions. The 
printed cartilage scaffold had shown an increase in com-
pressive strength (5.2 MPa) comparing to human cartilage 
tissue (0.4–0.8 MPa). CAP treatment in addition with PLGA 
nanoparticles have shown a synergic effect in promoting cell 
growth and the printing of PEDGA scaffold. This proposed 
scaffold could be a suitable candidate to promote cartilage 
repair in the medical field (Table 5).

Some patients with orthopedic implant face bacterial 
infections from Staphylococcus aureus and Staphylococcus 
epidermidis after the surgery. These bacteria will attach on 
the surface of the implant, grow and form biofilms [130]. 
Biphasic calcium phosphate (BCP) nanoparticles and 
rifampicin (RFP) nanoparticles were incorporated into a 
matrix poly(d,l-lactic-co-glycolic) acid (PLGA) which is 
biodegradable. The differentiation of osteoblast was con-
tributed by BCP nanoparticles whereas the killing of bacte-
ria was caused by the RPF nanoparticles by steady-release 
of antibiotic [131]. This nanocomposite could be used in 
printing implants to avoid bacterial infections in the patient’s 
body.

The amount of nanoparticles added into the polymer 
matrix will determine the physical or chemical properties 
of the printed object, as well as the homogeneity of the print-
ing ink. Through the research of using metal nanoparticles 
(silver and copper) as additives in resin, it was found that 
up to 1%wt. of nanoparticles with the size of 25 nm and 
55 nm respectively can be well-dispersed in the resin poly-
mer without any sedimentation and agglomeration [132]. 
The nanocomposite was printed with SLA 3-D printer. By 
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the addition of silver and copper nanoparticles into the poly-
mer resin, the resistance decreased to almost 100% making 
this nanocomposite to be suitable for electronic applications 
[132]. In another research, carbon-based nanoparticle, gra-
phene oxide (GO) was incorporated into the photopolymer 
at 0.2%wt and printed using a SLA 3-D printer. [133]. The 
strength increased to ~ 62% whereas the elongation to failure 
increased to ~ 13% compared to solely polymer [133]. The 
incorporation of 1%wt. GO in photo-curable resin printed 
with SLA 3-D printer as well showed a significant increase 
in tensile strength by ~ 674% [134]. To compare the effect 
of adding different types of carbon-based nanoparticles into 
epoxy polymer, 0.1%wt. of pristine graphene, single-walled 
and multi-walled carbon nanotubes were incorporated [135]. 
It was found that nanocomposite containing graphene has 
the best enhancement as to stiffness (31%), mechanical 
strength (40%) and fracture toughness (53%) compared to 
structure incorporated with other carbon-based nanoparticles 
[135]. At 0.125%wt, the fracture toughness peak reached 
65% [135]. A low composition of CNT (0.04%wt) and gra-
phene (0.08%wt) nanoparticles was demonstrated for the 
enhancement in electrical conductivity by sevenfolds when 
incorporated in PBT thermoplastics printed with FDM 3-D 
printer [136]. According to many researches, SLA is com-
monly adopted as the choice of printing nanocomposites. In 
addition, most researches only incorporated a low amount 
of nanoparticles (≤ 1%wt) to improve the properties of a 
particular material of interest.

4.4  The application of 3‑D printed nanocomposites

Nanocomposite involves the addition of nanoparticles with 
the size of 1 nm to 100 nm into a suitable polymer matrix. 
According to Zachary and Ghasemi, most nanocomposite 
researches used a comparatively large amount of nanopar-
ticles (more than 0.1% by weight) to improve the properties 
of a certain material or structure [137].

4.4.1  Electrical and electronics

In the energy storage application, the manufacture of high 
dialectical energy devices is highly demanding because they 
can store more energy compared to those with lower dielec-
tric constants. This is especially important in the application 
of capacitors, semiconductor device, liquid crystal displays 
(LCD), and other embedded electronics [138]. One of the 
advantages of incorporating nano-sized particles into the 
polymer is that the resulting nanocomposite will have an 
increment in dielectric strength since the nanoparticles have 
a large surface area. Besides, nanoparticles can also reduce 
the size of voids and hence enhancing the strength of the 
nanocomposites [139].

Roppola and the team members (2016) determined the 
effect of inducing the generation of silver (Ag) nanoparticles 
in the polymer matrix with polyethylene glycol diacrylate 
(PEDGA) as base materials. Upon exposure to the thermal 
treatment at the last stage of printing at 200 °C, the resistiv-
ity increased, indicating that the nanocomposite treated at 
high temperature is not suitable for producing conductors 
[19].

In the effort to improve the dielectric property of a nano-
composite material, Yirong and the research team (2018) 
had conducted a research to explore the impact of adding 
barium titanate  (BaTiO3) and carbon nanotubes (CNTs) fill-
ers into the poly(vinylidine) fluoride (PVDF) polymer [21]. 
By adding  BaTiO3, the desirable energy storage ability of 
the nanocomposite is possible to be applied in field-effect 
transistor (FETs), capacitors and other embedded electron-
ics. Dielectric materials are electrical insulators that can be 
polarized by an applied electrical field to store energy [140]. 
A nanocomposite filament was formed and printed using 
FDM 3-D printer namely Lulzbot Taz 5 [21]. The printed 
PVDF has a higher dielectric constant (16.6) than the sol-
vent casted PVDF (15.0) due to the extrusion process of the 
filament and 3-D printing offers molecular alignment and 
hence it is able to remove micro-cracks and voids as shown 
in SEM images in Fig. 3. In addition, the incorporation of 
CNT filler has also reduced the impact and size of the micro-
cracks and voids and has improved the dielectric strength 
of the nanocomposites [21]. It was also reported through 
extrusion-based 3-D printing technique, the nanoparticles 
were well-dispersed in the matrix [21].

Robot has its limitation in locomotion applications, 
especially wall-climbing and aqueous environment. A 
gecko-inspired robot was made by Jeong and the research 
team that can move on ceilings with different orientations 
which was produced using a selective laser sintering (SLS) 
type 3-D printer [141]. Besides, the team had incorporated 
fluorosilane-functionalized silica  (SiO2-F) nanoparticles 
for water repellent characteristic and locomotion under the 
aqueous environment [141]. The team hopes to develop a 
practical robot which could be applied in air and water pol-
lution monitoring with enhanced mobility and functionality.

Fig. 3  SEM image of a solvent casted and b 3D printed PVDF film 
respectively
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4.4.2  Medical

A 3-D detoxification device was created by 3-D printing 
hydrogels with functional polydiacetylene (PDA) nanopar-
ticles by Gou and the team [20]. The objective of the study 
was to eliminate the risk of nanoparticles accumulation in 
human liver which may possess a secondary poisoning risk 
in liver failure patients through intravenous administration. 
The PDA can work effectively against pore-forming toxins 
(PFTs) since it is able to attract, capture and sense the toxins. 
PFTs are a toxin that can damage the cellular membrane 
due to pathologic infections by animal biting or bacterial 
infections. Result shows that after using this biomimetic 
detoxification device, the solutions totally lose its toxicity.

As scaffold is used in bones or tissues regeneration, it 
must be biodegradable and display no toxicity after decom-
pose [142]. The ideal scaffold should also promote host cells 
regeneration, control the degradation rate of the scaffold and 
biocompatible with the host cells.

In research by Magdassi’s research team (2016) to pro-
duce 3D printable hydrogels, water-dispersible nanoparti-
cles were incorporated in 2,4,6-trimethylbenzoyl-diphe-
nylphosphine oxide (TPO) to form hydrogels [143]. When 
the water-soluble photo-initiators with high absorbance 
in the UV range are absent, the formation of 3-D printed 
hydrogels are difficult. However, poly(ethylene glycol) dia-
crylate (PEGDA) hydrogels, the mechanical strength of the 
printed hydrogels which mechanical strength is six times 
greater than the normal hydrogel was printed successfully. 
This indicate that the printed hydrogels are strong enough 
to withstand their own weight and hence it is suitable for an 
implant and in situ purposes [143]. The fast polymerization 
of hydrogel with TPO nanoparticles is because TPO has a 
better solubility which aided a better dispersion and hence 
the free monomers are widely available to the newly formed 
free radicals.

A 3-D printed nanocomposite was produced in another 
study in orthopedic surgery and drug delivery system [144]. 
Since implants have to be strong to tolerate stress, nanopar-
ticles are added into the polymer to improve the physical 
properties as in the mechanical strength of the implants. 
For this reason, carbon nanotubes (CNTs) and hydroxyapa-
tite (HAp) are added into the poly(methyl-methacrylate) 
(PMMA) polymer.

The PMMA polymer is a biomaterial for joints or bones, 
CNTs are light weight, highly elastic, high heat stability, 
high strength, high electrics and high conductivity mak-
ing it a good advantage over other nanoparticles. On the 
other hand, HAp is commonly used as a coating to improve 
cell diffusion into implants or act as a filler in bones [145]. 
The presence of CNTs content promotes a better dispersion 
of HAp nanoparticles based on the characterization using 
energy dispersive X-ray (EDX) analysis. Besides that, when 

the content of HAp was increased, a reduction in strength 
was observed as this leads to stress concentration and 
agglomeration of particles. 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl-2H-tetrazolium bromide (MTT) analysis result 
indicated that the presence of CNT with HAp improved the 
cell growth comparison to solely HAp and solely CNT in the 
nanocomposites as shown in Fig. 4. From Fig. 4, plain CNT 
led to a decrease in cell viability of PMMA matrix [144]. 
Both particles need to work synergically because CNT is 
toxic to cells meanwhile HAp particle is able to precipitate 
on the CNT particles and hence blocking its toxicity [144]. 
This nanocomposite serves as a good matrix for biomedical 
applications.

In a previous bone regeneration study by Rath and the 
research team [146],  SiO2 nanoparticles were added into 
the sodium alginate to produce a scaffold [146]. Sodium 
alginate and gelatine, are natural polymer hydrogel, that 
is widely used in tissue engineering using 3-D bioprint-
ing because their properties of biodegradability and bio-
compatibility [146]. However, hydrogel is not suitable 
to be used in tissue engineering due to the ineffective-
ness to hold the structure on their own, lack of regen-
eration capability and swelling. By incorporating  SiO2 
nanoparticles, the free hydroxyl groups on its surface 
can interact with the sodium alginate-gelatine polymer 
and chemically crosslink with  CaCl2 solution, which can 
address the above issues. From the study, the viscosity 
of the hydrogel ink increased to 2.5 wt% concentration 
when  SiO2 nanoparticles was added into the hydrogel. In 
addition, this improved the viscosity and resulted in the 
printability of the scaffold. In addition, the compressive 
modulus (MPa) was significantly improved whereby deg-
radation and swelling were inhibited. Furthermore, the 
cell proliferation and cell attachment of the printed model 
were enhanced due to micro-porosity. The 3-D printed 
virtual skull defect was successfully printed by as dem-
onstrated in Fig. 5 using the formulated nanoparticle ink 

Fig. 4  Cell viability and microscope images from the MTT test. PM: 
PMMA. PM-2HA: PMMA with 2 wt% of HAp. PM-0.1C: PMMA 
with 0.1 wt% of CNT. PM-0.1C-2HA: PMMA with 0.1 wt% CNT 
and 2 wt% HAp [144]
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[146]. On the other hand, titanium dioxide nanoparticles 
 (TiO2) was suggested as a candidate in the bone regenera-
tion field, mainly due to its enhanced bone-forming ability, 
high tensile strength (~ 110 GPa), resistant to corrosion, 
biocompatible and able to react with human tissue [147]. 
In another research, a bone tissue engineering scaffold 
was formed using single-walled nanotubes (SWNT) as 
the nanoparticle and poly(propylene fumarate) (PPF) as 
the polymer [148]. It was realised that SWNT was able 
to strengthen the weak PPF material as well as produc-
ing scaffold that is light-weight and strong. This scaffold 

was also shown to be highly conductive. This property 
is beneficial for some applications since some cell func-
tions are stimulated via electric current, thus promoting 
bone-forming ability [148]. Besides designing scaffolds 
that are biocompatible, light-weight, strong, non-toxic, Jiji 
and the team had produced a scaffold made of silver (Ag) 
nanoparticles and bacterial cellulose-polydopamine (BC-
PDA) polymer that exhibit antibacterial effects. The scaf-
fold was evaluated against gram-positive (Staphylococ-
cus aureus) and gram-negative bacteria (Escherichia coli, 
Pseudomonas aeruginosa and Klebsiella pneumoniae). 

Fig. 5  Process showing the 
3-D printing of patient-specific 
virtual bone defect [146]

Fig. 6  Factors to be concerned 
when designing and building 
bone regeneration scaffold

Bone Regenera�on

Stage of cell growth Stage of cell applica�ons

Biodegradability

Biocompa�bility

Cell regenera�on capability

Biological absorbability

Mechanical proper�es

Angiogenesis

Ability to produce and 
release oxygen

Drug loading and release 
performance

An�microbial



343Progress in Additive Manufacturing (2022) 7:325–350 

1 3

There are a few parameters that is needed to take into 
consideration when producing bone regeneration scaffold 
as in Fig. 6 such as biocompatibility, biological absorb-
ability and mechanical properties are important to sup-
port cell growth while maintaining its mechanical strength. 
Other factors such as angiogenesis, the ability to produce 
and release oxygen, antimicrobial property, drug loading 
and release performance are some other important aspects 
that need to be taken into consideration when designing an 
applicable scaffold [49, 149].

4.4.3  Food industry

Prevention of microbial growth at the food manufacturing 
plant is especially important to prevent spoilage of food. 
Microbial infection is a major concern because microbes 
may deposit onto the surface of a polymer belt that is used 
to transfer food from one station to another, hence caus-
ing microbial contamination at the production site. One of 
the solutions is to utilise polymer belt with antimicrobial 
function in the production line. Nanocomposites give an 
advantage to food industry by disinfectant equipment or 
spare parts such as the polymer belt that is used to transfer 
and transport the materials. Silver nanoparticles (Ag) were 
incorporated into the polylactic acid (PLA) polymer to test 

for its antimicrobial ability [150]. With the idea of incor-
porating nanoparticles into the polymer belt, it saved the 
cost and time that spent on a large amount of disinfectant 
used and labour sue to its antimicrobial ability [150]. The 
printed polymer belt contained of Ag performed antimicro-
bial activities which was obviously lower if compared to 
polymer belt without Ag as shown in Fig. 7 in the antibacte-
rial test by colony count.

Antimicrobial food packaging is also an interesting aspect 
to study on, since the addition of additives in food packag-
ing can contribute to expanding the shelf-life of a particular 
food product. Among all the antimicrobial additives, silver 
(Ag) and titanium dioxide  (TiO2) nanoparticles are the most 
commonly studies ones since these nanoparticles exhibit 
strong antibacterial performance against bacteria, fungi and 
virus [76, 151], which are the most common pathogens in 
food. For instance, the shelf-life of chicken breast fillet was 
extended when silver-low density polyethylene (Ag/LDPE) 
nanocomposite was used as an antibacterial packaging [152]. 
Silver-polyethylene (Ag/PE) nanocomposite displayed excel-
lent antibacterial activity against meat-spoilage bacteria such 
as Leuconostoc gelidum subsp. Gasicomitatum and Lacto-
coccus piscium [153]. In the application of rice packaging, 
silver-titanium dioxide (Ag/TiO2) was incorporated into the 
PE polymer which displays excellent antimicrobial activity 
against Aspergillus flavus [154].

4.4.4  Wastewater treatment

In developing countries, where the human population 
increases, tourist hotspot and hotspot for manufacturing 
goods, water pollution is often not handled well and dis-
charged into the water mainstream such as the sea and river. 
Polluted water affects the quality of life of human and aque-
ous living organisms. It also causes infections in human such 
as cholera that is caused by bacterial contamination from 
the water source. Even though various method such as chlo-
rination, chemical coagulation and chemical absorption had 
been adopted to remove these bacterial contaminants and 
chemicals, some chemicals are difficult to remove through 
these ordinary methods [155].

In the previous study, anatase  TiO2 nanoparticles with 
the size < 25 nm is used since it is a great photocatalyst to 
degrade pollutants [156]. Anatase phase  TiO2 nanoparticles 
were used rather than rutile because supported anatase can 
produce more hydroxyl radicals compared to rutile phase 
on the activated carbon [156]. Polyethylene (LDPE) was 
chosen to be the host material to hold the nanosized  TiO2 
as it has a lower density than water so that it can float on 
the surface of the water. The idea to use a floating material Fig. 7  Comparative antimicrobial result. A Plated on Plain PLA disc 

for 4 h. B Plated on 2.5 wt% PLA disc for 24 h [150]
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gives accessibility for the  TiO2 to be exposed to ultra-violet 
(UV) radiation which is contributed from the solar radiation. 
Furthermore, most of the pollutants floats on the surface of 
the water which is corresponding to the floating material. 
With the presence of  TiO2 anatase as photocatalyst, the rate 
of degradation of the pollutant increased to 8% in two hours 
due to photocatalysis of  TiO2 under UV radiation, therefore, 
increasing the formation of hydroxyl radicals and hence the 
removal of methylene blue (MB). This is proven with the 
production of cellulose membrane incorporated with  TiO2 
for photodegradation of organic dye [56, 57].  TiO2 as cata-
lyst in embedded form is more sustainable because it is reus-
able and recyclable. This is proven with the production of 
cellulose membrane incorporated with  TiO2 for photodeg-
radation of organic dye [56, 57].

It is well-known that silver possess an excellent antimi-
crobial property especially targeting drug-resistant gram-
negative bacteria [157] whereas titania possess outstanding 
photocatalytic performance [156]. Titania nanoparticles 
was embedded into the silver matrix to produce 3-D printed 
micro-device that is applicable to environmental anti-
microbial activities [73]. The antimicrobial activity was 
tested against Staphylococcus aureus by colony-forming 
unit (CFU) and the photocatalytic performance was tested 
against a model dye Rhodamine B (RhB) under ultraviolet 
(UV) irradiation using the printed micro-device. The viabil-
ity of bacteria decreased from 62 to 22% compared to the 
uncoated specimen. Meanwhile, the micro-device containing 

nanoparticles showed an improvement of dye degradation 
for 6 times higher compared to the one measured with-
out device [73]. This proposed micro-device is suitable in 
applications that requires both antimicrobial and removal 
of contaminants.

3-D printed nanocomposites play an important role in 
various applications. Nanocomposites which comprised of 
two or more types of materials can produce end product with 
unique characteristics and added-value functionality. Table 6 
summarizes the advantages of nanocomposites that used in 
various applications.

5  The drawbacks of nanocomposite in 3‑D 
printing

The current selection of materials set certain boundaries 
for the additive manufacturing. There might be more func-
tionalities needed to explore since new applications are 
increasing with the developing technologies especially to 
produce 3-D printed composites. Meanwhile, the produc-
tion of 3-D printed composites often suffers from problems 
such as inhomogeneity of solution or mixture, difficulties 
in controlling viscosity, necking after the printing and etc. 
Ultrasonication, mechanical stirring, precipitation and melt-
mixing are methods used to form composite material [168]. 
Shrestha [150] reported the drawback of the research is 
that the Ag nanoparticles will be stuck at the 3-D printer 

Table 6  Summary of 3D-printed nanocomposites used in various research on 3-D printing technology

Polymer Nanoparticle Field of application Method of printing Advantages References

PVDF BaTiO3, CNT Energy storage FDM Improves dielectric property of the nano-
composite

[21, 158]

Nylon 12 (PA 12) SiO2-F Robotic, water treatment SLS Provide water repellent characteristic
Enhances locomotion under the aqueous 

environment

[141, 159]

PEGDA PDA Detoxification device DOPsL Able to capture toxins using PDA nanopar-
ticles

No accumulation of nanoparticles in human 
body

[20, 160]

Hydrogels TPO Biomedical SLA Strong weight scaffold that is suitable for 
implants

[143, 161]

PMMA CNTs, HAp Biomedical FDM High mechanical strength
Promotes cell growth

[144, 162, 163]

Hydrogel SiO2 Biomedical N/A Enhances bone forming ability
High tensile strength
Resistant to corrosion
Biocompatible to human tissues

[146, 164]

PLA Ag Food N/A Incorporation of nanoparticles provide 
antimicrobial to the polymer belt

[150, 165]

LDPE TiO2 Water treatment FDM Able to float on water for sunlight exposure 
to the nanoparticles

[166, 167]

Ag TiO2 Water treatment SLA Dual functionality of acting as photocatalyst 
and antimicrobial

[73, 167]
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nozzle once the amount is 5 wt% or more. Theoretically, 
the higher the nanoparticles, the better the performance of 
the particular functionality. Nevertheless, the percentage of 
nanoparticles is required to keep at the optimum level to 
minimize the problem of blocking at the nozzle. The con-
centration of nanoparticles incorporated must be adjusted to 
avoid agglomeration formation during the printing process 
meanwhile the composite able to exhibit its enhanced prop-
erties [169]. On top of that, not all the printing techniques 
are ideal as some of the resolution of printing techniques 
are not high enough to meet the minimum requirement of 
the printed objects. There are 3-D printers that are printing 
at low speed and clogging issues may arise at the nozzle. 
The nozzle may also experience wear and tear issues after 
repeating process of printing for few times thus affecting 
the resolution of the printed object. The best concentration 
of additive is desired to figure out which compatible with 
the speed and temperature of the 3-D printers preceding the 
printing process.

Despite of the limitations mentioned above, researchers 
have been optimizing the homogeneity of the nanocomposite 
printing ink by various method. In the report by Chidam-
baram and the team members, it was suggested that solu-
tion blending is the most popular method to blend differ-
ent compounds together. This method is able to control the 
homogeneity of the nanocomposite [118]. In the report, 25 
wt% of the aluminium oxide  (Al2O3) nanoparticles were 
successfully incorporated into the cellulose acetate (CA) 
polymer. This homogeneity of the incorporated nanoparti-
cles was confirmed through a scanning electron microscope 
(SEM) and atomic force microscopy (AFM) analysis. The 
incorporation of  Al2O3 into the polymer matrix enhances 
the dielectric properties three times greater than using the 
CA film alone, along with increased thermal stability [118]. 
In another research to produce light-weight material for 
metal-based industry, 30 vol.% of titanium diboride  (TiB2) 
and titanium carbide (TiC) nanoparticles was successfully 
incorporated into the aluminium (Al) and magnesium (Mg) 
matrix through a similar process which is mechanical mixing 
for a few hours [119]. Besides solution blending, it was also 
reported in a few researches that solid-state shear milling 
technique can also enhance the dispersion of nanoparticles 
in the polymer matrix [170–172]. It is a new technique that 
involves grinding of additive and polymer below the melt-
ing point of the polymer to maintain the solid state of the 
polymer. High shear will cause fragmentation of the polymer 
thus promoting uniform dispersion of nanoparticles in the 
polymer. This method does not involve the use of expensive 
or dangerous solvents, and also does not change the proper-
ties of the polymer since the process is thermally controlled 
beyond its melting point [172].

There is a study reported that the nozzle abraded on the 
surface and inside the body of the objects during printing 
as the nozzle attached to the printing object. The degrada-
tion of the nozzle has affected the resolution which may 
also affect the functionality and the appearance of the object 
[114]. Since composite requires mixing of different materi-
als, properties such as viscosity will affect the printability 
of the final object. Some printing methods require higher 
viscous of printing ink such as the extrusion-based print-
ing. If low viscous printing ink is used in extrusion-based 
printer, the product will lack in shape [168]. However, high 
viscous printing ink is also another issue since it may cause 
clogging at the nozzle. It should also be noted that higher 
extrusion temperature is required if nanoparticles were 
incorporated into the polymer since the increment of melt 
viscosity requires higher extrusion temperature. These fac-
tors may be the reasons for some of the manufacturers are 
still adopting traditional manufacturing. The experimental 
test on viscosity of printing ink is required prior to the exact 
printing process. This experiment may be conducted with 
the change of other factors such as speed of printing, tem-
perature and concentration of the printing mixture/ solution.

Regardless of the ready 3-D printers, the discovery from 
the engineers are more appreciable in terms of invention of 
new improved 3-D printer models. The design of the printers 
not only depends on the ordinary factors but also types of 
additives to be added such as suitable irradiation, targeted 
end product as composite or additive embedded materials, 
temperature to achieve in-situ chemical reaction if the end 
product is composite, possible of treatment to be done in the 
3-D printer just after the printing process as listed in Fig. 8.

6  Conclusion

In this review, the advancement of 3-D printing in vari-
ous fields has been identified. By looking at the unlimited 
and high potential application of 3-D printing, continuous 
researches should be permitted and explored especially 3-D 
printed nanocomposites. The incorporation of nanoparticles 
has proven to create and build more functional products. The 
incorporation of nanoparticles has many added-values such 
as acting as a filler to increase the mechanical properties, 
improve the dielectric properties and even biological prop-
erties of the printed products. This review also provides the 
information to the manufacturers and researchers to encour-
age the enhancement of 3-D printing in terms of sustain-
ability and recyclability of the system. Last but not least, 
study should be carried on to overcome the drawbacks of 
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3-D printed nanocomposites as discussed. It is believed that 
the innovation and invention by engineers to design specific 
3-D printer for nanocomposites could reduce or avoid the 
problems crossed the barriers of limitation nowadays. 3-D 
printing is an important aspect to explore because it will 
revolutionize the future of development and could generate 
much income in various sectors. However, current limita-
tions exist such as the lack of operation expertise and the 
cost of producing 3-D printed goods. We are aiming to have 
more amazing implementations of 3-D technology in the 
upcoming years.
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