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This paper deals with the state of the art of the mechanical, thermal and electrical properties of polymer
filament reinforced with nanoparticles and their classification for FDM 3D printing. There can be numerous
properties that are needed to be improved, but strength and elongation are considered the most effective
ones to enlarge the utility of additive manufacturing. To improve mechanical, electrical, thermal properties
of the components fabricated by FDM 3D printing, composites and nanocomposites like carbon nanotubes,
graphite nanoplatelets, glass fiber, carbon fiber, multi-walled carbon nanotubes, montmorillonite clay, gra-
phene are used as an additive with a thermoplastic polymer. The popularly known thermoplastics polymers
that can be used with nanocomposites are ABS and PLA because of their low melting point. This study at-
tempts to contribute various properties of smart filament with nanocomposites that are used in 3D printing
techniques. The advancement of printable polymer nanocomposites is enlarging the 3D printing filaments
envelope, by which fabrication of parts is possible with complexity and multifunctionality.
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1. INTRODUCTION

Additive manufacturing is a joining process of materi-
als by a series of 2D layers from digital files [1]. It does not
require moulding/pattern and other various tools. This
technology initiates the advancement of digital fabrication
through engineering that involves computers [2]. Additive
manufacturing is known as 3D printing, is a term that
relates to technology for layer addition manufacturing.
AM techniques open up new chances of greater productiv-
ity, lower cost and improved quality in leading production
areas [3]. It differs from subtractive manufacturing like
casting, grinding, milling, etc. [4-9]. In this technology,
objects are fabricated directly from the digital file and no
further machining or finishing process is required [10-13].
3D printing can build a structure of greater strength and
complex shape, so it attracts the attention of industries
and finds various applications because it uses a variety of
applicable substances like ceramics, thermoplastic poly-
mer, etc. [14]. AM also helps in improving the state econ-
omy and contributes to a sustainable development goal
that is accountable for manufacturing [15, 16]. Implemen-
tation of feasible rules in production is not an easy task
which leads companies to take an unclear decision so it is
crucial to acknowledge the long-lasting influence of fabri-
cation technology which is selected and utilized [17, 18].

Deswal et al. analyzed the various process parame-
ters to improve the properties of the parts that are fabri-
cated by thermoplastic filament [19]. Many researchers
have verified and optimized the result using algorithm
techniques [20-23]. Printable biomaterials are made by
biodegradable materials for sustainable 3D printing and
find their application in the medical industry [24].

Significant aspects affecting the object performance
and various characteristics of fused deposition model-
ing printed parts are shown in Fig. 1. These are the
density, type of material, filament quality, water con-
tent etc. of raw material, nozzle temperature, bed tem-
perature etc. of FDM printer, humidity, oxygen content

PACS numbers: 61.46.Np, 81.05.Qk

as an environmental factor, infill density, layer thick-
ness etc. are process parameters. The most affecting
factors are the properties of raw material because the
part which is being fabricated is made up of the same
material, hence it possesses the same properties.
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Fig. 1 — Significant aspects affecting the object performance
and various characteristics of FDM printed parts

It is noted that specific materials are required for
different techniques of additive manufacturing so the
material envelopes for AM are somewhat limited. This
is the reason that conventional polymer is restricted for
high-performance applications. Hence, it became essen-
tial to develop a material with improved properties to
the extent the potential of 3D printing. Such high per-
formance can be accomplished by advancing composite
filament that is adaptable to the 3D printing process.
The research objectives of present study are:

v To classify the polymer composite and polymer
nanocomposite based on 3D printability.

v' To study the effect of nanoparticles on mechanical
properties of 3D printable polymer composite fila-
ment.

The results were presented at the International Conference on Multifunctional Nanomaterials (ICMN2020)
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2. POLYMER COMPOSITE AND POLYMER
NANOCOMPOSITE CLASSIFICATIONS ON
THE BASIS OF 3D PRINTABILITY

Composite material is advanced by accumulating
long or short fiber to thermoplastic polymers to attain
higher mechanical properties. Classification of polymer
composites and polymer nanocomposites on the basis of
3D printability are shown in Fig. 2. The polymer com-
posite filament is made by combination of two or more
constituent substantial with notably distinctive physi-
cal or chemical characteristics that, when joined, create
a suitable filament possessing valid characteristics that
are different from individual material.

Area of such materials widely expanded with the
swift advancement of fiber-reinforced polymer compo-
sites as they possess marvelous properties like strength
to weight ratio, corrosion resistance, lightweight [25].
As they possess great mechanical properties and chem-
ical resistance, so they are widely used in the aerospace
and automobile industry. It is noted that chopped com-
posites are simple to develop but continuous composites
filaments have greater tensile characteristics [26].

Polymer nanocomposites are those in which nano-
scopic particles (inorganic), of size between 10-100 Ain
at least 1D, are distributed in a polymer matrix (organ-
ic) to intensely enhance the functional characteristics
of the filament. Nanoscopic particles (inorganic) are
nanofillers or functional additives are used as rein-
forcement in the polymer matrix. Polymer nanocompo-
sites became popular because of the so-called nanoef-
fect. Even a small amount of nanofillers can improve
the properties like thermal, mechanical, electrical, op-
tical or chemical [27].
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Fig. 2 — Classification of polymer composites and nanocomposites

2.1 Nanocomposite Materials for FDM
Additive Manufacturing

ABS and PLA are the general thermoplastics for
FDM AM having bulk strengths between 35 to 95 MPa
and elastic moduli between 1.4 to 3.5 GPa. Elastic modu-
lus generally increases and elongation or strain at break
is decreased due to the nanoeffect of nanoparticles [28].

2.1.1 Single-walled and Multi-walled Carbon
Nanotube Nanocomposites

3D printing unlocks the manufacturing of parts
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that are utilized in the electronic industry in a simpli-
fied process with cost-effective and design variation.
For accessing such functionality, material evolution is
the key ingredient.

Carbon fiber and carbon black as additives enhance
the electrical application and structure reinforcement
respectively. The advancement of carbon nanotube
nanocomposites printable filaments for 3D printing
gains popularity in the electronic industry due to the
high electrical conductivity of carbon nanotube [29].
Non-functionalized carbon nanotubes are used to con-
serve electrical conductivity. Dispersion of the carbon
nanotube is essential for the optimum filament perfor-
mance and printing process so that it may not obstruct
the printer nozzle [30].

2.1.2 Graphene Nanocomposites

Graphene nanoplatelets consist of small stacks of
graphene sheets that can substitute carbon fiber, car-
bon nanotubes. As it has a 2D set structure causes
greater strength, thermal and electrical characteristics
hence such type of nanofillers has been used as multi-
functional reinforcement [31].

Graphene improves the conductivity as well as the
strength of the component. These components find
their application in the electrical industry [32]. Gra-
phene has properties like small resistivity, brilliant
thermal conductivity, transparency and greater elec-
tron mobility which makes the part more stable. In
comparison with graphene-based materials, carbon
nanotube nanocomposites have a smooth surface and
tensile behavior [33].

3. EFFECT OF NANOFILLERS ON THE
PROPERTIES OF POLYMER COMPOSITES

The properties of ABS nanocomposite reinforced by
inorganic nanofillers: multi-walled CNTs are compared
with pure ABS. The filaments are processed by extru-
sion by twin screws and 1 wt. % content is fixed for
NWCNTs. It is observed that parts that are fabricated
with nanoparticles exhibit greater tensile strength,
flexural modulus than thermoplastic polymers [28].

ABS with graphene nanocomposite material is pro-
duced by a non-solvent process firstly, in an internal
mixer and secondly, by twin-screw material extrusion.
Tensile strength is computed at 2, 4 and 8 wt. % of gra-
phene content and optimization was done for graphene
concentration by analyzing behavior and tensile
strength [34]. As the graphene content increases,
Young's modulus increases but ultimate strength (ten-
sile) decreases. Reason for the decrease in ultimate
strength is the bond between the polymer with nano-
composites is not that strong.

To balance between rheological and tensile proper-
ties, 4 wt. % graphene was selected for printing [32].
Elastic modulus and ultimate strength values for pure
ABS and ABS with different loading of graphene nano-
platelets nanocomposites are shown in Fig. 3.

4. DISCUSSION AND FINDINGS

The observed effect for nanoparticles as reinforce-
ment is, increases in Young's modulus and a decrease in
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BJIACTHBOCTEN KOMIIOHEHTIB, BUToTOBJIeHHX MeTogoM FDM 3D mpyky, ik m00aBKM BUKOPUCTOBYIOTH KOMIIO3H-
TH T4 HAHOKOMITO3UTH 3 TEPMOILJIACTUYHNIM II0JIIMEPOM, TaKl AK ByTJIeIleBl HAHOTPYOKHU, rpadiToBl HAHOILIAC-
TUHKH, CKJIOBOJIOKHO, ByTJIeIleBe BOJIOKHO, 0araToCTIHHI ByIJIelleBl HAHOTPYOKHU, MOHTMOPIJIOHITOBA TJIMHA Ta
rpaden. 3araabHOBIIOMUMY TEPMOILIACTUYHUME I0JIIMEPAMHU, K1 MOKHA BUKOPHUCTOBYBATH 3 HAHOKOMIIO-
auramu, € ABS ta PLA 3aBnsaku ix HU3BKIN TeMItepaTypi IJIaBIeHHs. Y [EOMY J0CTiKeHH] poOUThCs cripoba
3po0UTH BHECOK Y Pi3HI BJIACTHUBOCTI CMaPT-BOJIOKOH 3 HAHOKOMITO3UTAMH, SIKI BUKOPUCTOBYIOTHCS B TEXHOJIO-
risix 3D apyky. PosBuTor mpumatHUX IS APYKY MOTIMEPHUX HAHOKOMIIO3UTIB 30LJIBIIYE 000JI0HKY BOJIOKOH
st 3D npyky, 3aBAsIKK YOMY BUTOTOBJIEHHS JIETAJIEH CTae CKJIATHUM Ta 6araToQyHKITIOHATIHHIM.

Knrouogi ciosa: Ilomimepni nanorommosutu miist 3D npyry, FDM, I'paden, Byrmienesi nanorpyoxu, Hamo-
HATIOBHIOBAYI.
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