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Thermoplastic nanocomposites are fabricated without using solvents, i.e., by the melt extrusion method, and for

this reason, this category of materials has a distinct advantage over thermoset nanocomposite materials. By using

thermoplastic nanocomposites for fabricating engineering products, sustainability can be improved significantly.

In addition, by adopting the additive manufacturing method, the wastage of materials can be reduced. In this

short review, we report and compare the mechanical/thermomechanical properties of various 3D-printed

thermoplastic nanocomposite materials. Structural integrity under operating conditions must be considered

when designing electrical, electronic, or load-bearing components/products. Understanding the

mechanical/thermomechanical behavior of the nanocomposite material before the design stage of the

component/product is an important phase. A material having the combination of suitable properties can be

selected according to the operating conditions. These nanocomposites are multifunctional, and a variety of

applications can be developed, such as biodegradable electrical conductors, wearables, energy harvesters,

antistatic closures, and bio-implants.

Corresponding author: M. Thiruchitrambalam, thirucbe2014@gmail.com

I. Introduction

Additive manufacturing, or 3D printing, evolved from rapid prototyping  [1]. Various materials can be used for 3D

printing, i.e., thermoplastics, thermosets, metals, alloys, ceramics, and composite materials. Among the plastic

materials, thermoplastics are used in preference to thermoset materials because they can be recycled, material and

tooling costs are relatively low, and solvents are not used during fabrication. Nanocomposite materials can be

tailored, and multifunctional products can also be developed using such materials. A detailed literature survey was

carried out based on articles published during the last six years on topics related to the 3D printing of thermoplastic

Qeios

qeios.com doi.org/10.32388/Q8EF9H 1

mailto:thirucbe2014@gmail.com
https://www.qeios.com/
https://doi.org/10.32388/Q8EF9H


nanocomposite materials and the mechanical/thermomechanical properties of such materials. Data extracted from

the recent literature have been categorized, compared, and presented in this article. Researchers and engineers may

find this article useful when planning further research or developmental work. The mechanical/thermomechanical

properties of thermoplastic nanocomposites depend on the following factors: properties of the matrix and filler,

distribution of the fillers, functionalization of the fillers, and processing method [2].

Sustainability Developmental Goals and Additive Manufacturing:

The United Nations has set 17 sustainability goals to be achieved by 2030. The three pillars of sustainability are

environmental, economic, and social. By evaluating various aspects related to these pillars, businesses can reduce

environmental pollution, implement fair business practices related to employees and society, and also create

economic value [3]. The manufacturing industries can improve sustainability by using modern technologies such as

Additive Manufacturing (AM), Artificial Intelligence (AI), the Internet of Things (IoT), Data Analytics, Machine Vision,

and other related technologies [Mohd. Javid 2022]. Additive manufacturing or 3D printing technologies are useful in

attaining the following sustainability goals: SDG 12 – promoting responsible production and consumption, SDG 9 –

industry, innovation, and infrastructure, SDG 3 – good health and well-being, SDG 4 – quality education, and SDG 14

– life below water [4].

II. Thermomechanical Properties and Crystallinity

PLA (Polylactic acid) matrix nanocomposite 3D-printed specimens were used for determining the thermal behavior

of PLA–CaCO3 nanocomposites [5][6]. In the case of PLA–0.5% CaCO3, when the printing speed increased from 20 to

60 mm/s, the crystallinity decreased from 3% to 0.25%. When the printing speed was fixed and the composition was

changed from 0.5% to 1% CaCO3, the crystallinity increased.

DSC tests were performed to understand the effect of co-continuity on the degree of crystallinity, and it was observed

that a hybrid composite containing [7] 90% of a (PLA 65/PCL 35) blend and 10% graphene exhibited the highest level

of crystallinity in both phases, i.e., PLA and PCL. The presence of PCL acted as a nucleating agent. The crystallinity of

the PCL in the co-continuous composite increased to 58.5% in comparison to the neat PCL’s crystallinity of 49.5% due

to the presence of a continuous graphene network.

For scaffolds made of PLA–nano carbonated hydroxyapatite (CHA) fabricated by a 3D printing method [8], when CHA

was 5%, crystallinity increased marginally, but for 10%, it improved considerably. Due to the presence of CHA, the

thermal degradation of scaffolds (during fabrication) was reduced significantly.

PLA–carbon nanopowder filaments [9] were fabricated and characterized, and the Differential Scanning Calorimetry

results indicated that Tg increased from 50.35 0C for neat PLA to 62.17 0C for the nanocarbon composite.
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Zahid Sarwar et al. fabricated filaments and membranes made of PEBA-graphene nanocomposite  [10]. DSC tests

indicated that due to the addition of graphene to the PEBA block copolymer, the crystallinity improved significantly;

for example, in the case of a filament having a composition of 0.2% paraffin and 0.4% graphene, the crystallinity was

25.5%, whereas for neat PEBA, it was only 6.96%. In the case of membranes, for the composite having the same

composition, it was 10.58%. TGA (Thermogravimetric Analysis) studies indicated that due to the addition of

graphene, the decomposition temperature increased.

William K. Ledford and S. Michael Kilbey II  [11]  synthesized novel copolymer (UPyMA)-grafted silica nanoparticles

(CPGNP) and used them to reinforce PMMA (Poly(methyl methacrylate)), which resulted in improved mechanical

properties (Table 1) of the 3D-printed parts. CPGNPs were synthesized by two different methods, i.e., mechanical

mixing (MM) and solution mixing (SM); the nanoparticles synthesized by the latter method could be well-dispersed

easily in the PMMA matrix. DMA (Dynamic Mechanical Analysis) test specimens were fabricated by a 3D printing

method. The Young’s modulus of the composite containing CPGNP prepared by the solution method exhibited a

higher Young’s modulus in comparison to MM samples, as shown in Table 2D, and the storage modulus was the

highest of all the reported values.

E MPa E΄ or G΄ MPa

Neat PMMA 1225 1325

PMMA + 10% UPyMA-CPGNP 1800 1802

Table 1. Young’s Modulus and Storage Modulus
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Polymer

nanocomposite

Tensile

strength

MPa

%

increase

Tensile

Modulus

MPa

%

increase

Flexural

strength

MPa

%

increase

Flexural

Modulus

MPa

%

increase

Impact

Strength

kJ/m2

%

increase
Ref

PLA – 0.5%

Nano CaCO3
34.1 0.65 2662 10.7

Tensile properties correspond to a specimen with a filling

ratio of 75%, printing speed of 40 mm/s, and a printing

orientation of 0°

[5]

PLA – 4% TiN

(filament)
51.7 29 900 24.7 [12]

PLA – 4% TiN

(3D printed)
63.2 43.4 3478 21.4

107.8

ASTM

D790

51.5 3600 34.8 4.1 58% [12]

PLA – 2.5%

Carbon black
51.3 5.9 316.5 6.8 92.4 38.3 2940 31.3 4.31 4.1 [13]

PLA – 8% Nano

silica

55.78

ASTM

D638

57.5 59.06 39.5 5.4 92.8 [14]

PLA – 2% GNP 67 43.6 2050 21 160 28.5 [15]

PLA – 1% CNT 49.7 2 2927 0.2
Elongation at break: neat PLA (7.35%), PLA – 1%

CNT (4.73%)
(-35.6) [16]

PLA – 1% CNT

+ 30% carbon

fiber

59.98 ---- 12120 --- ---- [16]

PLA – 0.75%

CNT + 30%

carbon fiber +

OLA plasticizer

Specific Tensile strength 35.1 (Nm/kg), Tensile Modulus 10720 MPa - build/printing

orientation - 0°

Specific Tensile strength 23.5 (Nm/kg), Tensile Modulus – 6530 MPa - build/printing

orientation - 90°

---- [16]

PLA – 10%

nano pyrolytic

carbon

52 -16.2 [17]

PLA – layered

silicate

nanocomposite

59.4 --- 1397 --- ---

Properties vary with respect to printing

temperature and printing speed; only the

highest values of tensile strength and

tensile modulus are reported here

[18]
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Table 2A. Tensile, Flexural, and Impact properties (Filament/3D printed specimens – % increase is reported with respect to

neat/virgin thermoplastic material)
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Polymer

nanocomposite

Tensile

strength

MPa

%

increase

Tensile

Modulus

MPa

%

increase

Flexural

strength

MPa

%

increase

Flexural

Modulus

MPa

%

increase

Impact

Strength

kJ/m2

%

increase
Ref

ABS – 4% WC 42.6 29.4 288 32 63.9 20.4 2120 20.4 11 -46 [19]

ABS – 0.2% rGO

(Solvent Mixing

method) -

filament

39

neat

ABS 35

MPa

[20]

ABS – 10%

MWCNT

(filament)

45 45 610 90.6 -- -- --- ---- [21]

ABS – 10%

MWCNT
42 35.7 950 44 70 62.8 2950 84 [21]

ABS – 6% TiN

(filament)
34 14 700 16.7 The tensile test was conducted according to ASTM D3822.  [22]

ABS – 6% TiN 40.1 18 27.2 22.2 66.1 36.9 2400 41.2 19.5 -14.1 [22]

ABS – 20 PBT –

0.5% CNT
36 23.3 - ---- 59 40.8 2400 47.2 6.4 30.6 [23]

ABS – CNT/CNC

Printing

orientation 45°

34 81 2100 50 46 4.5

Interlaminar shear strength – for neat

ABS is 6.5 MPa and for ABS-0.5% CNT is

12 MPa – ASTM D2344

[24]

ABS – 5% nano

CaCO3

(Triangular fill)

28 133 2150 126 [25]

ABS – 6%

MWCNT

(filament)

47.1 10.1 2625 1.8 [26]

ABS-6%

MWCNT

printing

orientation 0°

44.9 8.5 2735 22.4 [26]

ABS – 5% ZnO 27.8 600 48 1520 [27]
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Table 2B. Tensile, flexural, and impact properties (Filament/3D printed specimens) – (% increase is reported with respect

to neat/virgin thermoplastic material)
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Polymer

nanocomposite

Tensile

strength

MPa

%

increase

Tensile

Modulus

MPa

%

increase

Flexural

strength

MPa

%

increase

Flexural

Modulus

MPa

%

increase

Impact

Strength

kJ/m2

%

increase
Ref

PA 12- 2.5%

PEG – 5%

AgNO3

(filament)

43.5 238 260 35 [28]

PA 12- 2.5%

PEG – 5%

AgNO3 – 3D

printed

41.8

(ASTM

– 638 –

02a)

26 160 43.2

57.2 –

ASTM

D790-

02

26 1310 44 9.9 -12% [28]

PA6 – 1% GNP

(NH2

functionalized)

23 130 950 260 47 327 1400 460 ----- ------ [29]

PA6 – 1% GNP

(NH2

functionalized)

– 11%

(continuous)

Kevlar fiber

87 770 4400 1660 95 3100 1140 ------ ----- [29]

PA – 6% GNP 40.8 9.7 2540 61.8 46.3 36.5 1190 54.5 7.93 -22 [30]

PA12- 5%

MWCNT
49 40 187 32 56 55 1120 55.6 [19]/110

PC – 2% AlN –

filament
61.7 27.6 1014 24.4 [31]

PC – 2% AlN –

3D printed
70.4 32.8 347 24.1 84 -1.2 1700 -0.1

13.5 – 3.8 ASTM-

6110-04

[31]

PC – 0.5%

cellulose

nanofiber

69.2 10 281.7 2.7 94.2 3.3 1800 1 18.2 12.5 [32]

PC – 2% SiC 63.4 19.6 301.6 7.9 102 9.6 1900 11.7 16.4 35.9 [33]

PC/ABS (70/30)

– 0.8%

Graphene

32.2 57 Fracture strain for PC/30% ABS is 1.2% and for PC/30% ABS-0.8% is 0.57% [34]
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Polymer

nanocomposite

Tensile

strength

MPa

%

increase

Tensile

Modulus

MPa

%

increase

Flexural

strength

MPa

%

increase

Flexural

Modulus

MPa

%

increase

Impact

Strength

kJ/m2

%

increase
Ref

HDPE – 1%

MWCNT

(functionalized)

– filament – 3

times recycled

17.4 9.4 831 23
Fracture strain for the as-prepared filament is 89.2% and for

the filament (3 times recycled) is 108.4%

[35]

3D printed-

HDPE – 1%

MWCNT – 3

times recycled

25.5 67.8 1630 97.8
Fracture strain for the as-prepared filament is 7.64% and for

the filament (3 times recycled) is 4.7%

[35]

Table 2C. Tensile, Flexural, and Impact properties (Filament/3D printed specimens) – (% increase is reported with respect

to neat/virgin thermoplastic material)
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Polymer

nanocomposite

Tensile

strength

MPa

%

increase

Tensile

Modulus

MPa

%

increase

Flexural

strength

MPa

%

increase

Flexural

Modulus

MPa

%

increase

Impact

Strength

kJ/m2

%

increase
Ref

TPU – 3%

MWCNT

(filament)

Tensile stress is 47.7 MPa when the strain is 300% [36]

TPU – 10 wt%

biochar (film)
38 111 Dart Impact Strength – 48.4 g (ASTM – D1709) [37]

PEBA – 0.4

Graphene – 0.2

Paraffin liquid

(filament)

21.06 -0.33 77 7.5 Fracture strain – 526% [38]

Poly EMMA –

0.1% MWCNT

35

Notched
6.1 341 13.7 [39]

PEEK – 1%

Graphene
139 25 2676 25 [40]

PEI – 5%

MWCNT

(filament)

97 -6.45 3310 55
Fracture strain for the neat PEI is 57% and for PEI-5% CNT is

2%

[41]

PMMA – 3%

Nanosilica

(Solution

Mixing Method)

52 147% 198 -1% 98 2.3 [42]

Table 2D. Tensile, Flexural, and Impact properties (the values reported for the “% increase” are with respect to the

respective neat or virgin polymer/plastic)

TPU – Thermoplastic Polyurethane, PEBA- Polyether block amide is a thermoplastic elastomer, PEEK – Polyether Ether

Ketone, PEI – Polyetherimide
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Polymer

nanocomposite

Tensile

strength-

neat

polymer

MPa

Tensile

Strength

Composite

MPa

Fracture

strain-

neat

polymer

Fracture

strain-

Composite

Compressive

strength neat

polymer

MPa

Compressive

strength

Composite

MPa

Vicker’s

Micro

Hardness

neat

polymer-

Vicker’s

Micro

Hardness

composite

Ref

PLA – 4 % TiN

(3D printed)
40.2 63.2 20 % 18 % [12]

PLA – 2.5 %

Carbon black
44.1 51.3 20 % 20 % [13]

PLA – 8 %

Nano silica

35.4

ASTM

D638

52 7 12 [14]

PLA – 2 %

Graphene
47 67 8.2 14.3 [15]

ABS – 4 % WC 35 42.6 20 % 25 % 48.4 60.9 12.5 16.1 [19]

ABS – 5 % ZnO 26.4 27.8 4 7 0.38 0.27 [27]

PA 12 – 2.5 PEG

-5%AgNO3
35.1 43.5 4.5 % 1.1 % 37.1 46.1 10.7 13.5 [1]

Table 2E. Compressive Strength – Hardness

for the composite reinforced with CPGNP-SM. The storage modulus increased with increasing CNGNP content.

PP (Polypropylene)-Al2O3 nanocomposite filament reinforced with [43] nano alumina (0.5, 1, 2, and 4 wt %) and later

specimens for DMA were fabricated using a 3D printer. A composite with 2 wt % exhibited the highest damping

capacity, i.e., Tan δ. Up to a temperature range of 90-1000°C, the Tan δ values increased; when T > 1000°C, it

decreased, indicating the softening of the composite.

PP-SiO2 nanocomposites were fabricated  [44], and it was observed that the PP-2% SiO2 composite exhibited the

highest storage modulus. For a composite with 4% SiO2, the storage modulus decreased in the low-temperature

range, i.e., 30°C to 60°C. An increase in storage modulus indicates that the interfacial adhesion improved. PP-TiO2

nanocomposites[45] also exhibited similar behavior to PP-SiO2 nanocomposites during dynamic mechanical analysis.
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While recycling HDPE (High-Density Polyethylene)-MWCNT filament  [35], after each attempt, the crystallinity

increased, i.e., it increased after the first attempt, further increased after the second recycling, and further increased

after the third recycling attempt. The degree of crystallinity of the printed specimens is higher than that of the

filament because of the slow cooling and, in consequence, additional crystallization during 3D printing.

In the case of polycarbonate nanocomposites reinforced with 1, 2, and 3 wt % nano TiC, there was not any significant

change in the storage modulus, loss modulus, Tg, and Tan δ in comparison to the neat PC, i.e., according to the DMA

test conducted according to the ASTM (American Society for Testing and Materials) D4065-12.

In the case of Polycarbonate–cellulose nanofiber composites, after a DMA test, it was observed [32]  that the storage

modulus increased by 100% and the tensile strength increased by 10% for a composite containing 0.5 wt % cellulose.

Due to the strong adhesion of CNS to PC, the relative movement of polymer chains is restricted, and due to this, the

tensile strength and storage modulus increased.

In the case of PA 12 (Nylon)–MWCNT composites, a DMA test was conducted according to ASTM D4065-12, and the

results indicated that with increasing MWCNT content, the storage modulus increased up to 5% MWCNT and then

decreased. Flame-retardant PA 11-nano alumina was developed by William P. Fahy et al. [46]. Microscale combustion

calorimetry was conducted according to ASTM D 7309–2007. The addition of functionalized alumina resulted in a

higher (onset of) level of heat release temperature and thermal stability.

The presence of graphene in the PA6 (Nylon) matrix [30] considerably reduced the peak crystallization temperature;

for example, for the neat PA6, it was 171.62°C, and it decreased to 159.23°C. Upon the addition of 6% graphene, the

crystallinity increased by 115%. Crystallization plays an important role in improving the mechanical properties, i.e.,

tensile strength, tensile modulus, flexural strength, and flexural modulus, as shown in Table 2C. The role of

crystallinity in the electrical properties is not clearly understood. This composite can possibly be used for developing

electrostatic discharge applications.

In the case of ABS-based composites, DMA tests indicated that at ~130°C, samples CNT-HC and CNT6-H45 exhibited a

storage modulus 5 times higher than ABS-HC and ABS-H45. It was observed that the storage modulus of 3D-printed

specimens is lower than that of the composite filament, as expected, due to the presence of voids in the 3D-printed

specimens [26].
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Figure 1. a) Horizontal concentric (HC). b) Horizontal 45° (H 45). c)

Vertical – 3D printing orientations.

III. Tribological Properties

PLA matrix nanocomposite pellets containing Graphene and MWCNT (Multiwalled Nanocarbon Tube) were used for

fabricating filaments and then 3D-printed parts  [18]. Scratch and wear tests were conducted, and the Coefficient of

Friction

(COF) was determined. Reciprocating wear tests were conducted using a steel ball. When comparing the COF of

various composites, it was realized that the monofiller composite had the lowest COF values, as reported in Table 3.

For the bifiller composites, the COF was always greater than that of the monofiller composites.

Coefficient of friction (COF) / % decrease in COF with respect to neat PLA

PLA – 2.5 % Graphene 0.06 /167

PLA – 3 % MWCNT 0.075 /158

PLA – 9 % MWCNT 0.062 /118

Table 3. COF of PLA nanocomposites
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IV. Mechanical Properties

PLA is a widely used, semi-crystalline thermoplastic material for 3D printing because of its low melting point,

biodegradability, relatively low cost, and high dimensional accuracy after printing. Various nanofillers have been used

to fabricate PLA composites, including CaCO3[5], carbon black  [13], AlN  [31], SiO2  [14], graphene  [15], carbon

nanotubes[16], pyrolytic carbon[47], layered silicate [48], and short carbon fiber [13]. Of all the 3D-printed composites,

PLA – 8 % SiO2 exhibited the highest tensile strength  [49]. When short carbon fiber is added, the tensile (Young’s)

modulus increases significantly. The highest tensile modulus was exhibited by a PLA-based composite containing 1%

CNT and 30% short carbon fiber, i.e., 12.12 GPa; in comparison, a composite containing 1% CNT exhibited a tensile

modulus of 2.927 GPa, as shown in Table 2A. It can be observed that the impact strength of ABS-WC [23] and ABS-

TiN [22] composites is considerably lower than that of the corresponding neat or virgin plastic materials, as shown in

Table 2B, possibly due to the poor interfacial bond strength, and in all cases, notched specimens were used. On the

other hand, the following composites, PLA-4 % TiN  [12], PLA- 8 % nano SiO2  [14], and PC–nanocellulose

composite [47], exhibited higher impact strength than the neat plastic due to the high interfacial bond strength [50].

PLA-4 % TiN  [12]  exhibited the highest flexural modulus of 3,600 MPa, whereas PLA-2% graphene exhibited the

highest flexural strength of 160 MPa [15].

Mirsadegh et al. have carried out  [5][25]  an extensive investigation on PLA–CaCO3 and ABS–CaCO3 regarding the

tensile and fracture behavior of the 3D-printed specimens. A Taguchi L27 orthogonal array was designed by choosing

printing parameters such as printing speed, printing pattern, layer thickness, and infill ratio. Tensile specimens

having a 100% infill ratio and various infill patterns, such as linear, triangular, and hexagonal, were used while

printing the test specimens, as shown in Figure 2. PLA–CaCO3 nanocomposite can be used as a bioimplant material,

and these data may be useful when designing and fabricating bioimplants.
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Figure 2. Internal Architecture[25]

Mia Corrola et al.  [24]  developed a process for improving the dispersion of CNTs in ABS, as shown in Figure 3.

Crystalline nanocellulose was dispersed in a flask containing deionized water, and then CNT was added. Later, ABS

pellets were added, soaked in the suspension, and then dried and extruded.

Figure 3. Dispersion of CNC & CNT
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Effective dispersion was achieved, as indicated by the significant improvement in tensile strength, Young’s modulus,

and interlaminar shear strength, as shown in Table 2B. It was observed that the printing orientation affects the

properties; significant improvements in the mechanical properties were achieved for the specimens printed at an

angle of 0 deg.

The presence of nanoparticles in the thermoplastic matrix can lead to a significant increase in tensile strength,

tensile modulus, flexural strength, and flexural modulus (Tables 2A, B, C & D) for the following reasons: nanoparticles

restrict the motion of polymer chains, and load is transferred from the matrix to the nanoparticle. The impact

strength of the PLA (Table 2A) and PC (Table 2C) matrix nanocomposites increased in comparison to the neat

polymer, whereas for the ABS (Table 2B) and PA (Table 2C) matrix composites, it decreased. In the case of the 3D-

printed ABS/PBT blend, the impact strength declined by 38% in comparison to ABS for the following reasons: the PBT

blend is immiscible in ABS, PBT has a high sensitivity to notched defects and pores, and the presence of PBT disrupts

continuity. The addition of 0.5% CNT to the ABS/PBT increases the impact strength by 30% in comparison to the

ABS/PBT blend [23].

Although the infill % was 100%, the presence of large voids between the layers can be seen. Functionalization of the

fillers improved adhesion to the matrix, and agglomeration could also be prevented; for these reasons, the

mechanical properties of the filaments and 3D-printed specimens increased. Functionalization of the fillers can

increase crystallinity, and for this reason, the mechanical properties increase[35][29]. Filaments exhibit a higher level

of tensile strength because of the orientation of polymer chains along the length of the filament [D M Higg, 1988, 39]

and due to the presence of fewer defects in comparison to the 3D-printed specimens[28].

In the case of semi-crystalline polymers, such as PLA, PA6, and PA 12, an increase in crystallinity results in improved

mechanical properties [D.M Higg]. It is to be noted that the presence of nanofillers can promote crystallization in the

3D-printed nanocomposites [30].

V. Effect of Functionalization

PLA-2% Graphene composites were fabricated by a solution method, and then the filament was extruded. To disperse

graphene, it was functionalized using L-Arginine, an amino acid  [15]. Functionalization of graphene significantly

improves the mechanical properties of PA6-1% GNP  [37] and PLA-2% GNP, as shown in Table 2A, due to the highly

effective distribution of graphene in the matrix, i.e., PA and PLA. The tensile fracture strain of most of the printed

nanocomposites listed in Table 2E was lower than that of the respective neat polymer, but a nanocomposite

containing PLA–2% Graphene exhibited a fracture strain of 14.3%, which is about 74% more than that of the neat

PLA; in this case, graphene was functionalized using L-Arginine, an amino acid. In the case of the PA6-1% GNP

composite, commercially available amino (NH2) functionalized graphene nanoparticles having a few layers were

used [29].
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The tensile and flexural properties improved significantly, as shown in Table 2C.

VI. Conclusions and Recommendations

1. An appropriate method/compound for functionalizing can be chosen, and the effect on the

mechanical/electrical properties can be investigated.

2. The effect of post-processing heat treatment on the mechanical/electrical properties can be investigated.

3. With regard to the filaments, there is no standard test for determining the tensile properties; further research

regarding this can be carried out.

4. Further investigations can be carried out with regard to the PEI nanocomposites by using 3D printers that can

operate at a relatively high temperature (~370 0C) and a temperature-controlled build chamber.
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