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Abstract
Hailed since the fourth industrial revolution, three-dimensional (3D) printing or additive manufacturing (AM) has been 
extensively implemented in various manufacturing sectors. This process is popular for generating regular products and 
incorporating innovative designs into the components like auxetic structures, such as fabrication of engineering products, 
customized implants and sophisticated biomedical devices. Over the years, one of the interesting outputs of this emerging 
technology is the reuse of waste thermoplastic materials to produce competent products through the fused deposition mod-
eling (FDM) technique. The strength of FDM components produced from thermoplastic waste is lower than that of virgin 
plastic FDM counterparts. So, there is a need to understand the significant changes in the recycled thermoplastic material 
during subsequent extrusions, which are chain scission, change in viscosity and breaking strength. The use of additives has 
been a promising solution to improve the performance of recycled material for 3D printing applications. Hence, this study 
aims to provide an overview of reusing plastic waste through FDM-based 3D printing. This review summarizes the current 
knowledge about the effect of processing on thermo-mechanical properties of recycled plastic FDM parts and the use of 
various additives to improve the overall quality. In addition, two case studies from open literature have been demonstrated 
to explain the use of FDM and associated technology for plastic recycling.
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Introduction

Plastic recycling is one of the most formidable environ-
mental challenges in the world [1–3]. It is estimated that 
around 8.3 billion metric tons of plastic have been globally 
produced since 1950. Out of this total waste, only 9% of the 
plastic has been recycled, and the remaining 80% of plastic 
waste ended up in landfills, oceans and other water bodies 
[1, 2], as shown in Fig. 1. Moreover, the extended use of 
single-use plastic products for personal protective equipment 
(PPEs) during the COVID-19 global pandemic has made the 
situation more critical [5, 6]. It is reported that 65 billion 

gloves and 129 billion face masks were globally used in a 
single month, which ominously increased the plastic genera-
tion per day [7]. This unrecycled waste, in turn, has created a 
severe problem of environmental contamination, which has 
affected the whole ecosystem. But the possibility of reusing 
and recycling the waste thermoplastic shows a possibility of 
valorization; hence, waste plastic can be recycled to develop 
consumable products using innovative technologies.

In recent times, fused deposition modeling (FDM) tech-
nology has been extensively utilized to reuse small-scale 
thermoplastic waste materials to produce various end-use 
products. The present demand for low-cost and sustainable 
3D printable polymer has initiated an interest in the develop-
ment of recycled filaments, which can be produced from a 
variety of waste thermoplastic materials such as high-density 
polyethylene (HDPE), polylactic acid (PLA), polyethylene 
terephthalate (PET), polypropylene (PP) and acrylonitrile 
butadiene styrene (ABS). Nowadays, several 3D printing 
filaments derived from waste-derived feedstock are com-
mercially available [8]. The common methodology for reus-
ing plastic waste through additive manufacturing has been 
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presented in Fig. 2. However, several issues such as poor 
mechanical properties due to possible thermal degradation, 
uncontrolled crystallinity, shrinkage due to high fusion 
temperature and less durability are significant barriers for 
expanding the use of recycled filaments for various engi-
neering applications.

The performance of recycled thermoplastic materials 
can be improved by incorporating natural or synthetic fill-
ers (i.e., short or continuous). Various reinforcements such 
as bakelite powder [9, 10], ZrO2 particles [11], wooden dust 
[9], Al2O3/SiC particles [10, 12, 13], biochar [14] and cloth-
ing fibers [15] have been used to enhance the stability and 

structural properties of FDM parts. In most studies, an addi-
tive (i.e., short fibers) is added to produce 3D printing com-
posite filaments, requiring specialized and high-cost FDM 
machines such as Markforged (i.e., Mark Two). But the main 
limitation is that the filaments with pre-impregnated fibers 
(discontinuous fibers) have a fixed fiber volume ratio, which 
restricts the use of different polymeric materials as a matrix. 
On the contrary, continuous long fibers produced by dual 
extrusion, co-extrusion or pre-impregnated filaments seem 
promising to produce a composite with enhanced mechani-
cal properties. In this context, the present article covers the 
research efforts made by various researchers to use recycled 
waste through the FDM technology. However, a systematic 
literature review solely based on the use of FDM for the 
possible recycling of plastic waste is still missing. Hence, 
this review emphasizes on the mechanical and thermal char-
acteristics of FDM-based 3D printed structures prepared 
using waste-derived feedstock. The article first provides an 
overview of the literature, methodology for producing 3D 
printing filaments for the FDM process. Second, the thermo-
mechanical properties of 3D printed FDM parts produced 
from recycled plastic, such as ABS, PLA and PET, are sys-
tematically presented. Furthermore, the use of additives to 
enhance the strength of FDM parts is explained. Moreover, 
it reports recent advancements in additive manufacturing for 
fabricating high-quality FDM structures using plastic waste, 
and two case studies from open literature where FDM and 
associated technology have been used successfully to reuse 
thermoplastic waste.
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Fabrication methods

Filament production process

The filament made from a pure polymer having a low melt-
ing point is used as input material in the FDM process. In 
some cases, composite filaments are used to enhance the 
virgin polymer's strength to achieve functional benefits 
[16, 17]. The neat polymer filament can be manufactured 
through the conventional extrusion process by forcing the 
melt through a die orifice to get the product as an extru-
date. Meanwhile, to make composite filaments, the poly-
mer material is mixed with additives in required propor-
tion (i.e., weight or volume) by using dry mixing process 
or mixing the solution, followed by drying before being 
extruded [18–21]. Figure 3 presents the working principle 
of the extrusion process. It mainly consists of a barrel and 
a screw, which is rotated by a motor or any drive part. The 
polymer granulate is fed in the hopper by the gravitational 
force, transferred from the feed zone of the screw and 
compressed to form a solid block. In the plasticizing zone 
(metering zone) of the extruder, the solid block is melted 
and then ejected as a melt strand forming a filament of the 
desired diameter. Sometimes, depending upon the polymer 
thermal properties, higher melting rates are required for 
which the plasticizing zone is equipped with a smooth 
barrel and a barrier or three-zone screws. If required, bar-
rels are grooved to achieve maximum melting capacity 
and extruder performance [22]. During the extrusion pro-
cess, processing parameters such as die temperature, roller 
puller speed, spindle speed and the inlet temperature sig-
nificantly affect the final extrusion quality. Extrusion tem-
perature and speed are used to control the diameter of the 
filament. For example, at a very slow extrusion speed and 

extrusion temperature of 165 °C, high diameter filament 
will get extruded; likewise, at a higher extrusion speed and 
extrusion temperature of 185 °C, small diameter filament 
with blister will be produced [17]. In addition, small pellet 
size, high bulk density, low internal friction between the 
pellets, low external friction on the hopper surface and 
high melting point are the critical process parameters that 
require careful control for the successful extrusion process 
of feedstock filament. Table 1 presents the recommended 
processing parameters setting for the extrusion of recycled 
thermoplastic materials.

FDM

FDM, as displayed in Fig. 4, is a technique developed by 
Stratasys©, which works on layer-wise 3D printing tech-
nology to fabricate complex geometrical parts [23–25]. In 
this process, a filament feedstock consisting of amorphous 
thermoplastic is fed into an extrusion nozzle via an electri-
cally controlled motor. A heated liquefier melts the plastic at 
the heart of the extrusion system. This melt is then extruded 
through the nozzle, and the semi-solid plastic gets deposited 
in a layer-by-layer pattern in a predetermined thickness on 
the partially constructed part [26–28]. Figure 5 presents the 
recommended nozzle temperature for the FDM extrusion of 
common thermoplastics [29].

Despite many advantages, the strength of FDM parts is 
lower than the injection molded counterparts. The decrease 
in strength of the FDM fabricated products is due to the 
presence of micro-voids, poor layer adhesion and improper 
selection of process parameters during print. The presence 
of micro-voids was due to entrapment air bubbles from 
atmosphere and emission of gases during polymer melt-
ing and inadequate pressure between the adjacent layers. 
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Fig. 3   Schematic illustration of extrusion process
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Poor layer adhesion results in layer separation or delami-
nation (i.e., breakage of the bond between the subsequent 
layers of the print) and severe warpage. It happens due to 
over cooling, uneven temperature in successive layers of 
deposited material, uncleaned hot end (nozzle) and impuri-
ties present in the filament material. Figure 6 presents the 

FDM process parameters that affect the final quality of 3D 
printed parts [23, 30]. Hence, it becomes crucial to control 
these key parameters to print the part with better mechani-
cal properties.

Reuse of waste plastic in FDM

Polylactic acid (PLA)

One of the broadly researched thermoplastics in human his-
tory is PLA, which can have its physical, chemical, micro-
structural, mechanical and degradation properties tailored 
based on specific applications [31]. This biodegradable ali-
phatic polyester is mainly used in the medical, food pack-
aging and pharmaceutical industries. This post-consumer 
PLA can be further used for 3D printing, because PLA-
based filaments are the most popular materials currently 
used in FDM-based applications. It is noteworthy that the 
cost of commercially available filaments is 200 times more 
when compared to raw thermoplastics [32]. Thus, using 
waste PLA to prepare 3D printing feedstocks would sig-
nificantly lower the fabrication cost in FDM. The issue of 

Table 1   Recommended 
processing parameters for 
extrusion of recycled feedstock 
filament for 3D printing

Plastic waste Extrusion tem-
perature (°C)

Screw speed (rpm) Nozzle diameter (mm) Refs.

PLA 175–195 60 1.75 [17, 41]
ABS 180–200 Low speed 1.75 and 3 [36, 49]
PP 190–245 25 2.5 [17, 108, 109]
PET 250–285 12.3 or 24.3 1.75 or 2.85 [110–112]
HDPE 180–190 – 3 [59]
PS 200 Low speed 3 [36]
TPU 210 4 1.5 [73]
TPO 195–210 5 2.85 [113]
PVC 196 Low speed 3 [36]
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Fig. 4   Schematic diagram of the FDM process [25]
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inter-mixing of conventional plastic with bioplastics can be 
resolved by using recycled PLA filaments for fabricating 
the end-use product. Anderson [33] measured the different 
mechanical properties of FDM parts made from virgin (V)-
PLA and recycled (R)-PLA. PLA waste was collected and 
recycled for feedstock filament production, and also V-PLA 
parts were grounded up and re-extruded into filament. The 
mechanical test revealed that, with R-PLA filament, there 
was a decrease in tensile strength and hardness by 10.9% 
and 2.4%, respectively, whereas shear strength improved by 
6.8%. In a similar study, Hong et al. [34] reported that with 
3D printed R-PLA specimens, tensile and flexural strength 
reduced by 69% and 53%, respectively, when compared to 
V-PLA parts. Multiple recycling of PLA causes a decre-
ment in short beam strength. The reduction in strength is due 
to the presence of micro-impurities in recycled filaments. 
The impurities/contaminants cause the release of ultrafine 
emission of particles and gases (i.e., carbon monoxide, 
hydrogen cyanide and volatile organics), and these parti-
cles and gases get entrapped in the final product resulting 
in the formation of micro-voids and irregular surface finish. 
The micro-voids affect the flow behavior and rheological 
properties and causes stress concentration in the localized 
region, which reduces the mechanical performance of the 
final material [33, 35]. The microscopic impurities in the 
filament get accumulated and build up inside the 3D printer 
nozzle causing nozzle clogging (i.e., disruption in material 
flow), which leads to poor quality print and incomplete part 
fabrication [36].

A comparative analysis of V-PLA with recycled PLA, 
ABS, PET and PP showed a reduction in the flexural strength 
of the R-PLA parts and R-ABS by 48% and 47%, respec-
tively, when compared to V-PLA parts. The reduction in the 
properties were due to recycled polymers getting subjected 
to thermo-mechanical processing, causing rupturing of 
bonds of the polymeric chains [37]. It is noteworthy that the 
phenomena of chain scission and improper spacing between 
the macromolecules go hand in hand together, and they are 
responsible for the deterioration of mechanical properties. 
The material should have a high degree of crystallinity to 
show better performance [37]. Another factor is the incre-
mental overlapping of the material layer and the filament 
diameter, due to which the adhesion between the tape and the 
layer below becomes limited, causing insufficiency of pres-
sure in the FDM parts, leading to lower mechanical strength 
[32]. In addition, irregularity in filament diameter affects 
the flow rate during 3D printing, causing poor surface part 
quality, nozzle jamming, formation of air gaps and excessive 
layer overlapping [38]. Whereas the increase in layer thick-
ness causes large gaps or porosity, resulting in reduction in 
mechanical strength and part surface quality [39]. The dif-
ferential scanning calorimetry (DSC) thermal test revealed 
that due to the lower cold crystallization temperature (Tcc), 
there is an increase in the disordered α phase (i.e., one of the 
crystalline forms of PLA, which comprises 103 helical chain 
conformation and two chains in an orthorhombic unit cell) 
[40], leading to degradation of mechanical performance. 
The possible reason for the formation of cold crystallization 
temperature is the polymer chain getting sufficient mobility 

Fig. 6   Illustration of the process 
parameters that affect FDM 
printed part characteristics [23, 
30]
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to arrange itself into an ordered structure (i.e., crystalline 
structure) by chain folding. The thermally modified R-PLA 
specimens possess a high risk of crack formation and pre-
mature failure [34]. R-PLA crystallizes more easily than that 
recycled from single-grade PLA. It has been found that the 
mechanical recycling process causes the scission of larger 
macromolecules (i.e., breakage of chemical bond), which 
in turn produces smaller and ordered molecular chains [37]. 
Moreover, R-PLA has low crystallization enthalpy, due to 
which there is a decrease in intrinsic viscosity [41]. Fused 
particle fabrication (FPF) technique has also been employed 
to fabricate additively manufactured parts directly from pel-
lets. Due to good auger-barrel tolerances (± 0.025 mm), it is 
seen that a wide range of recycled polymer inputs could be 
possible with minimal post-processing. However, the parts 
that are less than 20 mm × 20 mm size cannot be reliably fab-
ricated because of high heat transfer rate from the large con-
tact area of the used printer’s hot end [42]. In another study, 
PPE waste of COVID-19 and failed prints were employed 
to investigate the heterogeneity of 3D printing on the prop-
erties of recycled PLA material. Initially, pre-processing, 
energic washing of PLA was performed, and industrial con-
ditions were maintained. The medically used PLA waste was 
washed at 85 °C in 1 wt% NaOH and 0.3 wt% of surfactant 
solution, dried in vacuum and filaments were extruded. The 
surfactant acts as a cleaning agent which removes unwanted 
dirt from the polymer surface, whereas hot washing with 
NaOH deactivates viruses, bacteria, yeasts, fungi and endo-
toxins. It is found that PLA waste had lower viscosity, high 
crystallization ability and less transparency. The washing 
and melting during pre-processing weakens the structure of 
final material, thus causing a decrease in intrinsic viscosity 
by 29% that further leads to reduction in mechanical proper-
ties [41, 43].

It is apparent that recycling decreases the strength of 
PLA. Thus, to avoid the degradation of recycled polymeric 
material, polydopamine (PDA) coating seems a promising 
method. PDA has a unique property of getting absorbed in 
almost all kinds of polymer surfaces, and self-polymeri-
zation develops better cohesive strength. A comparison of 
PDA-coated and uncoated PLA has confirmed that tensile 
strength increased by 14.9%, and strain at failure increased 
from 9.5 to 12.79%. It has been seen that PDA-coated PLA 
is thermally stable up to 200 °C [44]. Recycling PLA waste 
using 3D printing significantly reduces the CO2 production 
rate, the cost of recycling and landfill usage.

Acrylonitrile butadiene styrene (ABS)

Acrylonitrile butadiene styrene is the most common mate-
rial for electronic items with good heat, chemical and abra-
sion resistance properties. The current challenge for society 
is to effectively use ABS waste derived from failed prints, 

raft/support material [45], discarded electronic housing 
equipment, etc. [46–48]. The potential of recycled ABS by 
using virgin pelletized ABS (V-ABS) and 100% recycled 
ABS (R-ABS)-derived feedstock has been investigated. 3D 
specimens were fabricated using FDM technique at differ-
ent build orientations as shown in Fig. 7. It was noticed 
that part built at X-, Y-, Z-build orientations showed sig-
nificant decrease in ultimate tensile strength by 12.86%, 
32.36% and 49.44%, respectively, whereas the average stiff-
ness apparently decreased by 18.37%, 28.06% and 18.38%, 
respectively. Prior to the test, the visuals of Z-build prepared 
specimen showed insufficient layer adhesion, which was the 
prime cause for the highest decrease in mechanical strength. 
It was also noticed that the overall decrease in mechanical 
strength of the material was compromised due to material 
recycling, build integrity of the test sample (i.e., layer adhe-
sion) and improper selection of processing parameters [49]. 
Moreover, overall mechanical property degradation of ABS 
was due to chain scission (i.e., rupturing of bonds in the 
backbone of the polymer chain), which mainly occurs due 
to multiple recycling of the material. Another reason for 
property degradation was an improper spacing between the 
adjacent macromolecules, and the amorphous structure of 
the copolymer showed significant effect on the material’s 
properties [37]. The above experiment indicates the mechan-
ical degradation of the ABS plastic during recycling, but 
hints that the build integrity of the test sample (e.g., layer 
adhesion) is also compromised for the given parameters. The 
repeated recycling of ABS confirmed that the original and 
first recycling course parts had a minimal difference in ten-
sile strength change. This minimal mechanical change was 
because of re-alignment (i.e., larger polymeric chains get 
broken into smaller chains) in amorphous polymeric chains, 
increasing molecular interactions and stability. During the 
second recycle course, Young’s modulus decreased by 
25%, while tensile and fracture strength decreased by 10% 
at the third recycle course, causing a reduction in toughness 
by 37% [50]. Moreover, in the fourth recycle course, the 
impact strength and micro-hardness increased by 59% and 

Fig. 7   Part fabrication using different orientation on print bed
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27%, respectively, and the tensile strength increased by 20% 
in the fifth recycle course [51]. This change in mechanical 
properties is due to multiple recycling, the slight change in 
polymer viscosity, inter-bead porosity, insufficient change in 
molecular weight or polydispersity index, and cross-linking 
during polymer waste processing [50]. Compared to injec-
tion molded parts, FDM parts made from ABS waste show 
deformation of around 67–96%, while injection molded 
parts show deformation of around 101.5–117.5%. This is 
mainly due to the presence of voids in the FDM structure 
[46, 48]. Similarly, Turku et al. [36] evaluated the proper-
ties of recycled ABS, PS and PVC. It was noticed that the 
melt flow index (MFI) of R-ABS (8.9 and 15 g/10 min or 
43.1 g/10 min) was lower than that of V-ABS, while the MFI 
value of R-PS (12–16 g/10 min) was very close to the virgin 
grade. Due to nozzle clogging and material degradation, the 
MFI value of R-PVC cannot be evaluated. The material's 
reprocessing, aging and presence of additives in the form 
of impurities are the significant constraints responsible for 
property degradation. The thermal test performed over the 
R-ABS parts revealed that the probability of random chain 
scission in processed material due to thermo-mechanical 
recycling results in a decrease in glass transition temperature 
(Tg) and a reduction in the material's mechanical properties 
[36]. In the fifth course of recycling, the Tg increases, but 
after the fifth recycling course, chemical degradation occurs, 
leading to the breakage of the polymeric chain of the parts 
[51].

Polyethylene terephthalate (PET)

The typical commercial application of PET ranges from 
packaging fabrics, films, molded parts of automotive, elec-
tronics and numerous more. However, it is also one of the 
most recycled thermoplastics and ranked one in the recycling 
symbol. PET plastics are flexible, colorless, lightweight and 
possess good dimensional stability and remarkable impact 
resistance. As per engineering applications, they have high 
mechanical strength and high heat resistance properties. 
Moreover, adding reinforcements like glass fibers and CNTs 
improves the impact strength and surface finish and lowers 
the warpage property of PET. During PET recycling, mas-
sive virgin crude oils are required, which causes environ-
mental and economic problems and exhausts non-renewable 
resources [52, 53].

Considering the versatility of PET waste, one typical 
example is unmanned aerial vehicles (UAVs), one of the 
most demanding devices over the years, because of their 
excellent functionality, compatibility and efficient remote 
sensing property. Parts fabricated using FDM technology 
were evaluated to judge the efficiency of R-PET for UAVs. 
In addition, parts made from ABS, PLA and V-PET fila-
ments were also used for comparison purposes. Mechanical 

tests revealed that V-PET's mechanical property parameters 
lie between ABS and PLA. R-PET shows ultimate tensile 
strength (UTS) of 33 MPa and modulus of elasticity (E) 
of 738 MPa, and is stiffer than V-PET. V-PET and R-PET 
have shown almost the same yield strength of 2.005 MPa, 
which is higher than that of ABS and smaller than that of 
PLA. To understand the material's behavior under different 
temperature, thermal tests were conducted to ensure remote 
sensing efficiency of 3D printed operating parts used in 
UAVs for a prolonged period. The trial reported that R-PET 
fails at 200 °C, far beyond the UAV operating temperature 
[54]. R-PET filament has also been used to fabricate mobile 
robot chassis and drone blades through FDM technology. 
The thermo-mechanical test revealed that R-PET has a melt 
flow index of 2.8 g/10 min, a tensile strength of 35.7 MPa, 
modulus of elasticity of 2457 MPa, melting temperature of 
250 °C and extruding temperature of 250–260 °C. These 
properties make R-PET an appropriate substitute for com-
mercial PLA. Another research uses R-PET water bottles 
(i.e., flakes and pellets) and other types of PET waste. 
The elimination and choice method expressing the reality 
(ELECTRE) method was adopted to determine the finest 
material for 3D printer feedstock filament [55]. The tensile 
test, melting point, glass transition temperature, melt flow 
index, coefficient of thermal expansion and cost are criteria 
adopted by the ELECTRE approach to evaluate the V-LDPE, 
V-HDPE, V-PET, R-HDPE and R-PET. R-PET was extruded 
to produce filaments for knowing the possibility of R-PET 
being used as filament for a 3D printer. It was observed that 
R-PET is very sensitive to temperature during extrusion; 
there had been a susceptible flow of molten R-PET due to its 
low viscosity value [56]. The low viscosity leads to incon-
sistent flow rate and non-uniformity in the recycled filament 
diameter. The non-uniformity and inconsistent flow rate 
make the spooling of filament difficult. Moreover, R-PET 
shows better results when compared with V-PET showing 
a good potential and can be an alternative filament for 3D 
printing [55]. For polyethylene terephthalate glycol (PET-
G), high extrusion speed causes a decrease in intrinsic vis-
cosity, which increases shear stress value [57]. The summary 
of research work about the use of recycled waste through 
FDM is presented in Table 2.

Other polymers

Vidakis et al. [58], investigated the effect of multiple recy-
cling of polyamide 12 (PA-12) on thermal and mechanical 
properties of 3D printed specimens. It was observed that 
there was minimal change in crystallization and melting 
temperature whereas crystallinity decreased by 16.16% when 
PA-12 was subjected to 6th course of recycling. In between 
second and third course of recycling, mechanical proper-
ties like tensile strength, flexural strength, impact strength 
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and micro hardness increased by 15% (average increase). 
However, rapid decrease in mechanical properties was 
noticed after the fifth recycle course. After the fifth recycle 
course, the material flow was jeopardized due to low grade 
of cross-linking, which made printing difficult due to high 
brittleness in the filament [58]. In another study, physical 
characterization and pre-assessment of recycled high-density 
polyethylene (R-HDPE) for 3D printing was performed. It 
has been observed that R-HDPE filament absorbed 12 times 
less water than the V-ABS filament. Secondly, R-HDPE 
flakes were less preferred than R-HDPE pellets for filament 
extrusion, because flakes showed less mobility, unfavorable 
thermal stability and lower water rejection tendency than 
R-HDPE pellets and V-ABS. However, some limitations 
such as shrinkage, warpage and layer adhesion are needed 
to be overcome during the 3D printing with R-HDPE [59]. 
Reich et al. [60] used recycled polycarbonate (R-PC) regrind 
to print specimens using three different FDM printers (FFF 
TAZ, FFF Gigabot and PME/FPF Gigabot X) under differ-
ent operating conditions. Upon tensile test, it was observed 
that UTS of specimens fabricated by PME/FPF Gigabot X, 
FFF Gigabot, FFF TAZ ranged from 62.7 to 67.8 MPa, 63 to 
69.5 MPa and 59.5 to 66.8 MPa, respectively. The material 
chosen for the fabrication was good enough to be an alter-
native to the commercially available filaments. It was also 
observed that with the use of larger diameter nozzle, faster 
printing speed (upto 10×) can possibly be achieved [60]. In 
another study, recycled polypropylene (R-PP) was used to 
develop filaments, and it was concluded that effective R-PP 

filament can be produced at 200 °C temperature and 40 rpm 
of extruder [61].

Use of additives

The extensive research revealed that when the polymer waste 
is subjected to thermo-mechanical recycling, it causes chain 
scission which weakens the molecular bonding between the 
polymers, chemical changes in structure, change in mechani-
cal properties (like Young’s modulus, tensile strength and 
yield strength) and change in morphological characteristics 
such as degree of crystallinity, viscosity, density and melt 
flow index [62–67]. Generally, polymers are blended with 
additives to enhance their physical and mechanical proper-
ties, as shown in Fig. 8. The use of various additives and 
their influence on the quality of end product (i.e., filament 
or printed part) is summarized hereunder.

Polymer blending

Polymer blending is mixing a group of dissimilar polymers 
to achieve desired properties by forming new multifunc-
tional material. This process is done with or without the 
use of chemicals called compatibilizers. Polymer blending 
is mostly preferred to create a blended plastic with proper-
ties similar to that of 100% virgin material. To determine 
the significant effect of polymer blending on final product 
quality is crucial to increase its widespread use. Several 

Fig. 8   Process of producing 
recycled 3D printing composite 
filament [104]
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Collected plastic waste Shredding and recycling Shredded plastic 

Extrusion

AdditiveComposite filament



769Journal of Material Cycles and Waste Management (2023) 25:758–784	

1 3

researchers have reported the use of polymer blending, and 
their outcomes are presented hereunder.

Babagowda et al. [68] blended virgin PLA with recycled 
PLA R-PLA in a fixed ratio to make 3D printing filaments. 
10% of R-PLA in V-PLA showed better tensile strength, 
while flexural properties improved with 20% of R-PLA 
[68]. Similarly, to enhance the property of the 3D printed 
products, a composite feedstock filament for the FDM 
printer was made by blending R-PLA, V-PLA, epoxy-based 
chain extender and microcrystalline cellulose (MCC) in 
the required proportion. A comparative assessment of the 
different mechanical properties of 3D printed products is 
displayed in Fig. 9. It was observed that the use of chain 
extender effectively controls the rheological properties such 
as chain structure, phase compatibility and filler dispersion 
of polymer, but drastically decreased the Young’s modu-
lus and the elongation at the break of the 3D printed prod-
uct. However, there was an 88% increase in stiffness and 
a 39% increase in tensile strength of 3D printed products 
with the addition of MCC despite the porosity of sustainable 
bio-composites based on waste bioplastic. The decrease in 
elongation at break was due to increased molecular weight, 
the branching of polymeric chain and the presence of tri-
angular voids in the 3D printed product [69]. In another 

study, high-density polyethylene (HDPE) and polypropyl-
ene (PP) waste derived from the ocean were blended with 
different proportions of agro-industrial waste (bio-carbon) 
[70] used to prepare composite filaments for 3D printing. It 
was found that the 3D printed R-HDPE/ R-PP (70:30) blend 
alone shows 34% improvement in Young’s modulus, while 
the addition of 20% bio-carbon in the blend shows improve-
ment by 11–15% in the mechanical properties. Martey et al. 
[71] compounded ocean-bound waste (o-HDPE and o-PP), 
virgin polymer (low-density polyethylene (LDPE) and poly-
styrene (PS)) with functionalized clay, styrene multi-block-
copolymer (SMB) and ethylene–propylene-based rubber 
(EPR) additives. It was observed that adding clay particles 
to the polymer matrix creates a rough surface and causes 
brittleness in the final material. At the same time, incorpo-
rating EPR and rubber in the polymer significantly enhances 
the elasticity and mechanical performance of the composite 
[71]. SEM images of fractured surfaces in Fig. 10 shows that 
the blend with no additives had larger void content, while 
adding an additive reduces the void with a large chunk of 
EPR [71]. Similarly, Yap et al. blended recycled polystyrene 
extracted from Styrofoam waste with LDPE and extruded 
filament for 3D printing. The 3D printed specimen from 
the R-PS/LDPE filament possesses reduced tensile strength 

Fig. 9   Effect of reinforcement 
on tensile, flexural and Izod 
strength of recycled PLA [69]
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due to an increase in LDPE content, whereas the increase 
in LDPE content increased the thermal stability of the final 
material. Zander et al. [72] blended waste PET, PP and PS 
with styrene–ethylene–butylene–styrene (SEBS) compati-
bilizer to produce feedstock filament for 3D printing. It was 
observed all the blend-based 3D printed specimens showed 
reduced tensile strength as compared to neat R-PET. It was 
due to the immiscibility of blends. The R-PET/R-PP (50:50) 
blend had the lowest tensile strength of 17.2 ± 3.6 MPa, 
probably due to phase separation with the presence of voids 
acts as stress concentration regions. Gama et al. [73] fab-
ricated 3D printed specimens using recycled polyurethane 
foam (PUF) and thermoplastic polyurethane (TPU) blend. 
It was observed that the addition of PUF affects the inter-
layer adhesion, which reduces the mechanical performance 
of the final 3D print. However, the addition of PUF did not 
have much effect on the composite's thermal stability, which 
means the composite can be processed at high temperatures 
[73]. Similarly, a novel 3D printed composite has been 
developed by mixing Nylon and polyester with photopoly-
mer resin at different volume fractions. It was found that an 
increase in the volume % of polyester results in a decrease 
in tensile strength to 12 MPa and then increased to 14 MPa, 
whereas the tensile strength of pure resin was observed to 
be 19 MPa. Moreover, with an increase in nylon content, 
ultimate tensile strength (UTS) decreased to 9 MPa [74].

Ceramics

Over the years, the incorporation of ceramics such as silica 
carbide (SiC), Alumina (Al2O3), zirconia (ZrO2) and tita-
nium dioxide (TiO2) into polymers is preferred to enhance 
the physical, thermal and mechanical performance of the 

polymeric material. In this direction, several researchers 
have investigated the use of adding ceramics and influence 
of particle size on the mechanical performance of 3D printed 
recycled composites. This section discusses the use of vari-
ous ceramics in the form of microparticles and nanoparticles 
for making suitable feedstock for 3D printing.

Microparticles

Singh et al. [10] reinforced R-ABS with bakelite–SiC–Al2O3 
to produce recycled filament to 3D print recycled com-
posite products. Figure 11 presents the variation in the 
modulus of the toughness of R-ABS reinforced with dif-
ferent compositions of Bakelite–SiC–Al2O3 [10]. It was 
observed that R-ABS with 10% Bakelite, 10% Al2O3 and 
10% SiC had shown better flexural strength and hardness. 
The ceramic concentration as reinforcement in the R-ABS 
matrix improves the glass transition temperature, mak-
ing the printed parts thermally stable and providing better 
heat flow throughout the thermoplastic matrix, resulting in 
enhanced mechanical strength [10]. Likewise, 2° R-ABS was 
individually blended with wood dust and Bakelite powder 
using a twin-screw extruder for the composite fused fila-
ment production. It was observed that increasing reinforce-
ment content beyond certain limits reduces the filament's 
melt flow rate. The tensile test reveals that increasing the 
speed of the screw and the extrusion process decreases the 
peaks strength and percentage break elongation of both fila-
ments (Filament I-2° R-ABS + 10% wood dust and Filament 
II-2° R-ABS + 10% Bakelite powder). The poor mechanical 
performance of the filament was due to improper bonding 
between the matrix and reinforcement at high extrusion 
speed. The ductility behavior of the filament was seen when 

Fig. 11   Variation in shore D 
hardness and modulus of tough-
ness of R-ABS reinforced with 
Bakelite–SiC–Al2O3 [10]
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the extrusion took place at a lower speed as the composite 
gets sufficient time for uniform mixing. Filament reinforced 
with Bakelite powder has better peak strength when com-
pared with filament reinforced with wood dust. It was prob-
ably due to the high specific heat capacity and less porosity 
of reinforced Bakelite powder in the ABS matrix. The high 
specific heat capacity ensures the smooth flow of material 
in the extruder, exhibiting better mechanical properties [9].

Polyethylene (PE) is one of the most broadly used ther-
moplastics, from grocery bags to children's toys. Low-den-
sity polyethylene (LDPE) and high-density polyethylene 
(HDPE) are significant polyethylene versions. In composite 
filament production, R-HDPE was mechanically blended 
with ZrO2, followed by cryogenic grinding. Thermal test 
revealed that R-HDPE with 40% ZrO2 was more thermally 
stable with no significant degradation of the melting point. 
The wear rate of the primary R-HDPE sample was more than 
the sample made from R-HDPE-40% ZrO2. The high screw 
rpm with recommended processing temperature and lower 
applied load is recommended to mix the additive uniformly 
[11]. Furthermore, SiC and Al2O3 had also been employed 
to reinforce R-HDPE, and it was found that R-HDPE with 
5% SiC and 5% Al2O3 had better mechanical properties 
[13]. In another study with Al2O3 particle reinforcement 
with R-LDPE, it was observed that SiC/Al2O3-based dou-
ble particle size reinforced R-LDPE filament shows a better 
mechanical property. The fabricated samples from the same 
filament show better dimensional stability with improved 
surface hardness. It was due to double particle size rein-
forcement resulted in generation of thermodynamic sink 
which causes controlled plastic flow of the material at time 
of extrusion, thus providing better 3D printing of part [12]. It 
was concluded that microparticles of smaller sizes improves 
the total effective surface area and uniformity in dispersion. 
Moreover, they decrease the probability of agglomeration 
which results in improvement in the tensile strength and 
Young’s modulus of the composite material.

Nanoparticles

Nanofiller titanium dioxide (TiO2) was used to reinforce 
recycled plastic, V-PLA and V-HDPE for preparing differ-
ent composite feedstock filaments. Based on the obtained 
filament, 3D printing of the specimen was done, and some of 
the specimens were further coated with graphene and dichlo-
romethane using the dip coating technique. The coating was 
done to create a hydrophobic surface and to avoid further 
alteration in the mechanical properties of end products. 
Results revealed that composite 3D printed specimen con-
taining 90 wt% PLA, 9 wt% HDPE, 0% recycled plastic and 
1 wt% TiO2 showed the highest tensile strength with 10.5% 

lightness in weight. Moreover, graphene/dichloromethane-
coated specimens showed significant enhancement in duc-
tility and surface finish. It was concluded that a balanced 
aspect ratio of the nanofiller in the polymer matrix gives rise 
to a high degree of polymer surface interaction, resulting an 
improvement in the mechanical and barrier properties [75].

Natural and artificial short fibers

Short fibers are generally added into polymers for enhancing 
their processability and mechanical poperties and to reduce 
the material cost. Carrete et al. [15] adopted a methodol-
ogy to produce natural fiber-reinforced polymer composite 
monofilament. The hydrolyzed and functionalized cellulose 
fiber extracted from white denim was used as reinforcement. 
The blend of recycled white cotton and R-PET bottles was 
used as a matrix to provide the toughening effect. The fila-
ments of R-PET and R-PET-WC (R-PET white cotton) were 
extruded and dried to mitigate hydroscopic degradation. 
Testing of printed parts revealed that the incorporation of 
hydrolyzed cotton fiber causes the toughening effect. R-PET 
shows a brittle failure mode, while R-PET-WC shows duc-
tile failure. In another study, recycled propylene (R-PP) was 
reinforced with rice husk (RH), which is agricultural residue 
[76], harakeke [77], hemp [77], gypsum [77] and basalt [78] 
short fiber to extrude composite feedstock filament for 3D 
printing. The specimens were 3D printed and subjected to 
thermal and mechanical testing. It was found that the addi-
tion of RH reduces the warpage defect and tensile strength 
by 47.04%. The reduction in tensile strength was due to poor 
adhesion between RH and R-PP and the hydrophilic behav-
ior of RH, whereas addition of 30% hemp, 30% harakeke 
short fiber and 30% gypsum with R-PP enhances the tensile 
strength by 31.90%, 38.37% and 7%, respectively. The higher 
fiber content in recycled composite reduces material stiffness 
and mechanical strength, causing void expansion and stress 
concentration. Similarly, reinforcement of basalt short fiber 
in the R-PP-based composite filament increases the tensile 
strength by 23.08%, showing brittle behavior compared to 
the neat R-PP filament. In another study, short carbon fiber 
(CF) was reinforced with R-PP to prepare composite feed-
stock filament and fabricate 3D printed specimens. It was 
observed that two-stage extrusion resulted in uniform mix-
ing of reinforcement with the matrix material. Furthermore, 
the tensile test revealed that the tensile strength of composite 
filament increased from 21.82 to 24.22 MPa. However, 3D 
printed specimen from the same filament showed reduced 
tensile strength from 21.82 and 24.22 MPa to 19.72 and 
22.70 MPa, respectively. The reduction was due to inter-
layer porosity and the anisotropic mechanical behavior of 
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3D printed products at different raster angles, i.e., 0° and 
90° [79]. Interlayer cavities and porosity can be seen through 
SEM images of fractured 3D printed tensile specimens, as 
shown in Fig. 12 [79].

Other fillers

Idrees et  al. [14] observed that infusion of 0.5%wt of 
biochar in R-PET increased the tensile strength by 32% 
and thermal resistance. Biochar increased the nucleation, 
crystallinity and bonding property of R-PET, thus result-
ing in increased strength. But adding a higher percent-
age of biochar results in agglomeration and poor PET 
bonding [14]. Similarly, iron (Fe) powder was reinforced 
with R-ABS, R-HDPE and R-LDPE to prepare feedstock 

filament and 3D printed specimen for mechanical testing. 
It was observed that Iron (Fe) powder seems to be prom-
ising reinforcement for R-HDPE and R-LDPE matrix, as 
there was a substantial increase in the material's MFI. The 
hardness of samples fabricated by composite R-HDPE 
and R-LDPE increased by 36.66% and 64%, respectively 
[80]. 10% Fe/90% R-ABS fused filament prepared at 
235 °C extrusion temperature and 70 rpm screw speed 
with 15 kg loading showed a maximum tensile strength of 
32.72 ± 1.5 MPa. It was due to strong intermolecular bond-
ing between Fe powder and the R-ABS matrix. It was con-
cluded that extrusion speed, external loading and poros-
ity content were the major factors affecting the filament's 
mechanical performance [81]. Similarly, Kumar et  al. 
investigated the reinforcement of nanographene (Gr) in 

Fig. 12   SEM images of the fractured surface of 3D printed tensile specimens a and b CF/r-PP filament; c and d formation of inter-layer gaps, 
porosity, fiber pullout and its alignment along the print direction [79]
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secondary (2°) recycled ABS to prepare smart composite 
material for 3D and 4D applications. Gr/R-ABS composite 
filament was prepared using a twin-screw extruder, and 3D 
printing of the specimen was done. Upon mechanical and 
thermal testing, it was observed that adding 2 wt% of Gr 
enhances the tensile strength by 270%, with the highest 
heat capacity of 0.84 J/g and shore hardness of 56.8 HD, 
due to the uniform dispersion of Gr in the ABS matrix 
with minimum porosity [82, 83].

Domingues et al. [84] mixed microparticles of tires and 
polypropylene waste to extrude composite feedstock fila-
ment, to obtain 3D printed specimens. Upon thermal and 
mechanical testing, it was noticed that the addition of tire 
in the R-PP matrix increases the crystallization tempera-
ture of the final material and the melting temperature of 
composite increases by 2.5% [84]. In another study, Cocoa 
bean shell (CBS) was reinforced in R-PP to 3D print a com-
posite. It was observed that with the addition of CBS, the 
warping effect of R-PP during its 3D printing was reduced 
by 67%. The tensile test of 3D printed R-PP/5% CBS speci-
men revealed that the specimen printed at 90° raster angle 
showed an 83.14% increase in tensile strength, whereas, 
at 0° raster, the tensile strength decreased by 41.47%. The 
SEM morphology of the fractured surface of the 3D printed 
specimen, shown in Fig. 13, reveals that samples printed at 
0° raster show poor interfacial adhesion between filler and 
matrix. The imperfection, like interfacial gaps between the 
adjacent layers, voids and non-uniform dispersion of CBS 
microparticles in the R-PP matrix, caused stress concentra-
tion in the localized region and affected the final composite's 

mechanical strength. Another reason for the harmful effect 
on the mechanical strength of the composite was the incom-
patibility of CBS with the R-PP. CBS is hydrophilic, so it 
can absorb moisture from the surrounding and cause fibers 
to swell and generate micro-cracks in the composite. Also, 
the crystallinity of composite gets reduced due to the pres-
ence of amorphous hemicellulose and cellulose in CBS 
[85]. Likewise in another study, purified form of kraft pin 
lignin was reinforced in R-PLA. It was observed that the 
UTS and Young's modulus (E) of the composite were 18% 
and 6% lower than those of V-PLA. The mechanical prop-
erty of the printed part was influenced by the intermolecular 
interaction between PLA and lignin. A minor effective stress 
transfer between lignin’s aggregates and PLA matrix was 
observed. The increase in lignin content increased the speci-
men's brittleness, thus resulting in the disappearance of the 
yield point in the stress–strain curve. However, there was a 
non-selective trans layer and trans fiber crack propagation 
at the fractured surface, indicating that the printed parts had 
improved bond quality [86]. The summary of research work 
on the use of various additives to enhance the strength of 
recycled material is listed in Table 3. 

Case studies

Currently, markets offer various filaments made of recycled 
thermoplastic plastic waste derived from car dashboards, 
used water bottles, fishing nets, refrigerator plastics, etc. In 
a similar context, two case studies have been highlighted.

Fig. 13   SEM images of fractured surface of 3D printed R-PP/5% CBS tensile specimens printed at a 0° raster, b 90° raster at different magnifi-
cations [85]
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Case study 1

B-PET is the foremost 3D filament-producing company that 
uses post-consumer PET bottles for filament production, as 
displayed in Fig. 14. B-PET believes PET is a tremendous 
and versatile material and is the first choice for plastic-based 
applications. Until today, B-PET has effectively recycled 
PET waste into functional printing materials.

B-PET company has made a newer version of R-PET-
based filament (100% recycled PET waste filament) with 
no roundness deviation, better tolerance (± 0.03 mm), less 
moisture, good flexible strength and consistent diameter with 
no entrapped bubbles. B-PET filament possesses almost the 
same property as virgin PET and is 70% less expensive [87]. 
B-PET sponsored PET(S)CULPT project to create a 3D 
printed statue made from R-PET derived from used plastic 
bottles [88]. B-PET filaments are commercially available 
and recommended to be used with Prusa printers at a reason-
able price, which helps in waste management and environ-
mental protection. Other companies that use waste polymer 
for 3D printing filament production and trade worldwide are 
presented in Table 4.

Case study 2

Nowadays, designers use recycled plastic to attract custom-
ers with inexpensive and better product designs such as 
chairs, demountable tricycles, benches and furniture made 
from industrial waste. Rotterdam studio “The New Raw” has 
set up a zero waste laboratory to use plastic waste for fab-
ricating urban furniture for public places through the FDM 
technique. Following the global vision of “World Without 
Waste,” Coca-Cola in Greece stepped up to implement the 
idea of “Print Your City” into action. For the first time in 
Greece, the “Zero Waste Cities” initiative came into exist-
ence. Thessaloniki in Greece was the first European city 

chosen by Coca-Cola to implement this program. With the 
help of the “Print Your City” concept, the residents of Thes-
saloniki collected their plastic waste and dumped it into a 
blue bin for recycling, converting it into a valuable utilitarian 
object like street furniture for the city with the help of 3D 
printing technology, as presented in Fig. 15. The website 
allows customers to choose customized furniture based on 
colors, functionalities and public space. The furniture is pri-
marily made from PP and PE, the plastics used in food pack-
aging. Although, PET and PS plastics can also be utilized 
for furniture fabrication. The two- to four-seat bench of size 
150 cm long, 80 cm wide prototype was 3D printed using 
the pellets from municipal waste or flakes from the ground 
up products [100]. The company has used more than 800 kg 
of plastic waste (equivalent to the same amount produced by 
three families in Greece) for ten pieces of furniture fabrica-
tion, saving 2080 kg of CO2 emission [101, 102].

Future scope

Plastic has gained tremendous popularity due to its low 
production cost, lightweight, good strength, durability, 
etc. However, its toxic nature and non-biodegradability 
make it unfit for the environment, and it is thus termed 
a pollutant [103]. Hence, for producing a novel, low-
cost, and sustainable product using AM, additives are 
blended with recycled plastic waste to produce durable 
composite feedstock filament by extrusion. The blending 
process improves the thermal, dynamic and mechanical 
properties of the 3D printed product [104]. The addi-
tives in the form of particles like SiC and Al2O3 in the 
filaments improve the properties. Still, sometimes the 
3D fabricated products result in premature failure due 
to the absence of additives in some areas. The additive 
distribution inhomogeneity in fabricated products thus 

Fig. 14   B-PET filaments and 
3D printed statue using recycled 
PET filaments [87, 88]
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Table 4   List of commercially available filaments derived from waste

S. no. Manufacturing company Filament material Source of waste Recycled 
plastic con-
tent (%)

Property of filament Refs.

1. Filamentive PLA Post-industrial waste 55 Low warpage [89]
PLA matte 70 Good matte finish with a 

textured feeling
e-PLA 50 Good mechanical prop-

erty and can resist heat 
of + 95 °C

PLA cosmic 10 Extra sparkle
wood PLA 81 provides wood-like feeling
PET-G 89 Durable and accepted for 

food contact
PET-G 99 Durable and accepted for 

food contact
Carbon fiber (PET-G) 100 Provides extra rigidity
ABS 64 Minimum warpage and high 

impact strength
ASA 50 Perfect for outdoors due to 

UV resistance
2. Fila-Cycle R-HIPS (Black) Automotive industrial 

plastics
100 Medium warping and good 

mechanical property
[90, 91]

R-PLA (Jade) Yogurt pots 100 Low warping and excellent 
mechanical property

R-PLA (Natural) Post-consumer 100 Medium warping and good 
mechanical property

R-HIPS (White) Home electronics 100 Medium warping and good 
mechanical property (good 
impact-resistant plastic)

R-PET Clear bottles from consumer 
industry

100 Low warping and excellent 
mechanical property

3. Ultrafuse (O-BASF) R-PET Bottles NA Environment friendly [92]
4. Fishy Filament Nylon Fishing net 100 Good impact resistance, 

temperature resistance, and 
stiffness property

[93]

5. Tridea PET, PET-G Post-consumer 100 Good stiffness with fabulous 
interlayer adhesion prop-
erty

[94]

6. Creamelt Polyurethane Ski boots 100 Suitable for elastic objects [95]
7. RE-PET PET PET bottles 100 High moisture adsorption 

tendency
[96]

8. Nefilatek PET-G Food packaging NA Less temperature sensitive 
and food safe

[97]

HIPS Window frames, thermofor-
med sheets

98 Heat and impact resistance

9. GreenGate3D PET-G NA 100 Smooth printing and good 
mechanical property

[98]

10. Kimaya HIPS NA 100 Good impact resistance [99]
PLA  ≥ 97 Odorless, good surface finish 

(glossy)
Polyurethane 100 Flexible
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severely degrades the product's mechanical properties 
[105]. The 3D printing of composites using continu-
ous fiber reinforcement may be the solution in order to 

avoid the premature failure of the particle-based compos-
ite structure. In this direction, the concept of in-nozzle 
impregnation has been utilized to fabricate composite 
structures reinforced with continuous fiber [104–106]. In 
the in-nozzle impregnation method shown in Fig. 16, a 
customized 3D printing extruder head feeds the continu-
ous fiber into molten plastic [107].

The best approach is the separate feeding of polymer fila-
ment and the continuous fiber, as the feed rate and the per-
centage fiber volume can be controlled easily. Critical pro-
cess parameters such as nozzle diameter, flow rate and fiber 
diameter must be maintained to get optimal impregnation. 
Researchers have also utilized other impregnation methods, 
such as feeding fibers along with the polymer filament or 
dual nozzles, to supply polymer and continuous fiber simul-
taneously, as shown in Fig. 17. It is noteworthy that a dearth 
of research work is available on the use of continuous fiber 
to reinforce thermoplastic waste matrix. Hence, to enhance 
the mechanical property of recycled plastics, the concept 
of nozzle impregnation can be fully explored with various 
waste-derived feedstocks.

Fig. 15   a The Zero Waste Lab established in collaboration with Coca-Cola [102]; b Bench designed for the city of Amsterdam [101]; c 3D 
printed bench from waste [100]

Fig. 16   3D printer head utilizing the filament and continuous fiber for 
product fabrication using in-nozzle impregnation [107]

Fig. 17   FDM-based 3D printing 
by a feeding of fibres along with 
filament; b separate feeding of 
fiber and filament [106]

Fibre spoolFilament spool

Nozzle 1Nozzle 

Filament spool Fibre spool

Reinforcement
Reinforcement

Nozzle 2

Build platform

(a)
Build platform

(b)
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Conclusions

Plastics are not imminent to biodegradation; their putre-
faction (decomposition) contaminates the environment 
and causes harm to ecology. Recycling plastic waste is 
the most beneficial method to valorize post-consumer plas-
tics, adding value to the nation's circular economy. Usu-
ally, plastics degrade in 10–450 years. From the historical 
point of view, through plastic recycling, large central-
ized plants can produce low-value commodities. Further, 
desktop 3D printing (FDM-based printers) is capable of 
producing complicated plastic products at home instead 
of in a factory by utilizing plastic waste. The forecast for 
the upcoming years reveals that the 3D printing sector 
will increase intensively. The idea of consumers producing 
their required goods directly from their waste materials 
is one viable solution proposed in this review. This con-
cept saves consumers from purchasing commercial plastic 
products, protects the environment and enables consum-
ers to close the circular economy loop. The strength of 
parts from recycled waste is still lower than the injection 
molded counterpart, but the use of additives, especially 
from continuous fiber, seems promising to improve the 
strength of these 3D printed parts produced from waste 
feedstock.
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