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Abstract

Dynamic bond exchanging vitrimers have emerged recently due to their

malleability, self-heal ability, recyclability, and mechanical stability. Likewise,

3D printing is consciously introduced at different platforms for ease of fabrica-

tion, high throughput, cost-effectiveness, and waste reduction. These two dis-

tinctive techniques have recently made their consensus performance, resulting

from a phenomenal change in the printing field. Conventionally, thermoplas-

tic inks have been primarily used in 3D printing, owing to their effortless pro-

cessability. At the same time, thermosets were utilized for their superior

mechanical strength. However, these two essential properties have been

required to be presented in the printed material. In that scenario, thermoset

vitrimer materials have been introduced in 3D printing, where malleability

and mechanical stability have been observed in the same material. Thus, this

article details the recent vitrimer material included with the different 3D print-

ing system systems with their reported results to understand and make them

widespread. Eventually, the outlook and perspectives could be helpful to

understand and enhance this specific field.
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1 | INTRODUCTION

Layer by layer method perform additive manufacturing
systems are commonly known as 3D printing;1 and this
has enriched the polymer construction and fabrication
techniques in different fields like automotive,2 bio-
medical,3–5 energy devices, and so forth.6,7 Significantly,
an industrial embracement occurred due to their custom-
ized design ability towards the complex structure. As
well, this emerging layer by layer method has been per-
formed via “bottom-up” or “top-down” approaches.8,9

These approaches are compliant by different techniques
like fused deposition modeling (FDM),10–12 direct ink
writing (DIW),13–15 stereolithography (SLA),16,17 digital
light processing (DLP), and so forth.18–20 Each technique

has required the unique property requirements of
polymer materials (Figure 1). In addition to that, all the
systems could have the capability to produce problematic
prototypes with different performance conditions.21,22

Owing to this, polymer selection and process have been
emphasized on every occasion; along with that, the poly-
mer's rheology behavior and curing kinetics have been a
significant concern.

Generally, the different aspects of polymer material
(like melt rheology, molecular sciences, thermal and
inter/intra molecule interactions) need to be considered
for better printing outcomes.23,24 Different polymer/ par-
ticle processing methods have emerged to achieve ubiqui-
tous and prominent printed materials. However, different
polymer material (multimaterial system) and reprocess
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able ink inclusion is still challenging to overcome the
current scenario; the majorly utilized thermoset inks
have been unable to reprocess in nature, which could be
damaged the environment after their usage. In recent
trends, several discussions have been reported on the
yield of circular economy alleviating virgin plastic pro-
duction, where reuse and recycling have been performed
with potential energy consumption. Consequently, the
concern for printing material sustainability and related
interceptions (like a number of repetitions of material,
catalyst degradation, waste disposal, etc.) were reviewed
in a recent study, where in addition, they mentioned the
stringent requirement of 3D printed material recycling,
which is important to reduce global pollution. Also, the
work described the need for a circular economy promot-
ing reuse/reprocess able materials in the 3D printing
field.25 However, some processing routes could experi-
ence reasonable properties and demonstrate some cracks
after preparation. Specifically, minor construction defects
during preparation and the limitations of modifications
(i.e., architectural modification and surface functionaliza-
tion)26 have restricted their consumption. Thus, signifi-
cant demand for reprocessable inks has been investigated
to focus on reprocessing thermosetting networks; con-
temporary malleable thermoset vitrimers are promising
materials for that.

Vitrimers demonstrated covalent adaptive network
(CAN) formations had been extensively determined

the rearrangements of bonds at different conditions
without loss of network integrity, where the various
chemistries like transesterification,27–29 transamination,30

transalkylation,31 transcarbmoylation,32,33 disulfide34–36

and imine exchanges37,38 have been approached to a
large extent. This distinctive approach has been enriching
the thermal-based polymer classification, which is help-
ful providing both (thermoplastics and thermosets)
merits of polymer system. Also, vitrimer materials have
been included in different applications for specific rea-
sons; especially, 3D printing vitrimer inks have been dis-
cussed nascently. Apart from all, the pressing need for a
sustainable polymer system has been encouraging the
vitrimer ink studies for the future. In addition, the excit-
ing application involvement has been demonstrated with
the addition of nanofillers. A vitrimer nanocomposite has
been developed that exhibits an excellent mechanical
properties and rheology, which is helpful to include the
material at different fields. Significantly, various nanofil-
lers like cellulose,39 silica,40 nanoclay41 and carbon allot-
ropies (Carbon nanotube [CNT], Graphene, etc.)35,42–44

has resulted the prominent outcomes in the recent times.
Primarily, the reported functionalized silica (GLYMO
[epoxidized] and BARE) based epoxy systems were exe-
cuted the prevailed covalent transesterification exchanges;
also, the 40% addition of filler had resulted the excellent
processability without any solvent.40 And then certain inor-
ganic nanofillers have been performed; and sustainable

FIGURE 1 Material based additive

manufacturing techniques [Color figure

can be viewed at

wileyonlinelibrary.com]
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nanopapers were described with cellulose nanofibrils
(CNF)/PDMS with good stretchability and water resis-
tance. Along with that, the performed material had exhib-
ited the interfacial adhesion at 120�C for 1 h.45 In
addition, nanoclay involve nacre- mimetic structured vitri-
mer material was demonstrated and reported efficient
exchanges, reprocessing and recycling.41 At the same time,
several organic nanofillers also discussed widely, due to
their adequate property developments. The organic nano-
filler CNT has been studied often with different vitrimer;
and the incorporation of CNT could be helpful to enhance
the light to heat conversion.46,47 And hence, the inclusion
of MWCNT with the epoxy had resulted the evident high
performance electromagnetic interference shielding. In
that, the addition of 1% had resulted the excellent shield-
ing capability; and through the alcoholysis process
MWCNT was segregated and collected at 180 �C for fur-
ther usages.42 Similarly, graphene inclusion was detailed
with various vitrimer systems; and we have reported the
graphene oxide involved epoxy vitrimer with disulfide
exchanges. The performed material had determined the
self-healing and shape memory at 60�C for 5 min.34 Sub-
stantially, some more biobased nanofiller involve vitrimer
investigations have been reported.48 This outlook explains
that the vitrimer is a cross-linked polymer network and
the nanoparticles dispersion throughout the material
could create a material with high yield stress and viscosity,
and which also making it ideal for printing applications.

In overall, till reported 3D printed vitrimer materials
have been listed within this manuscript with their chemis-
tries, properties, and advantages. Future prospects, out-
looks, and required studies at areas of interest have been
mentioned with some critical details for the future interest.

2 | OVERVIEW OF 3D PRINTING
AND VITRIMERS

A complex system design manufacturing of the material
has been simplified by introducing 3D printing techniques

and which were commercialized in 1986- with the effort
of Charles Hull- through the stereolithography (SLA) pro-
cess.49 Since then, prevailing systems and various tech-
niques have been introduced to ease processing. These
sophisticated methods are intrigued to exchange the prob-
lematic construction encouraging systems. Besides that,
simple computer-based (CAD) 3D design has opened the
vast area to application-based utilization.50 Also, in recent
times evolved G-code programming techniques are helpful
to prepare the samples via coding.51

Conventional subtractive (machine handling manual
production) processing systems had been performed to
achieve the different geometrics via carving procedures.52

At the same time, 3D printed system has been manufac-
tured based upon the additive inclusion process method.53

These remarkable production technique and functional
material inclusion have been endeavored the several indus-
trial and research communities to produce high throughput
and low cost/material wasting systems (Figure 2).55–57

However, some more hindrances have been occurred to
perform in the major applications field due to their limited
polymer usages, curing kinetics, printing constraints, and
so forth.21,58–60 Thus, the material selection in the 3D print-
ing system has always been the primary key to attaining
the targeted goals. Altogether, these mass speculative 3D
printing material issues have been noticed, and adequate
reports have been published recently.14,16,49,56

Generally, thermoplastic-based 3D-printed systems
have evolved due to their ease of the processing and tem-
perature independence.61 In contrast, thermoset printed
materials have prominent mechanical properties linked
to their crosslinked states; however, the nonprocessable
and specific curing conditions (i.e., except photopolymer
certain temperatures are required for curing the conven-
tional polymers) have restricted their presence in several
fields.62 To mitigate this constraint, Wang et al. have
investigated and emphasized the bio-based thermoset in
3D printing materials, which could have degraded effec-
tively via the environmental conditions and provide a
sustainable circular bioeconomy; though, the material

FIGURE 2 Utilization of functional

polymers for different applications via

3D printing54 [Color figure can be

viewed at wileyonlinelibrary.com]
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properties (like geometrical stability) have not been
comparable like a synthetic polymer utilized printed
materials.63 Thus, dynamic chain exchanges such as
disulfide, transesterification, trans amination, trans car-
bonation and other covalent networks demonstrate ther-
moset materials are needed to be included in the 3D
printing system. To this acclaim, substantially emerged a
new class of thermoset vitrimer has been recommended.
The vitrimer was discovered by Leibler et al. at 2011.64

Since then, an adequate study has been reported to
understand the fundamental dynamic chemical changes
and several other factors like a filler addition, functional
group, reaction condition, and so forth.33 Altogether, per-
formed material exhibited silica-like glass behavior,
which followed the Arrhenius equation after their topol-
ogy freezing temperature (Tv). However, if the Tv situates
before Tg, that could be restricted their flow and follows
William-Landel-Ferry (WLF) equation for a certain
period.65,66 Also, minimum activation energy (Ea) has
been required to initiate the bond exchanges.67 Overall,
the vitrimer material performances have been analyzed
with different aspects, and various studies could be dem-
onstrated in detail is helpful to include this 3D printed
system. Furthermore, advancement in material perfor-
mance and recently demonstrated vitrimer 3D systems
have been detailed in this report with several prospective
for future enhancement. Some more material has been
discussed for replacing the similar system to attain the
same and the significant efficiency.

3 | RHEOLOGY VITRIMER INKS

Rheological studies of polymer (non-newtonian) is helpful
to estimate the visco-elastic property of materials.68 Signif-
icantly, vitrimer demonstrating silica-glass like behavior
and topology transition temperature (Tv) that has been
obtained via the rheological rubbery modulus related
extrapolation method.66,69 Likewise, an efficient 3D print-
ing depends with material rheological properties, where it
has been estimated to organize the print parameters.70

Owing to this, the optimum condition for achieving the
vitrimer 3D printing recommends through rheology test-
ing's. However, already the changes in chemical composi-
tions and the filler incorporations have been resulted the
prominent changes in rheological conditions of vitrimers,
as well as, printing materials.71,72 Thus, the evaluation of
superior printing material rheological behavior would be
helpful to adjust vitrimer material rheological behavior
with the above-mentioned manner and could result the
efficient 3D printing constructions.

Substantially, vitrimer thermosets have been demon-
strating the prevailed thermo- mechanical properties, hence

that high-yield stress has been observed in the performed
materials.73 At the same time, viscosity drops after the
Tv; where the covalent exchanges have commenced and
sudden drop of viscosity denotes the transition flow from
William-Landel-Ferry to Arrhenius equation.66,74 Also, rhe-
ological studies exhibited tan delta values determine the
material deformation; and the reported vitrimer exhibits
tan delta values have described the material is flexible and
good to perform the printing.75 Altogether, vitrimers dis-
playing high-yield strength, low viscoelasticity at high tem-
perature and lower tan delta values are supporting that the
material can effectively utilized via 3D-printing techniques,
and making suitable for an engineering application.

4 | DIFFERENT 3D PRINTED
SYSTEMS WITH VITRIMER INKS

Several additive manufacturing techniques have been
developed in recent years- to achieve specific properties
that contain material components. Significantly, ther-
moset photopolymer inks have been demonstrated with
the specific printing process methods; likewise, nas-
cently reported 3D printed vitrimer systems were per-
formed via particular printing techniques (also specified
in Table 1). Accordingly, printed designer-based vitri-
mer ink studies have been categorized and detailed
below with novel insights for a better understanding:

4.1 | Digital light processing

In the current scenario, various vitrimer materials have
been demonstrated with a DLP system, where this
enrichment has been occurred-due to the ease of print-
ing, high speed, high resolution. However, ink photopoly-
merization and dynamic reactions would be the key
aspects for perfect material outcomes in DLP systems.
Significantly, the resulted material remolding and repro-
cessing need to be comprehended. Thus, an initial study
in DLP 3D-printing vitrimer was described through the
bond exchangeable TBD catalyst-based epoxy thermoset
polymer, where the transesterification mechanism helps
to change their networks during the presence of a stimu-
lus. The study demonstrated the hybrid (acrylate- epoxy)
thermoset ink, which contained bond exchange reactions
based on the ester exchanges (Figure 3a,b). Also, the
developed hybrid ink contained photo curable acrylate(P)
and thermal curable epoxy(T) in it; and P: T weight ratio
were 7:3, respectively. Also, the study mentioned that
solvent-based reprocessing of bulk material had achieved
through the ethylene glycol and TBD catalyst dissolving
process (for 8 h) (Figure 3c). Subsequently, attained
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material was added to the photo resin (earlier mentioned
weight ratio) and extended their reprinting ability several
times.

The printed material mechanical properties were dis-
cussed regarding the curing conditions, which was more
critical in thermoset vitrimer 3D printing systems. The

TABLE 1 3D-printed vitrimer materials

Printing
technique Materials Chemistry Reprocessing/recycling

Change in
efficiency (after
first cycle)

Shape
memory Ref

Digital light
processing

Photocurable acrylate and
thermal curable epoxy with
5,7- triazabicyclo [4.4.0]
dec-5-ene (TBD) catalyst

Trans
esterification

Dissolved in Ethylene Glycol
(EG) at 8 h*

From 46.3 MPa to
37.8 MPa*�

120�C 76

Mono-, Bi- and Tri-
functional acrylate
monomers with Zn(OAC)2,
1,5,7-triazabicyclo(4.4.0)
dec-5-ene (TBD),
triphenylphos- phine (TPP)
and Miramer A99

Trans
esterification

180�C for 4 h# 99%� 180 and
60�C

77

Thiol- acrylate with
triphenylsulfonium
phosphate catalyst

Trans
esterification

— — 100�C
for
10 min

78

Methacrylate with di epoxy
(BPA epoxy resin
(DER331), Ethylene glycol
diglycidyl ether (EGDE)
and resorcinol diglycidyl
ether (RDGE))

Trans
esterification

190�C for 1 h with 7 MPa$

200�C for 30 min#
— — 81

Ethylene glycol bis-
mercaptoacetate (EGMA),
glycerol 1,3-diglycerolate
diacrylate (DG2A) and
trimethylolpropane tri
acrylate (PT3A)

Trans
esterification

180�C for 4 h# 100%#� 20�C 79

Diallyl boronate (DABo),
pentaerithrytol tetrakis
(3-mercaptopropionate)
(PETMP) and diallyl
phthalate (DAP)

Trans
esterification

65�C for 16 h# — — 80

Fused deposition
modeling

PDMS-based linear elastomer
and carbonyl cross-linker

Transamination Heat gun for a few minutes
and then annealed at
70�C.$#

100%� — 82

Direct ink
writing

bisphenol A diglycidyl ether
(DGEBA), fatty acid, Zn
(Ac)2 catalyst and nanoclay

Trans
esterification

Dissolved in EG at 180�C for
6 h with high-vacuum
condition*

ffi100%� — 85

Stereolithography Acrylate prepolymer,
hydrogen-bond supplier
acrylamide (AM), acrylate
monomer tetrahydro-
furfuryl acryl- ate, photo
initiator Diphenyl
(2,4,6-trimethylbenzoyl)
phosphine oxide (TPO),
and TBD catalyst.

Trans
esterification

Dissolved in EG at 180�C*;
180�C for 1 h with a 1000
psi pressure$; 180�C
for 1 h#

— — 86

Note: *, depolymerization; �, tensile strength; #, self-healing; $, fragment reprocessing.
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first stage photocured 3D printed materials had exhibited
mechanical strength (modulus: 10.0 MPa, strength:
1.5 MPa) was lesser than the pristine photoinitiator mate-
rial (modulus: 249.5 MPa, strength: 12.0 MP); where the
epoxy had been behaving as a plasticizer in the network.
Though after thermal curing, the performed material had
displayed the prominent modulus (2.23 GPa) and
strength (46.3 MPa). This enrichment was helpful to con-
struct the actual time conditions involving systems. This

kind of curing detailed kinetics study would also be bene-
ficial to understand the ambivalence in this specific field.
Additionally, the report described shape memory per-
formed actuator behavior with prevailing explications,
instigating further related studies.76

Similarly, different catalysts utilized transesterifica-
tion reaction mechanisms demonstrated with the acrylate
monomers DLP 3D printing investigations. Also, experi-
ments were performed with various catalyst-based

FIGURE 4 Dual-wavelength induced samples structures: (a) rectangular and (b) gripper. Based upon wavelength, the material response

has depicted: (c) rectangular sample induced with higher wavelength (405 nm) has regained their position after Tg; though shorter

wavelength (365 nm) exposed material retained their position even after reaching Tg- due to the curing and releasing of Bronsted acids.

Apparently, higher wavelengths only solidifies the specified portion of the sample, thus, it regains their structure. Similarly, (d) represented

based on their wavelength exposure.78 [Color figure can be viewed at wileyonlinelibrary.com]

FIGURE 3 (a) Two-stage curing

process of DLP 3D printed samples: First

stage photopolymerization and second

stage thermal curing. (b) Various printed

samples. (c) Recycling of printed

samples.76 [Color figure can be viewed

at wileyonlinelibrary.com]
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reaction changes had been notably enhanced the insights
about vitrimer reaction at printing system. Similarly, the
recent report introduced commercially available Miramer
A99 as an esteemed catalyst in place of conventional
amine and zinc-based catalysts. Accordingly, the different
catalyst-involved system percentages were noted; 15 wt%
A99 catalyst provided faster relaxation times (102 min)
than the 5 wt% catalyst applied system (634 min).
These well-defined optimized results were instigated the
different conceptions about the attained material; most
importantly, the estimation of catalyst/ free OH groups
could be helpful to understand the proficient transesteri-
fication covalent exchanges promoted vitrimer system in
the 3D-printing system. In addition, the material exhib-
ited self-healing at 180�C for 4 h with 99% recovery; and
triple shape memory at 180/60�C.77 Afterward, photo
latent catalyst involved thiol-acrylate vitrimer study had
been reported with dual-wavelength DLP 3D printer.
Explicitly, triphenylsulfonium phosphate catalyst included
thiol- acrylate was cured initially with visible light
(405 nm), which had not resulted in the premature release
of Bornosted acids. Whereas, during the UV (365 nm)
exposure, the photo latent catalyst had rendered to trigger
the Bronsted acids in the network; and that was helpful to

efficiently catalyze the transesterification reaction. In addi-
tion to that, the mentioned photocatalyst effect was deter-
mined by the shape recovery test, where the illustrated
Figure 4a–d detailed the different wavelength exposed
sample areas.

In accordance, higher wavelength (405 nm) exposed
area had regained their original structure after heating at
100�C for 10 min (above Tg); however, the shorter wave-
length UV (365 nm) exposed area was not retained in the
same fixed position even after increasing temperature,
which had been described due to their utilized acid-
catalyzed topological arrangement. This specific advan-
tage has ensured the possibility to print the defined 3D
object without limitations.78

Comprehensive studies have been reported about the
thiol-acrylate vitrimer for DLP printing. To estimate the
impact of molecular structure, functional groups/ester
moieties, and structure–property relationship based on
the photoreactivity. As a result, it was assumed that the
available ester moieties improved the curing kinetics;
however, the presence of thiol-acrylate had the opposite
effect. The team performed different samples containing
diverse acrylate and thiol combinations. In that, EGMA-
PT3A (ethylene glycol bis-mercaptoacetate (EGMA), glyc-
erol 1,3-diglycerolate diacrylate (DG2A) and trimethylol-
propane tri acrylate (PT3A)) sample had resulted in a
complete recovery after healing at 180�C for 4 h and actu-
ating shape recovery behavior at 65/20�C.79

In contrast, the traditional catalyst-based vitrimer
material printing was superseded with a catalyst-free

FIGURE 6 (a) Recycling process of recycling polyurea vitrimer

ink used 3D printing samples; (b) Repairing of the cut samples with

a heat gun.82 [Color figure can be viewed at

wileyonlinelibrary.com]

FIGURE 5 (a) Boronate crosslink exchange networks. (b) the

printed structure of ice cream cone and ice cream and (c) welded

them at 65�C for 16 h.80 [Color figure can be viewed at

wileyonlinelibrary.com]
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boronated ester system, which also had promising results.
The introduced dynamic boronate (diallyl boronate
monomer [DABo]) crosslinkers was helpful to initiate
covalent exchanges; however, for the dimensional stabil-
ity, conventional static phthalate (Diallyl phthalate
[DAP]) crosslinkers were included in the thiol-ene
systems (Figure 5a). Thus, investigated systems were
modulated with different mol% of dynamic and static
crosslinkers, resulting in a difference at the printing.
Overall, 25 mol% of dynamic DABo inclusion provided
the superior fidelity to print the excess complex construc-
tions. Owing to that, complicated constructions had
shown precisely; also, the boronate ester rearrangements
were helpful to attain the postprinting material had
welded together at 65�C for 16 h (Figure 5b,c).80 This
reported system has been intrigued to promote catalyst-
free vitrimer studies into a 3D-printing system, where the
catalyst complication could be suppressed.

Apart from that, some naturally derived bio-based UV
curable dimethacrylate (DMA) synthesized compounds
were used as a printing material to restrict nonrenewable
feedstock (acrylate and methacrylate monomers) based
vitrimer material in 3D printing. Although, the reported
study had demonstrated the transesterification reaction
and aa good outcome like a conventional vitrimer system.
The two-step reaction derived diepoxy MDA vitrimer
material was contained the abundantly available dimer
acid (DA) in their network with glycidyl methacrylate

(ffi66–62.5 wt% of biobased content). Also, the resulted
material property changes were instituted based upon the
chain segmental changes of two methacrylate groups and
different epoxy (BPA epoxy resin (DER331), Ethylene gly-
col diglycidyl ether (EGDE), and resorcinol diglycidyl
ether (RDGE)) was used to understand the specific
changes. Overall, the DER331 included sample had
resulted in superior tensile strength (�9.2 MP) than the
control sample. Owing to that, further recycling and 3D
printing had been demonstrated with the same sample.
The MDA-DER331 sample reprocessing was determined
at 190�C for 1 h with 7 MPa pressure and self-healing at
200 �C for 30 min. Moreover, this material was per-
formed for printing and eventually obtained the pre-
scribed 3D object; however, further thermal curing
(at 110�C for 2 h) had recommended, and welding of the
printed system was described at 160�C for 2h.81

4.2 | Fused deposition modeling

In recent years, the most popular additive manufacturing
technique, fused-deposition modeling (FDM), has been
used with various vitrimer materials due to its ease of use
and speed. In general, the FDM system has been used to
perform with thermoplastics material, where the
extruded sample requires malleability and a high-glass
transition temperature for better printing. Significantly,

FIGURE 7 (a) Reprocessable and photocurable acrylate vitrimer ink used 3D printing system and the process of photo polymerization

and heat curing/reprocessing. (b) Transesterification promoted acrylate vitrimer preparing monomer, prepolymer, catalyst, and initiator

chemical structures. (c) Photopolymerized permanent cross link networks (blue) and hydrogen (green). (d) Thermal activated dynamic

esterification covalent linkages. (purple, yellow, orange, and green).86 [Color figure can be viewed at wileyonlinelibrary.com]
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thermoset materials were not malleable; particularly,
FDM printing caused breaks at adjacent lines during con-
tinuous printing. In that scenario, the establishment of
thermoset has been achieved through the introduction of
vitrimer materials in the FDM.49 Initially, polyurea vitri-
mer was utilized in FDM studies, where the heat-driven
malleability favored the extruding filament for superior
layer interfacial adhesion. Also, the topology transition
temperature near postannealing conditions (at 70�C for
20 h) had confirmed the good adhesion and 3D object
formations with isotropic properties. The performed poly-
urea material was exchanging their covalent networks
via the transamination exchange mechanism, and that
study reported five consecutive recycling of the samples
(Figure 6a).

The recycled system's resulting efficiency was
almost similar to a pristine sample, which had been
evaluated based on their tensile studies. And after fifth
recycling, the material was exhibited a 19% reduction
on their young's modulus, where it was negligible and
considerable in vitrimer systems. Along with that, the
repairability of the printed material had observed while
reattaching two separated parts with a heat gun (for a
few minutes) and following annealing (70�C) of the
samples (Figure 6b).82 These remarkable properties pre-
sented vitrimer material incorporation at FDM has
been intrigued to proceed further research with differ-
ent vitrimer chemistry describing material; to achieve
the high-throughput productions.

4.3 | Thermoplastic vitrimers

This article has solely discussed the thermoset vitrimer
material in 3D-printing, where it was predominantly per-
formed at recent times. Whereas some of the thermoplas-
tic vitrimer had been used via FDM printing techniques;
the detail of that would be helpful to enhance the overall
importance of this article. Owing to that, the newly intro-
duced thermoplastic vitrimer 3D printing studies have
been described here:

Primarily, thermoplastic vitrimers were introduced to
increase the mechanical strength like a thermoset mate-
rial. The same strategy has been explored in 3D printing
to experiment and obtain fine printing with adequate
mechanical stability. Thus, thermoplastic olefins (TPO)
crosslinked with covalent networks has been proposed,
where it's prescribed due to the TPO's abundant availabil-
ity and restricted utilization on additive manufacturing.
Hence the study reported vitrimer formation by the poly
propylene (PP) (TPO) two-stage reaction extrusion pro-
cess, and their exchanges were performed via transesteri-
fication exchange mechanism. Altogether, PP was grafted

with maleic anhydride and resulted in material interacted
with a multifunctional thiol to acclaim the thio-ester
crosslinking bonds. These crosslinking networks were
helpful to retain the printed mechanical shape stability-
even while increasing the temperature above at their Tm.
Owing to this, various amounts of thiol (6%, 20%, and
40%) inclusions were investigated. However, the material
containing 6% thiol content had resulted in the promi-
nent printing outputs due to the overall low-additive con-
tents than the other systems.83

Subsequently, 4D printable thermoplastic vitrimer
material was demonstrated to translate the PCL
(ϵ-caprolactone), where it had exhibited a superior heat
resistance than the commercial PCL printed material.
The reported vitrimer networks had achieved via a
two-step reaction process. Initially, the diol contained
PCL was transformed to the urethane contained PCL
with presence of isocynate and Zn(acac)2 catalyst; then,
prepared urethane networked PCL was introduced with
the poly (styrene-co- allyl alcohol) (PSA) to achieve
transesterification exchanges promoting vitrimer sys-
tem. After that, prepared material printed via FDM
and obtained material has described the self-healing
(at 160�C for only 1 min), reprocessing/recycling
(170�C under 10 MPa for 30 min), and shape memory
properties (at 60�C; shape reconfiguration at 120�C).
This shape memory property behavior extended the 3D
printed material as a 4D printed material, where the
material has an ability to tend towards reversible shape
programming.84

4.4 | Direct ink writing

Another promising 3D printed system, DIW, was also per-
formed along with the vitrimer thermoset material, which
could prevalently promote composite printing. In the
same manner, nano clay, including epoxy vitrimer, was
printed via DIW. The catalyst-based epoxy vitrimer had
described the transesterification reaction, and also 18% of
nanoclay filler was added to it. This homogenous epoxy
mixture was pre-cured (at 130�C for 30 min under vac-
uum) and put into the printer. Then the extruded filament
derived 3D printed part was first cured at 60�C for 20 h
and fully cured at 130�C for 6 h under vacuum conditions.
And the material had designed and printed in various
shapes to optimize the feasibility of prudent printing;
also, the printed material has exhibited self-healing and
recycling. The recycling of the printed material was per-
formed by the ethylene glycol (EG) dissolution process.
The polymer had immersed in the excessive EG at 180�C
for 6 h with the high vacuum condition. Subsequently,
polymer dissolved solution containing EG was evaporated
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for 8 h, the obtained polymer was printed as before the
mentioned procedure. However, the curing conditions
had changed in both the cycle, where it was performed
the pre and complete curing at 80 �C for 20 h and
180�C for 4 h. Further, the efficiency of the recycled
sample was evaluated with tensile studies, resulting
in pristine material-related strengths with incidental
decays.85 The composite vitrimer 3D printing system has
been enhanced the current research towards the vast
inductions.

4.5 | Stereolithography

In the current scenario, stereolithography 3D printing
is the competitive technique that belongs to other
printing technologies; and their substantial-high preci-
sion and smooth finish make them essential in this
field. In general, monomer or oligomer (low viscosity)
photo resins have been used in SLA- to limit the
shrinkage at the printed parts. Thus, the photocuring
acrylate prepolymer was newly performed for printable
dynamic ester exchange and promoted vitrimer material
production.

The study reported that the thermoset vitrimer
involved a printing system with sacrificial hydrogen bonds,
which was helpful to withstand the external mechanical
loads. Firstly, acrylate oligomer prepared by one-pot reac-
tion with the β-hydroxyl ester and pendent amide cross-
linked networks, after that hydrogen supplied acrylamide
(AM) introduced with the catalyst (Figure 7a–d). Overall,
the photocuring and heating of the printed material
resulted in a smooth and fine printed system; as well as,
the addition of different percentage hydrogen supplier AM
(0, 5, 10, 15, and 20) had involved, for understanding their
mechanical bearing capability (The addition of 20% had
resulted in a tensile strength and young's modulus 40.1
and 871 MPa, respectively; and this was 4.4 and 3.85
times higher than the control samples). Moreover, the
performed material was described the thermomechanical
re-processibility (at 180�C for 1 h with a 1000 psi pressure),
and solution-based chemical recycling was detailed with
ethylene glycol dissolution at 180�C; also, prominent self-
healing behavior (at 180�C for 1 h) was noted.86 This
imparts the SLA printing study for future endeavors and
the new vitrimers (Table 1).

5 | OUTLOOK AND PERSPECTIVE

As of now, well-established traditional 3D printed mate-
rials have been used in a variety of applications such as
soft robotics,87,88 solid electrolytes,89–91 dye-sensitized

solar cells92,93 and soft/flexible electronics.15,94,95 Due to
their limited processability after curing, thermoset addi-
tive manufacturing studies were avoided. Furthermore,
the lack of recyclability/ reprocessability has limited their
use in some industrial and high utilized applications, as
well as, an inadequate sustainability has reduced their
occurrence in recent times. Thus, the prominent vitrimer
chemistry mechanism experiencing material has been
included in the 3D printing techniques with different for-
mation (Precursors: before curing, UV curing and after
curing; Cured: reprocess/ recycle filaments). As well as,
most likely thermoset vitrimer 3D printed material would
be made them access in the vast area of application
with the superior processability. Presenting cohesive
advanced, smart, and efficient vitrimer material 3D print-
ing systems has enriched the several studies, which
entangled the two different state-of-art systems together to
attain the pressing future needs for sustainable smart
materials; also, it could be utilized for a several engineer-
ing applications. Although, some of the vitrimer materials
only have been demonstrated via a 3D printing system;
due to their curing kinetics and printing ink preparations.
Overall, the data reports presented here would be appro-
priate for estimating the minimum requirement and com-
prehending the processing steps prior to/after printing.

The majority of the 3D printed vitrimer systems dis-
played their exchanges via transesterification mecha-
nisms, which has been heavily emphasized in recent
trends in vitrimer materials. And nearly all of the printed
materials required a catalyst for their exchanges, whereas
newly discussed catalyst-free studies have provided new
insights to perform the same type of materials. Aside
from that, only a few different chemistries were used in
the 3D printed vitrimers. As a result, different evolved
vitrimer chemistry executing materials must be per-
formed with various 3D printing techniques. Particularly,
room temperature self-healing and presuming disulfide
exchange chemistry promoted vitrimer studies could be
introduced in this system for promising future outcomes
are highly recommended.

Overall, the effect of thermoset vitrimer in 3D-printed
has resulted in efficient production, and their inclusion
in various fields is expected in the near future. This dis-
cussion could be beneficial in achieving sustainable high
throughput 3D printed systems, as well as vitrimer
chemistry/material establishment, would enrich real-time
applications.
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