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Over the past years, poly(lactic acid) or polylactide (PLA) is commonly
researched as a possible replacement for traditional fossil-based polymers
because of its compostability, biocompatibility, and high mechanical
properties. PLA has a variety of applications in packaging, biomedical, and
structural. However, PLA has limitations, such as high brittleness, low
thermal stability, and a slow crystallization rate, which limits the wide range of
applications. To overcome these limitations, the literature reports that
blending PLA with other polymers, such as poly(�-caprolactone) (PCL), is an
economically viable approach. Although blending PLA with PCL is considered
a feasible approach, the blend system still su�ers from immiscibility,
depending on the blend composition. This review aims to highlight recent
developments from ���� to date on the processing of PLA/PCL blends,
including their composites, with a primary focus on morphological
characteristics and mechanical and thermal properties, including their
potential applications in various sectors.
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�. Introduction
In the past few decades, there has been a
welcome paradigm shift toward the devel-
opment of renewable and biodegradable
polymers. This is due to the damage that
petroleum-based polymers have caused
(and is still ongoing) to the environment.
Additionally, there is pressure from com-
munities and governments regarding
legislation and regulations to produce
environmentally friendly materials without
creating harmful by-products.[���] This
can be achieved by reducing the depen-
dence on petroleum-based polymers. This
is con�rmed by more than ��% of the
year-on-year annual sales growth rate of
biodegradable polymers, which has signif-
icantly improved the economics of sales of
biodegradable polymers.[�,�]

Biodegradable polymers are de�ned as polymers that de-
grade, break down, and catabolize into carbon dioxide (CO�)
and water (H�O) by microorganisms in the natural environ-
ment. This is a suitable solution to avoid and limit undesir-
able practices, such as dumping in unauthorized areas, which
may lead to incineration and potentially contribute to global
warming.[��	] Among biodegradable polymers, poly(lactic acid) or
polylactide (PLA) is an extensively researched polymer. PLA is an
aliphatic polyester with unique compostability, biocompatibility,
and processability.[�����] PLA is derived from renewable sources,
such as corn, potatoes, molasses, tapioca, cane sugar, and rice. It
is chemically synthesized using lactic acid (LA) asmonomers, ob-
tained from renewable sources through fermentation.[�
���] The
fermentation process consists of two types: heterofermentative
and homofermentative, of which each depends on the type of bac-
teria used. PLA is synthesized by di�erent polymerization meth-
ods, such as ring-opening polymerization, polycondensation, in-
cluding direct methods, for example, enzymatic polymerization
and azeotropic dehydration.[��,��]
PLA has a glass transition temperature (Tg) of ��� °C.[��] It is

considered the most promising polymer material due to its ideal
environmentally friendly, low density, ease of conversion into
di�erent forms, and low processing temperature compared to
metal and glass.[�	,��] However, it has some drawbacks that limit
its wide application, including brittleness, low impact strength,
low thermal and hydrolysis resistance, and slow crystallization
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Figure �. a) Number of publications by year and b) number of publications by country (the �rst �ve) on biodegradable polymer blends. Data were
obtained from Scopus on �	 January ���� using the following keywords: biodegradable polymer blends.

rate.[��,��] PLA has the potential to replace traditional fossil-based
polymers; therefore, researchers focus on polymer blending to
overcome its drawbacks.[�
,��] In this regard, biodegradable poly-
mers, including natural �llers are often studied/used to improve
general properties without altering the biodegradable nature
of PLA.[�
]
Several biodegradable polymers, such as poly(�-

caprolactone) (PCL), poly(butylene adipate-co-terephthalate),
poly(butylene succinate-co-adipate), poly(butylene succinate),
poly(hydroxybutyrate), and chitosan (CS), have been blended
with PLA to improve its processability and overall properties.
This has become an economically sustainable route to achieve
new materials, especially in industrial applications.[��,���
�]
Blending PLA with PCL has gained considerable attention from
researchers due to the desirable properties emanating from the
blending that result in various applications.[

�
�] This has been
shown to be important among other biodegradable blends and
their nanocomposites.[
�] PCL is among the polymers commonly
used to overcome the limitations associated with PLA.[
����] This
is due to its �exibility, ease of processability, biocompatibility,
and biodegradability. PCL is a semicrystalline synthetic thermo-
plastic polymer. An aliphatic polyester with Tg around ��� °C
andmelting temperature (Tm)��� °C.[�
] PCL has a hydrophobic
character, low viscosity, and the capacity to bemiscible with other
polymers. Its physical and mechanical properties are in�uenced
by molecular weight and degree of crystallinity.[��]
In general, the literature has described blending PLAwith PCL

as a suitable method to improve the ductility of PLA, which in
turn leads to improved toughness and impact strength.[��] How-
ever, the PLA/PCL blend is known to be thermodynamically im-
miscible and is characterized by phase separation, leading to a
possible deterioration of the blend properties.[�����] Research in-
terest has developed in establishing compatibilization methods
as a suitable route to overcome the immiscibility of blends and re-
sults in improved interfacial adhesion.[�	���] However, with the of-
ten considerable percentage content of PLA within the blend, the
compatibility between PLA and PCL tends to be poor.[��] There-
fore, several authors have reported the use of multifunctional
epoxy-based chain extenders to improve the compatibility of im-
miscible blends by improving their melt strength.[�
���]

In many cases, except for the use of compatibilizers, re-
searchers have incorporated �llers, such as carbon black (CB),
organoclay, and carbon nanotubes (CNTs) into immiscible poly-
mer blends to provide an alternative way to modify their interfa-
cial properties.[��] In this direction, Mtibe et al.[��] reported that
incorporating environmentally-friendly �llers, such as cellulose,
lignin, and hydroxyapatite (HAp), could improve the mechanical
performance of polymers. Eng et al.[�	] observed that the addi-
tion of nanoclay improved the mechanical properties and ther-
mal stability of PLA/PCL blends. In addition to the �llers listed
above, several authors have reported the advantage of graphite-
based nanoplatelets (GNPs), such as graphene and/or graphene
oxide (GO), as a reinforcing agent due to their high mechani-
cal performance.[��,��] However, in a multicomponent polymer
matrix, another advantage is the conductivity of GNP.[��] This is
con�rmed by the number of published works on biodegradable
polymer blends, including PLA/PCL blends (Figure �). There are
����� publications, with China and India being the most ac-
tive countries. Generally, conventional polymer blends have been
studied in the past few decades, and the literature has reported on
their positive attributes in di�erent sectors. To address the chal-
lenges of conventional polymers, research on the advancement of
nanocomposites of biodegradable polymer blends has proven to
be feasible and relevant to environmental sustainability. Recently,
the trend toward biodegradable polymer blends has become a
promising alternative to conventional polymers; therefore, it is
important to evaluate and share the latest progress. The purpose
of this study is to consolidate and critique the known knowl-
edge on the possibility of blending PLA and PCL, prepared with
various compatibilizers and nano�llers as reinforcements. Their
morphological characteristics, mechanical and thermal proper-
ties, including their applications, are discussed. This review dis-
cusses recent advances inmaterial properties of PLA/PCL blends
and their nanocomposites developed over the past decade, that is,
from ���� to date.

�. Properties of PLA/PCL Blends
PLA has a few limitations that hinder its broad application in dif-
ferent �elds.[��] To overcome these limitations, researchers have
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Table �. Selected studies on types of morphologies of PLA blended with PCL.

PCL in the
blend [%]

Preparation method Type of morphology Filler/
compatibilizer

Remarks Refs.

���
� Melt blending Matrix-dispersed
morphology

Pluronic A better distribution with reduced PCL droplet size in
the immiscible PLA/PCL blend was observed.

[�
]

Melt blending Matrix-dispersed
morphology

Capa ����A and Capa ���
 A partial distribution of the reduced PCL droplet size
within the PLA phase was observed.

[��]

Extrusion Matrix-dispersed
morphology

� Evenly dispersed PCL droplets within PLA matrix
observed in SEM micrographs of the
tensile-fractured surface.

[��]

Extrusion Matrix-dispersed
morphology

Electron-beam irradiation in
the presence of glycidyl
methacrylate

Reduction in PCL droplet size within the PLA matrix
in compatibilized PLA/PCL blend.

[�	]

Extrusion Matrix-dispersed
morphology

Cellulose nanocrystals A uniform distribution of PCL droplets with reduced
size dispersed within the PLA continuous phase.

[�
]

Solution mixing and
casting

Matrix-dispersed
morphology

Lactide-caprolactone
copolymer

A reduction in the PCL droplet size <� µm compared
PLA/PCL blend was observed.

[
�]

����� Melt blending Co-continuous
morphology

� Observation of a co-continuous morphology with PLA
spheres dispersed in PCL, and smaller PCL spheres
dispersed in PLA spheres.

[��]

Melt blending Co-continuous
morphology

Titanium dioxide The PLA/PCL blended nanocomposite showed an
equal distribution of each of the constituents.

[��]

Melt blending Co-continuous
morphology

� Observed a co-continuous phase morphology with an
uneven distribution of PLA and PCL phases.

[��]

>�� Solution mixing and
melt blending

� Montmorillonite Observed a reduction in particle size with a uniform
distribution of PLA particles within the PCL
continuous matrix.

[��]

reported the blending with ductile polymers, including the in-
corporation of �llers as a viable approach.[�
] This plays an es-
sential role in the toughening of PLA and thus broadening its
applications.[��] Blending PLA with PCL could lead to the pro-
duction of new materials that have balanced properties. In this
report, the literature on PLA/PCL blends has been conducted,
and the phase structure, thermal, mechanical, and morphology
are brie�y discussed in the following sections.

�.�. Morphology

Polymer characterization at various structural levels is impor-
tant because it improves the properties of materials. In this con-
text, the study of the structural andmorphological characteristics
of polymers allows the dependence between their macroscopic
properties and conformations, including the interaction of poly-
mer chains.[��] Several analytical methods developed to character-
ize the morphology of polymers involve techniques such as scan-
ning electron microscopy (SEM), transition electron microscopy
(TEM), and atomic force microscopy (AFM), among others.[�����]
However, the information collected is used mainly to improve
the performance of materials. Therefore, SEM is considered the
basic characterization technique because of its ability to examine
the surface structure of the sample. Compared to SEM, TEM pro-
vides a higher resolution and is suitable for nanomaterial studies.
Furthermore, AFM has a resolution similar to TEM, except it can
also providemechanical properties, such as roughness.[��,�	] Gen-
erally, characterization techniques are a powerful tool for study-

ing structure and chemical properties. The selection of the char-
acterization technique depends on the nature of the material and
the necessary research.
In the literature, SEM micrographs show a two-phase mor-

phology that con�rms PLA�s immiscibility with PCL. As a re-
sult, the morphology shows droplets of the minor PCL phase dis-
tributed within the continuous PLA phase.[��,��] In this context,
various structures, such as matrix-dispersed and co-continuous,
can be formed depending on the blend ratio and di�erent mixing
conditions, as summarized inTable �. At a low content of between
���
� wt% PCL, a matrix-dispersed morphology is attained with
PCL droplets within the PLA matrix. The matrix-dispersed mor-
phology increases the toughness of the primary polymer. When
the PCL content is increased to �� wt%, a �ber-like lamellar struc-
ture is attained, which o�ers good barrier properties. Moreover,
when the PCL content is increased to �� wt%, a co-continuous
morphology is attained. Co-continuous morphology is often suit-
able for electrical applications (Figure �).[��]
A better distribution of droplets can be attained at a relatively

low PCL content, that is, <
� wt% within the PLA matrix. When
the PCL content increases above 
� wt%, the coalescence of the
PCL droplets is observed within the PLA matrix.[�
,��] For in-
stance, in the morphological study reported by Botlhoko et al.[��]
(Figure �), larger PCL droplets were observed when PCL con-
tent increases to �� wt%. A recent study showed that the droplet
size increases with an increase in PCL content, justi�ed by a
signi�cant increase in average particle size from 
.� to 	.� µm
when the PCL content increases from �� to �� wt%, respectively
(Figure �).[��] Mittal et al.[��] observed a co-continuous morphol-
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Figure �. Polymer blendmorphologies and their characteristic properties.
Reproduced.[��] Copyright ����, the Authors.

ogy when the PCL content increases to �� wt%. However, they
reported that the morphology was not completely co-continuous
due to the presence of PCL phase both in and around the PLA
phase, as observed from AFM micrographs (Figure �). Osta�n-
ska et al.[��] observed a similar morphology on the PLA/PCL
��/�� wt% blend. However, as with most biodegradable polymer
blends, PLA/PCL blends exhibit inadequate performance as a re-
sult of their immiscibility, leading to poor compatibility between
the two polymer components. Compatibilization is considered a
viable strategy to improve the performance of PLA/PCL blends
by improving the interfacial adhesion between the PLA and PCL
phases.
Compatibilizers play a role in improving interfacial adhesion

between the components of the blend by enabling better stress
transfer from one component to another, resulting in improved
performance of the blended material.[�	] After compatibilization,
the coarsemorphology transforms into a �nemorphology, which
aids in improving the performance of polymer blends. For ex-
ample, Wachirahuttapong et al.[�
] added pluronic as a compat-
ibilizer to PLA/PCL blends, in which � phr (parts per hundred
resin) pluronic reduced the size of the PCL droplets. However,
they also reported that pluronic particles can plasticize PCL and
PLA, as insinuated by the droplet size reduction of PCL andmore
plastic deformation in the blend, evaluated by the surfaces of the
morphological study of the broken samples, attained after tensile
tests.
Jeon et al.[�	] compatibilized PLA/PCL (��/
�w/w) blendswith

electron-beam irradiation in the presence of glycidyl methacry-
late (GMA), �xed at 
 phr. In their observations, they reported
a smaller diameter of the dispersed PCL droplets in com-
patibilized blends, attributed to improved interfacial adhesion.
Substantial improvement in interfacial adhesion was facilitated
by electron beam treatment, presumably by initiating cross-
copolymerization at the interfaces of PLA and PCL.[��] Wang
et al.[��] studied the PLA/PCL blends morphology incorporated
with Joncryl �xed at � wt%. The authors reported a reduction in

the size of PCL droplets, in which the average droplet size var-
ied from �.� to �.	 µm with increasing PCL content from �� to
�� wt% as shown in Figure �. The interface between PLA and
PCL appeared reasonably indistinguishable, showing improved
compatibility of the PLA/PCL blend with the addition of Joncryl.
Block copolymers are often used as compatibilizers to im-

prove the interfacial adhesion between the two polymer phases.
In block copolymerization, each component preferentially inter-
acts with one of the polymers present in the blend. Block copoly-
mers can be introduced into polymer blends as pre-made or in
situ made block copolymers. In a pre-made block copolymer, one
block is miscible with one component of the blend, while the
other block is miscible with another component of the blend.
Before premade block copolymers can be incorporated into an
immiscible blend as a compatibilizer, they are �rst synthesized
with suitable functionality. In contrast, in situ block copolymers
are formed during melt blending when the functional reactive
groups of the compatibilizer react with other functional groups,
for example, hydroxyl and carboxyl, of the blended components.
As a result, block copolymers are compatible with the blend
system.[�	]
Finotti et al.[��] added block copolymers, �-caprolactone and

tetramethylene ether glycol ABA triblock copolymer (capa ����A)
and �-caprolactone and aliphatic polycarbonate block copolymer
(capa ���
), to immiscible PLA/PCL blends �xed at a content
of � wt%. The morphology of the blend resulted in a reduction
of PCL droplets, mainly in the blend with a high PCL content
(�� wt%), dispersed within the PLA matrix phase. This suggests
that the presence of block copolymers suppressed the coales-
cence phenomenon, which may have promoted compatibiliza-
tion of the blends by increasing the interfacial adhesion between
the two polymers. Zhang et al.[
�] added lactide-caprolactone
copolymer (LA-CL) to the PLA/PCL (��/��) blend and observed
that �% LA-CL reduced the droplet size of PCL to <� µm com-
pared to the neat blend. This indicates an improvement in the
compatibility of the PLA/PCL blend. However, the addition of ��
and �� wt% LA-CL e�ectively emulsi�ed the blend components,
leading to a signi�cant increase in the compatibility of the blend.
It could be inferred that blends with compatibilizers have the di-
ameter of the dispersion phase reduced to <� µm by distribution
of compatibilizers to the newly formed interface and prevent co-
alescence.
Researchers have investigated the use of �ller nanoparticles

as potential compatibilizers. These nano�llers are incorporated
into immiscible polymer blends to provide an alternative route
to modify their interfacial properties.[��] In general, the compati-
bility of polymers in a blend is con�rmed by attaining a uniform
dispersion with reduced droplet size.[��] Motloung et al.[�
] incor-
porated cellulose nanocrystals (CNC) to improve the properties of
PLA/PCL ��/
� wt% blend. Upon the addition of � wt% of CNC,
they observed a uniform distribution of PCL droplets with re-
duced size. The low CNC content suppressed the coalescence of
PCL droplets, improving the compatibility of the PLA/PCL blend.
Osta�nska et al.[��] added titanium dioxide (TiO�) nanoparticles
to improve the compatibility of PLA/PCL blends. However, they
observed that the addition of � and �� wt% of TiO� had a negligi-
ble e�ect on the size distribution of PCL droplets. They concluded
that TiO� nanoparticles improved the interfacial adhesion of the
blend. Zhu et al.[��] (Figure �) incorporated � wt% montmoril-
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Figure 	. SEM images of various PLA/PCL blends magni�ed at �� mm, ×����. Reproduced with permission.[��] Copyright ����, Elsevier Science Ltd.

Figure �. Average particle size of PCL domains within the cryo-fractured
surface of PLA/PCL blends. Reproduced with permission.[��] Copyright
���
, Taylor and Francis.

lonite (MMT) into PLA/PCL 
�/�� w/w and observed a signi�-
cant reduction in PLA particle size, indicating that coalescence
of PLA droplets was suppressed as shown in TEM micrographs
(Figure �b). According to these results, MMT increases the in-

terfacial adhesion of PLA/PCL and leads to the much-improved
uniform dispersion of the PLA phase (Figure �b).
In summary, SEM, TEM, and AFM images show evidence of

phase separation, proving that PLA and PCL are thermodynam-
ically immiscible. However, the incorporation of compatibilizers
and �llers has proved otherwise, as they can overcome this short-
coming. In its di�erent forms and wide aspects, the addition
of compatibilizers and �llers suppresses the coalescing of PCL
droplets with the PLA/PCL blends.[��] Moreover, compatibilizers
assist in the preparation of polymer blends that result in a �ne
phase structure for a wider range of properties.[��] The type of
morphology obtained depends on the proportions of components
of the blends, including di�erent mixing conditions.[��] In this
context, matrix-dispersed morphology is achieved with a lower
content of the minor phase polymer within the blend, leading
to increased mechanical properties, such as obtaining a higher
toughness of pure polymers.[��] PLA/PCL ��/
�w/wprove to be a
favorable blend ratio for many applications; however, the various
blend ratios can still be used to their advantage paying attention
to the preparation method to achieve viable results.

�.�. Mechanical Properties

Their unique mechanical properties drive the focus on
biodegradable polymers, as the most suitable candidate
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Figure �. AFM phase images PLA/PCL ��/�� w/w binary blends. Reproduced with permission.[��] Copyright ����, Wiley VCH.

Figure �. Average particle size of PCL domains within the cryo-fractured
surface of PLA/PCL/Joncryl blends. Reproduced with permission.[��]
Copyright ���
, Taylor and Francis.

material to replace petroleum-based polymers for various
applications.[��,��] Most PLA-based blends are thermodynami-
cally immiscible and exhibit weak adhesion caused by high inter-
facial tension that could lead to low mechanical performance.[�
]
Modi�cations to the mechanical properties of PLA-based blends
provide materials with soft, elastic, and sti� characteristics.[�	]
However, the range of mechanical behavior of polymer blends
depends on their blend composition.[	�] Ferri et al.[	�] studied the
immiscibility e�ect of the mechanical properties of PLA/PCL
blend. They highlighted that regardless of the immiscibility of
PLA and PCL, an improvement in ductility was observed without
compromising the mechanical properties. The ���
� wt% PCL
content increased the elongation-at-break from as low as �% to
���% (Figure 	). It was observed that increasing PCL content
decreased both tensile strength and tensile modulus. This is
because of the plasticization e�ect of PCL on PLA in the blend.

Botlhoko et al.[��] also observed a reduction in tensile strength
by increasing the PCL content; however, in the PLA/PCL blend ra-
tio of ��/�� w/w, they observed balanced properties, as the blend
was simultaneously tough and �exible. Zhao et al.[	�] observed
that increasing the PCL content to ��% decreased the tensile
strength of PLA from �	.	� to ��.�� MPa. Generally, the ten-
sile strength of PLA tends to decrease with increasing PCL con-
tent, while the toughness of PLA increases as PCL content in-
creases. However, there is the possibility that toughness can also
decrease with increasing PCL content, depending on the inter-
action between PLA and PCL. In this regard, the literature has
been reported on the use of compatibilizers with the aim of im-
proving the interfacial adhesion of immiscible polymer blends,
which consequently improves mechanical properties.

�.�.�. Compatibilizers

Compatibility methods, such as polymeric and reactive compati-
bilizationmethods, are considered e�ective in improving theme-
chanical properties of biodegradable blends and can play a role
in improving the compatibility of PLA/PCL. Table � summarizes
studies on the incorporation of compatibilizers into PLA/PCL
blends. The reactive compatibilization method improves the in-
terfacial adhesion between the blended polymers.[��,	
] For ex-
ample, Przybysz-Romatowska et al.[	�] reported the mechani-
cal properties of dynamically crosslinked PCL/PLA ��/
� and
��/�� wt% blends prepared with di�erent types of organic per-
oxides �xed at �.� wt%. They observed that peroxide free radi-
cals improved PCL and PLA interaction. In addition, high ten-
sile strength and low elongation-at-break were observed in the
blend with ��% PCL. This characteristic is associated with the
brittle nature of PLA, which causes the material to become sti�.
However, when the PCL content was increased to �� wt%, the
blend resulted in a high elongation-at-break. With these results,
it can be inferred that the addition of �.� wt% organic peroxides
is su
cient to improve the mechanical properties of modi�ed
blends. However, they concluded that tert-butyl cumyl peroxide
(BU) initiated the development of the PCL-PLA copolymer, which

Macromol. Mater. Eng. ����, ���, ������� ������� (� of ��) ' ���� The Authors. Macromolecular Materials and Engineering published by Wiley-VCH GmbH

 14392054, 2024, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/m

am
e.202400056 by S

outh A
frican M

edical R
esearch, W

iley O
nline Library on [09/09/2025]. S

ee the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline Library for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons License

http://www.advancedsciencenews.com
http://www.mame-journal.de


www.advancedsciencenews.com www.mame-journal.de

Figure 
. The TEM image of a) PCL/PLA, b,b�) PCL/PLA/MMT. Reproduced with permission.[��] Copyright ����, Elsevier Science Ltd.

Figure �. Evolution of mechanical properties from tensile tests (tensile strength, elongation at break, and tensile modulus) in terms of PCL content.
Reproduced with permission.[	�] Copyright ����, Wiley.

improved the compatibilization and miscibility of the blend. In
contrast, the addition of tert-butyl peroxybenzoate (PB) yielded
di�erent results, showing the occurrence of cross-linking.[	�] The
reaction mechanism for the cross-linking of PCL and PLA in the
presence of the free-radical initiator is shown in Figure 
. Dur-
ing reactive processing, peroxides decompose rapidly, which en-

dorses easy cross-linking of individual polymers or their blends.
This can, in turn, improve the blends� morphologies. In addi-
tion, free radicals can also cause chain-scission and degradation
of PCL, PLA, or both polymers. When the degradation is not ben-
e�cial, the chains in the blends can act as plasticizers to reduce
the tension at the PLA/PCL phase boundary.[	�]

Table �. Studies on the incorporation of compatibilizers into PLA/PCL blends.

PLA/PCL blend ratio Compatibilizer Nano�ller Concentration Remarks Refs.

��/
� and ��/�� wt% organic peroxides (BU and PB) �.� wt% Organic peroxides su�ciently improved the mechanical properties of
the blends.

[	�]

��/
� wt% Joncryl �.� wt% Observed e
ective improvement in compatibility of the blend,
resulting in higher toughness.

[��]

��/
� wt% Joncryl � wt% A high elongation-at-break was observed. [��]

��/��, ��/��, and ��/�� wt% LTI �.� and �.� phr Improvement in mechanical properties with the addition of various
LTI content.

[���]

��/�� wt% LTI �.� phr The presence of LTI improved the compatibilization, leading to
increased ductility of the blend.

[��]
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Figure �. Likely the reaction mechanism for the cross-linking or grafting reaction of PCL and PLA in the presence of the free-radical initiator.
Reproduced.[	�] Copyright ����, the Authors.

In recent years, the literature has reported on the use
of chain extenders as compatibilizers to improve the me-
chanical properties of biodegradable polymer blends.[	��	�] Iso-
cyanate chain extenders, such as �-lysine triisocyanate (LTI),
�,�-lysine diisocyanate, methylene diphenyl diisocyanate, pheny-
lene diisocyanate, �,
,�-tris(�-isocyanatohexyl)biuret (Duranate
��A-���), and �,
,�-tris(�-isocyanatohexyl) �,
,�-triazinane-�,�,�-
trione (Duranate TPA-���), have been applied in PLA/PCL blend
systems as reactive compatibilizers. However, due to its high re-
activity with hydroxyl and amine groups, LTI is the most e
cient
chain extender that can be used as a compatibilizer.[��,�	] Apart
from isocyanates, the literature has reported on other chain ex-
tenders, such as Joncryl, triphenyl phosphite, tris(nonyl-phenyl)
phosphate, and polycarbodiimide which have been used to im-
prove the performance of polymer blends.[��,		,���] Joncryl con-
sists of multiple epoxy groups that react with the hydroxyl and/or
carboxyl groups of the polymer. It has been successfully used as
a reactive compatibilizer in several immiscible blends.[�	]
Joncryl has been incorporated into many biodegradable poly-

mer blends as a compatibilizer. However, it should be noted
that there are limited studies that highlight the incorporation
of Joncryl into PLA/PCL blends. Recently, Matumba et al.[��]
have shown that �.� wt% Joncryl can e�ectively improve the
compatibility of the PLA/PCL ��/
� w/w blend, resulting in
greater toughness. Wang et al.[��] observed a similar e�ect with
� wt% Joncryl, showing a high elongation-at-break when the
PCL content is increased to 
� wt%. It is evident that Joncryl has
a su
cient compatibilization e�ect and can play a signi�cant
role in improving the mechanical properties of PLA/PCL blend.
Therefore, the use of Joncryl should be considered to provide
new insight toward materials development where PLA/PCL
blends are concerned. Likewise, reactive LTI compatibilizer is
used to increase interfacial bonding of the two phases, thereby
improving the compatibility and interfacial adhesion of the
PLA/PCL blend.[���] Visco et al.[���] added �.� and �.� phr LTI to

the PLA/PCL blends and reported an improvement in ductility,
which improved the maximum deformation and breakage.
Therefore, the improvement in mechanical strength was ev-
idence of the improvement in yield stress and the ultimate
tensile strength of the blends. In a separate study, Visco et al.[��]
reported that �.� phr LTI was su
cient to reasonably improve
the ductility of the PLA/PCL ��/�� wt% blend. This is caused
by a prominent reaction with the epoxy groups that promotes
cross-linked chains in the blend. It is noteworthy that a low
LTI content can su
ciently improve the compatibility of the
PLA/PCL blend, resulting in improvedmechanical properties. In
general, the incorporation of compatibilizers into their various
contents improves the mechanical properties of the blend. Com-
patibilizers facilitate e
cient stress transfer through interfacial
adhesion in the PLA/PCL blend. Other compatibilizers should
be considered as potential materials to improve the mechanical
properties of PLA/PCL polymer blends.

�.�.�. Nano�llers

Nano�llers have recently been used as compatibilizers to balance
andmodify the properties of polymer blends required for speci�c
applications.[��
,���] Studies on the incorporation of nano�llers
into PLA/PCL blends are summarized in Table �. In this case, to
improve mechanical properties, the �ller must be well dispersed
within the blend.[���] This depends on the localization of the �ller
in the blend.[���,���] Preferential localization of the �ller in poly-
mer nanocomposite is in�uenced by factors such as the viscosity
ratio of the two polymers and the enthalpic interactions between
the polymers and the �ller.[���] Regarding the PLA/PCL blend,
the localization of nanoparticles in the PCL phase is attributed to
enthalpic interactions. This is because the melt viscosity proper-
ties of PCL are higher than those of PLA.[��	] This assumption is
based on the fact that �llers prefer to localize in the phase with
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Table 	. Selected studies on mechanical properties of nanoparticles �lled PLA/PCL blend.

PLA/PCL blend ratio [wt%] Nano�ller Nano�ller Concentration Remarks Refs.

��/�� CNTs �.	 wt% The addition of CNTs nanoparticles increased the modulus by ���%, while all
nanocomposites exhibited elongation-at-break >�
�%.

[���]

��/�� TiO� � and �� wt% Observed a signi�cant decrease in impact strength of the blend, with a slight increase
in sti
ness.

[��]

��/�� and ��/�� TiO� 
 wt% Titania nanoparticles had very little in�uence on the sti
ness. [���]

		/� ZnO �.��% Observed that ZnO increased the compressive strength and modulus of the blend. [���]

��/�� HNT � wt% A reduction in tensile strength and tensile modulus from ���.�� to ���.�� MPa and
from ����.�� to ��
�.�� MPa for the neat blend, which were recovered with the
addition HNT nanoparticles to ��.�� and ���.�	 MPa, respectively.

[���]

� HAp and BaTiO
 �� wt% HAp and BaTiO
 increased tensile strength while decreasing the elongation-at-break
of PLA/PCL blend from ��.� to ��.� MPa and from �.�% to �.�%, respectively.

[���]

��/�� HAp �� wt% Tensile strength of the PLA/PCL blend increased from ��.�� to ��.�� MPa with the
addition HAp.

[���]

��/�� MMT nanoclay � wt% The addition of nanoclay improved the tensile strength and modulus by ��% and ��%,
respectively, while the impact strength decreased by 

%.

[�
�]

��/
� CNC � wt% A dramatic increase of ����% in the impact strength after the addition CNC. [�
]

��/
� CNC-g-PLLA � wt% Elongation-at-break, tensile strength, and elastic modulus increased from �		% to
��
%, 
� to �� MPa, and ���� to ���� MPa, respectively.

[�

]

Figure ��. Typical dispersion states of CNTs in an immiscible polymer blend: a) CNTs selectively disperse in the �sea� domain, b) CNTs selectively
disperse in the �island� domain, c) CNTs selectively disperse in one continuous phase. Reproduced with permission.[���] Copyright ����, Elsevier
Science Ltd.

lower viscosity.[��,���] In contrast, �llers located at the interface
can increase stress transfer in the blend and thus improve the
�nal mechanical properties.
In addition, Yang et al.[���] presented the �llers states of disper-

sion of immiscible blend using CNTs as an example (Figure ��).

CNTs are most likely to disperse in the continuous �sea� domain
(Figure ��a), in the �island� domain (Figure ��b), or at the in-
terface of the immiscible blend (Figure ��c). When CNTs are re-
stricted in the island domain, it often results in an improvement
of the modulus. Elsewhere, it was observed that CNTs selectively
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Figure ��. In�uence of ZnO and %PCL in PLA on compressive strength and modulus. Reproduced with permission.[���] Copyright ����, Wiley.

dispersed in the PCL phase, including at the interface of the
blend, resulting in a discernible increase in mechanical proper-
ties compared to the neat PLA/PCL blend.[���] The �ller content
is also an important aspect that a�ects the mechanical properties
of immiscible polymer blends.[���] For example, Urquijo et al.[���]
studied the properties of PLA/PCL ��/�� wt% blend loaded with
�.	 wt% CNTs nanoparticles. They reported an increase in
modulus by ���%, while elongation-at-break reached values
greater than �
�%. In contrast, in a recent study by Al-Saleh
et al.,[��
] the addition of � wt%CNTs did not in�uence the tensile
strength, while �� wt% CNTs showed a remarkable adhesion and
improvement in tensile strength of PLA/PCL ��/�� wt% blend.
Researchers have reported using TiO� as a �ller to increase

themechanical properties of PLA/PCL blends, such as toughness
and sti�ness, depending on the composition of the blend.[���]
Mofokeng et al.[���] observed that TiO� was dispersed in the PLA
phase of the PLA/PCL blend. The preferential location of TiO�
in PLA was con�rmed by the wetting coe
cient. Regardless of
the di�erences between the viscosities of the two polymers, it
could be inferred that the interfacial interaction played a more
dominant role in determining the preferential location of TiO�
in PLA/PCL blends. Osta�nska et al.[��] studied the in�uence of
TiO� (� and �� wt%) on the properties of PLA/PCL ��/�� wt%
blend and reported a substantial decrease in the impact strength
while observing a slight increase in the sti�ness of the blend.
Luyt et al.[���] added 
 wt% TiO� in PLA/PCL with ��/�� and
��/�� wt% blend ratios and observed that titania nanoparticles
had insigni�cant in�uence on sti�ness.
Among other nano�llers, zinc oxide (ZnO) is one of the non-

toxic, biodegradable, and biocompatible inorganic nano�llers
that can play a signi�cant role in improving the mechanical
properties of PLA/PCL blend systems.[���] Dadashi et al.[���] re-
ported on the thermodynamic equilibrium localization of ZnO

in PLA/PCL blended nanocomposites. Based on Young�s equa-
tion, they concluded that the wetting parameter con�rmed that
ZnO prefers to localize in the PLA phase. Ivanovic et al.[���] stud-
ied the ZnO in�uence on the mechanical properties of PLA/PCL
		/� wt% blend in a �lm form. They reported that �.��% ZnO
increased the compressive strength of the blend from �.� to
�.
 MPa and the compressive modulus from ��.� to ��.� MPa
compared to neat PLA, in which the fast crystallization of PLA
could have been in�uenced by the presence of PCL in the blend
(Figure ��). Based on these results, it can be con�rmed that ZnO
can potentially improve the mechanical properties of PLA/PCL
even further. Unfortunately, not many studies have reported on
the tensile properties of these blended nanocomposites.
Halloysite nanotube (HNT) is another nano�ller that has re-

cently gained attraction as a biocompatible material. It can po-
tentially improve the biocompatibility of polymer blends.[��	,���]
Alam et al.[���] added HNT to the PLA/PCL ��/�� wt% blend and
reported a reduction in tensile strength and tensilemodulus from
��.�� to ��.�� MPa and from ���.�� to �
�.�� MPa compared to
the neat blend, respectively. These values were recovered to ��.��
and ���.�	 MPa, respectively, with the addition of � wt% HNT
nanoparticles. The tensile modulus increased due to the addition
of a sti� HNT, while the tensile strength increased due to the ef-
fective load transfer from the blend to the HNT nanoparticles.
The literature has successfully reported on the exploration of 
D
printing of PLA loaded with HNT for biomedical applications.
However, studies on PLA/PCL blends loaded with HNT have not
explored much. There is little information on the mechanical
properties of PLA/PCL/HNT nanocomposites. Therefore, more
studies are needed to gainmore insight into themechanical prop-
erties of these nanocomposites.
HAp has received a signi�cant amount of attention because

of its distinctive properties. As an inorganic bio-nano�ller,
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HAp is used mainly in biomedical applications due to its
biocompatibility.[���,��
] Mystiridou et al.[���] added ��%HAp and
barium titanate (BaTiO
) as �llers to the PLA/PCL blend, in
which they observed that the presence of HAp and BaTiO
 in-
creased the tensile strength from ��.� to ��.�MPa, while decreas-
ing the elongation-at-break from �.� to �.�%. In a recent study
by Solechan et al.,[���] the tensile strength of the PLA/PCL blend
containing �� wt%HAp increased from ��.�� to ��.�� MPa com-
pared to the neat blend. These results show a good distribution of
HAp particles within themixture, which extends the propagation
path of fractures, absorbs energy, and increases plastic deforma-
tion. The increase in tensile strength can also be facilitated by a
density increase facilitated by the addition of HAp. As the density
increases, the compatibility of HAp and PLA/PCL improves with
the increasing strength of the nanocomposite. However, more re-
search is still needed to share new insights on themechanical be-
havior of nanocomposites based on PLA/PCL loaded with HAp
nanoparticles.
Researchers also demonstrated that nanoclay particles could

play an essential role as an alternative method for manipulating
the interfacial properties of polymer blends.[���] The mechanical
properties of polymer blends can be improved by the incorpora-
tion of nanoclay.[���,���] The addition of nanoclay has been shown
to increase mechanical sti�ness and strength while reducing the
toughness of the material, especially at higher concentrations. In
this case, it is important to note that the mechanical properties of
PLA/PCL reinforced with nanoclay depend directly on the degree
of compatibility between the polymer blend and the nanoclay.[��	]
For example, Umamaheswara Rao et al.[�
�] improved the me-
chanical behavior of PLA/PCL (��/�� w/w) with nanoclay. The
authors reported that the addition of � wt% nanoclay increased
the tensile strength and tensile modulus by ���% and ��%, re-
spectively, while the impact strength was observed to have de-
creased by 

%. They highlighted that the ultrahigh interfacial
areas and the ionic bonds between the nanoclay and the resulting
polymer blend caused an improvement in the tensile properties.
Moreover, this could be due to intercalated clay layers, which have
played a signi�cant role in increasing polymer�clay interaction,
increasing the PLA/PCL chains.
Natural �llers, for example, cellulose, have received attention

due to their wide range of sources and advantages, such as
biocompatibility and biodegradability.[�
�] PLA and PCL, due to
their biodegradable and compostable nature, have various ap-
plications. However, these applications may be limited by their
poor mechanical performance. Cellulose, as a natural �ller, has
a signi�cant capacity to improve the mechanical properties of
the PLA/PCL blend to meet the demands required for various
applications, ranging from packaging to commodity usage.[�
�]
Motloung et al.[�
] reported a dramatic increase of ����% in the
impact strength of PLA/PCL ��/
� wt% blend upon addition of
� wt% CNC (Figure ��). They concluded that this result is in cor-
relation with their morphology, where they observed that at low
CNC content (� wt%), the compatibility of the blend matrices
was improved, which resulted in an improvement in the blend
toughness. Sessini et al.[�

] added � wt% CNC-g-PLLA nano�ller
to the PLA/PCL ��/
� wt% blend and observed an increase in
elongation-at-break, tensile strength, and elastic modulus of the
blend from �		 to ��
%, 
� to ��MPa, and ���� to ����MPa, re-
spectively (Figure ��). This is due to the e�ect of functionalization

Figure ��. Impact properties of PLA/PCL blend with various CNC concen-
trations. Reproduced with permission.[�
] Copyright ���	, Wiley.

on the dispersion of �ller nanoparticles in the polymeric matrix,
which improved compatibility, resulting in improved toughness
of the material.[�

]
In summary, the immiscibility of PLA/PCL causes poor in-

terfacial adhesion, leading to poor mechanical properties. How-
ever, PLA/PCL blends show good mechanical behavior with re-
spect to impact strength. Nano�llers at their lower concentrations
(�� wt%) have proven to be adequate to improve the mechani-
cal properties of PLA/PCL-blended nanocomposites. It should be
noted that there are other possible �llers, both natural and inor-
ganic, that can be used as compatibilizers in an attempt tomodify
the mechanical characteristics of PLA/PCL blends. Therefore, it
is important to recommend that these other �llers are considered
in their wide aspect to share new insight into the materials sci-
ence and engineering of polymer blends.

�.	. Dynamic Mechanical Analysis

Dynamic mechanical analysis (DMA), in a speci�c set of temper-
atures and frequencies, provides a certain amount of information
regarding the mechanical and rheological properties of the mate-
rial under test. In many cases, DMA is used to determine Tg and
other structurally related transitions associated with polymers,
and it also plays a role in determining the miscibility of polymer
blends.[
�,�
���
�] Therefore, it can be agreed that DMA analysis
can be used to measure the thermomechanical properties of the
resulting polymer materials below the melting temperature and
around their Tgs.[�
�,�
�]
Researchers have reported on the analysis of thermodynami-

cally immiscible polymer blends (i.e., PLA/PCL blends in partic-
ular). Studies reported on the analysis of DMA are summarized
in Table �. DMA o�ers more information on the transitions on
the glassy and rubbery regions of polymer materials compared
to other thermal analysis methods (e.g., DSC, TGA). As a result,
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Figure �	. Mechanical properties of PLA/PCL blend and the CNC-based nanocomposites. Reproduced with permission.[�

] Copyright ����, Elsevier
Science Ltd.

Table �. Selected studies on dynamic mechanical properties of PLA/PCL blends.

PLA/PCL blend
ratio

Nano�ller/compatibilizer Nano�ller/
Compatibilizer
Concentration

Remarks Refs.

	�/�� wt% � � The blend�s Tg shifted toward lower temperatures of ��� °C when compared to the
neat PLA.

[���]

��/
� wt% � � Observed a decrease and an increase in storage modulus and tan delta,
respectively, with increasing PCL content.

[��]

��/�� wt% � � Observed higher storage modulus in the blends compared to that of neat PCL. At
temperatures higher than the PLA Tg, storage modulus decreased.

[���]

��/�� wt% � � Observed higher storage modulus in the blend compared to neat PCL. [��
]

��/�� wt% � � Focused on the temperatures around the Tg of PCL within the blend and reported a
reduction in the tan delta.

[���]

��/��% EMA-GMA copolymer � and ��% Observed the shift of both PLA and PCL Tgs to higher temperatures compared to
neat blend.

[���]

��/�� wt% BIB � wt% The Tg of PLA in the BIB-modi�ed blend was slightly lower than that of the
unmodi�ed blend.

[	�]

��/��% MMT nanoclay �% They reported that in the glassy state (i.e., below the PLA Tg), the storage modulus
increased with increasing MMT content.

[�
�]

��/�� wt% VGN � wt% The storage modulus increased with addition of VGN within the temperature range
of between ��� and �� °C.

[���]

DMA is more relevant in studying the thermomechanical behav-
ior of polymer blends.[�
	,���] Zhukova et al.[���] performed the
DMA analysis on the blend containing �� wt% PCL to determine
the transitions of the phase temperature of the blend. They re-
ported a signi�cant shift in Tg toward lower temperatures, viz.
�� °C compared to neat PLA. However, they concluded that this

could probably be due to themelting of one polymer phase within
the mixture, as the melting point of PCL di�ers between �	 and
�� °C. However, the addition of PCL can be attributed to improv-
ing the elastic properties of the PLA matrix.[��]
Matta et al.[��] studied the viscoelastic behavior of PLA/PCL

blends using DMA and reported that the storage modulus in the
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Figure ��. DMA curves of PLA, PCL, and their blends: a) storage modulus, b) tan delta, c) tan delta in the range of ��� to �� °C, and d) tan delta in the
range of �� to ��� °C. Reproduced with permission.[���] Copyright ����, Wiley-VCH.

glassy region decreased with increasing PCL content from ��%
to 
�% without observing any crossover in any of the blends.
They further studied the dissipation factor (tan delta), which in-
creased with increasing PCL content attributed to the damping
ability of PLA, which was improved by adding the low melting
PCL phase. When the PCL content increased to �� wt% and/or
greater (Figure ��), the blend showed a higher modulus than
neat PCL and beyond its Tg. However, at a temperature higher
than the Tg of PLA, a drastic decrease in the storage modulus
can be observed.[���] This could be due to the relaxation of the
PLA molecular chain segments that promoted the PLA phase to
transition from the glassy to the rubbery state.
Ju et al.[��
] reported an increase in the storage modulus of a

PLA/PCL ��/�� wt% blend compared to neat PCL. However, this
exempli�ed the fact that when the PCL content was higher than
the PLA content, the PLA acted as a reinforcing agent for PCL.
When the PCL content was increased to at least ��% and more,
the blend storagemodulus increasedmore than that of neat PCL,
attributed to the high sti�ness of PLA that promoted a rigid inter-
face into the blend, thus providing a better stress transfer ability
and an increase in storage modulus of PCL. Kakroodi et al.[���]

performed the DMA analysis of a PLA/PCL ��/�� wt% blend,
where they focused on temperatures above��� °C (the Tg of PCL
in the blend) in which they reported a reduction in the tan delta of
the blend. The reduction in tan delta is attributed to the increase
in PCL elasticity within the blend. However, this e�ect is caused
by the reduction in the chain mobility of the PCL molecules near
the PLA phase. Therefore, the blending of PLA with PCL a�ected
the overall DMA properties of PLA/PCL blends. However, the
storagemodulus of the blend decreased with increasing PCL con-
tent. However, immiscibility, which a�ects the �nal properties of
the blends, remains a challenge.
The compatibilization method has been considered viable for

improving the compatibility of PLA/PCL blends.[	�,���] In this
sense, the copolymers formed during melt blending are related
to the reaction of the functional groups of the blend, where the
copolymers act as compatibilizers. Recently, Chen et al.[���] incor-
porated a copolymer, ethylene-methyl acrylate-glycidyl methacry-
late (EMA-GMA), into the PLA/PCL blend. They reported a shift
in Tg corresponding to PCL from ���.� to ���.
 and ���.� °C,
incorporating �% and ��% EMA-GMA, respectively. Regarding
the Tg corresponding to PLA, a shift from ��.	 to ��.	 and ��.�
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°C for the blendwith �% and ��%EMA-GMA, respectively. Based
on their concluding remarks, the shifting of both Tgs to higher
temperatures upon the addition of EMA-GMA is attributed to the
reaction of the glycidyl methacrylate group with the PLA and PCL
hydroxyl and/or carboxyl groups leading to an increased degree
of chain entanglement, resulting in restriction of chain mobil-
ity. Przybysz-Romatowska et al.[	�] reported on the results of a
PLA/PCL ��/�� wt% blend, modi�ed with � wt% of di-(�-tert-
butyl-peroxyisopropyl)-benzene (BIB), as a compatibilizer. They
observed that the PLA Tg in the compatibilized blend decreased
slightly from �� to �� °C compared to the one in the neat blend.
This indicates that a better molecular interaction between PLA
and PCL promoted the cross-linking or branching reaction. Fur-
thermore, the storage modulus of the compatibilized PCL/PLA
blends increased by about ��% and ��% compared to the un-
modi�ed blend system. However, the increase in storage modu-
lus indicates the compatibilization e�ect and the interaction of
BIB with the PLA phase.
Nanoparticles have been incorporated into polymer blends

as compatibilizers and reinforcing �llers simultaneously. Be-
cause of their large surface areas at the interface of the poly-
mer blend, they can reduce the interfacial tension. However, this
is achieved if the nano�ller is homogeneously dispersed within
the blend.[��,���] Nanoclays can be incorporated into polymer
blends as a reinforcing �ller to improve the dynamic properties.
Umamaheswara Rao et al.[�
�] studied the viscoelastic behavior of
PLA/PCL/MMT nanocomposites with an ��/�� wt% blend ratio.
They reported that in the glassy state (i.e., below PLA Tg), the stor-
age modulus increased by up to �% with increasing MMT con-
tent. This is attributed to the MMT nanoclay, which restricted the
segmental chain mobility of the PLA/PCL blend. Wang et al.[���]
added �.� wt% vinyl functionalized graphene (VGN) to the co-
continuous phase PLA/PCL ��/�� wt% blend and reported an
increase in storage modulus within the temperature range be-
tween ��� and �� °C. This may be due to the high continuity
phase of PLA in the blend nanocomposites. In general, PLA/PCL
blends are characterized by poor miscibility, which leads to poor
interfacial adhesion. Therefore, this a�ected the overall blend
properties, such asmorphological characteristics andmechanical
properties, including the dynamicmechanical properties. Hence,
many researchers have studied DMA analysis and reported on
various results from di�erent preparation methods. These pro-
vide information on the modulus of PLA/PCL blends and their
dependence on the temperature. However, the addition of com-
patibilizers and nano�llers has proven to be e�ective in improv-
ing the storage modulus of the blends. Furthermore, the Tgs of
the blends are positively a�ected upon the addition of various
nano�llers.

�.�. Thermal Properties

Poor thermal properties are the main limitations of biodegrad-
able polymers.[�
,���] The thermal behavior of most polymer
blends is in�uenced by their weight ratios.[���] PLA is a semicrys-
talline biopolymer, characterized by both exothermic cold crystal-
lization and endothermic melting behavior.[���] DSC has shown
that during the second cycle of thermal analysis of PLA, the dif-
ference between the heating and cooling rates during heating or

cooling allows the material time required for chains to transform
to a crystalline formduring heating or cooling. Furthermore, sup-
pose that the cooling rate is too high; in that case, the material
remains amorphous due to the fact that there is no enough time
for the conformational arrangement of the chains to transform
to a crystalline form.[��	,���] Blending PLA with PCL changes its
inherent crystallization behavior as can be seen in the DSC cool-
ing scans in Figure ��. Botlhoko et al.[��] observed a fairly broad
crystallization temperature (Tc) peak related to PLA at a temper-
ature of ����.�� °C, which is related to the thick lamellar layer
of PLA. In comparison, a sharp Tc peak characterizes neat PCL
at a lower temperature of ���.�
 °C, which is related to the in-
tently packed thin-lamellar layer of PCL, as shown in Figure ��a.
Furthermore, the degree of crystallinity (Xc) of PCL is reduced by
increasing PLA content, whereas the Xc of PLA decreases by in-
creasing PCL content. This is attributed to a large nucleus size
induced by the PCL molecule that restricts the chain mobility
of PLA.
The PLA/PCL blend studied by Carmona et al.[���] showed a

slight reduction of about �.� °C in Tm of both neat PLA and PCL.
Sharma et al.[���] studied the thermal transitions of the electro-
spun PLA/PCL blend and observed two distinct peaks that cor-
respond to the of the separate phases of PLA and PCL at ����
and �� °C, respectively, which is indicative of immiscibility be-
tween the two phases.[���,��
] Kiani et al.[���] reported an increase
in PLA Xc from �.	% (neat PLA) to ��.� and �.	% in the PLA/PCL
blend containing �� and �� wt% PCL, respectively. Based on this,
PLA Xc can increase by adding as low an amount as �� wt%
PCL. In general, PLA Xc can be increased by adding nucleating
agents, including applying a post-annealing process.[��] Dadras
Chomachayi et al.[��] studied the e�ect of silk �brion nanoparti-
cles (SFNP) on the PLA/PCL (��/
� w/w) blend. They reported
an increase in PLA Tcc from ���.	 to ���.� °C, while the PCL
crystallization enthalpies (�Hc) of PCL decreased from ��.� to
��.� °C. They based their conclusions on the interfacial bonding
in PLA/PCL, which improved because of the SFNP compatibi-
lization e�ect. The improved intermolecular interaction between
PLA and PCL reduced the chain mobility of the polymers and, as
a result, in�uenced the crystallization process.
Researchers have also reported the thermal stability of

biodegradable polymer blends, which have been labeled as
one of the important properties of polymeric materials. It is
important that researchers fully understand the thermal stability
and kinetic parameters in the design of materials for speci�c
use.[���] Generally, in many industrial processes, it is important
to characterize the thermal degradation behavior to know the
temperature limits of the material.[���] However, PLA and PCL
are characterized by di�erent thermal stability pro�les because
of their structural di�erences and di�erent degradation mech-
anisms. The degradation mechanism of PLA is the reaction of
exchange of backbite esters, caused by a non-radical mechanism
that involves the ends of the �OH chain, and that of PCL is
the random chain scission, by which the pyrolysis of the ester
group releases CO�, H�O, and hexane acid.[���] However, PLA is
sensitive to thermal degradation, while PCL has higher thermal
stability and longer degradation times than PLA.[��] Literature
studies have shown the PLA/PCL immiscibility throughmorpho-
logical characteristics, implying that its thermal stability depends
on compatibilization.[���,��	] In this sense, thermogravimetric
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Figure ��. DSC a) cooling and b) second heating curves of neat PLA, neat PCL, and their blends. Reproduced with permission.[��] Copyright ����,
Elsevier Science Ltd.

analysis (TGA) of PLA/PCL blends has two degradation steps,
and the weight loss level corresponds to the content of each
polymer.[��,�
]
Recently, Sharma et al.[���] observed the presence of two dis-

tinct degradation steps, indicating the immiscibility between PLA
and PCL. Davis et al.[���] studied the thermal stability of the
PLA/PCL blend and reported a rapid degradation state of PLA
with a �% onset of decomposition at 
�� °C. In contrast, PCL
degradation followed at 
�� °C. In a study by Zhou et al.,[��]
the initial decomposition temperature values were above ���
°C in PLA/PCL blends with a PLA content that varied between
�� and ��%. The authors emphasized that the observed de-
composition temperature range indicates that the blends have
good thermal stability. However, results with two degradation
steps are still observed and reported in recent studies con�rm-
ing the immiscibility.[��] Therefore, to improve miscibility and
enhance the thermal stability of the PLA/PCL blend, researchers
have tried to incorporate compatibilizers into the blend. For
example, Przybysz-Romatowska et al.[	�] compared two perox-
ide initiators, dicumyl peroxide (DCP) and BIB, in a PCL/PLA
��/�� wt% blend. They reported a decrease in thermal stability
corresponding to a ��% mass loss of the PLA/PCL blend from

	� to 
�� and 
�� °C with the addition of DCP and BIB, re-
spectively. The decrease in thermal stability with the addition
of peroxides may be due to the high amount of BIB added to
the blends. In another study, Przybysz-Romatowska et al.[	�] or-
ganic peroxide had an insigni�cant e�ect on the thermal sta-
bility of the PLA/PCL blend. However, as a result of the mini-
mal changes between the components, it was evident that TGA
did not indicate which of the samples was the most thermally
stable.
There have been reports on the addition of nano�llers as com-

patibilizers to modify the blend properties.[��
,���] There is great
interest in improving the thermal stability of polymers by us-
ing nanoscale reinforcement. This is because high thermal sta-
bility is one of the important properties required for various

applications.[���] The ability of nano�llers to improve the ther-
mal stability of polymers is considered important. This is because
the nano�ller acts as a heat barrier and prevents heat transmis-
sion from the external environment. The thermal stability is im-
proved once the nano�ller network penetrates the polymeric ma-
trices. It should be noted that the e�ect on thermal improvement
depends on the thermal stability, aspect ratio and dispersion of
nano�llers.[���] For example, the study showed that graphene
and nanoclay could increase the thermal stability of PLA/PCL
(Figure ��). Bouakaz et al.[���] studied the e�ect of two organo-
modi�ed nanoclays (Cloisite ��A and 
�B) combined with epoxy-
functionalized graphene (Gr). They reported that the onset tem-
perature of the PLA/PCL ��/
� wt% blend occurred at 
�� °C
(Figure ��a). The mixtures, C��A/Gr and C
�B/Gr, in�uenced
the thermal behavior of the blend, resulting in higher thermal sta-
bility. The starting temperature of the blend was observed to have
shifted toward high temperatures of �
 and �� °C when C
�B/Gr
andC��A/Grwere added, respectively (Figure ��b). C
�B/Gr and
C��A/Gr in�uenced the thermal decomposition of the PLA/PCL
blend. This indicates a synergic e�ect between MMTs and Gr
nanoparticles facilitated by the interactions between MMT lay-
ers and Gr nanosheets that played a signi�cant role in increasing
the thermal stability of the matrix.[���,��
] Botlhoko et al.[��	] stud-
ied the properties of the PLA/PCL ��/�� wt% blend �lled with
thermally exfoliated reduced graphene oxide (TERGO�). They ob-
served, with the addition of �.�� wt% TERGO�, an increase in
thermal stability. The thermal stability increased as a result of
improved compatibility between the two polymers in the blend.
Generally, the addition of GO-based materials acts as a heat bar-
rier of immiscible blends to decrease the degradation of volatile
gases.[��]
Generally, poor thermal properties are the main characteris-

tics that limit the performance of biodegradable polymer blends.
However, PLA and PCL are known to be thermodynamically im-
miscible, which a�ects the thermal properties of the �nal prod-
uct. Researchers have used compatibilizers and nano�llers to
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Figure ��. TGA and DTG of a,b) PLA, PCL, and PLA/PCL blend, and c,d) their various nanocomposites. Reproduced with permission.[���] Copyright
����, Elsevier Science Ltd.

improve the thermal properties of blends as a result of improved
compatibility. However, this has not been the case in terms of
improved thermal properties since DSC still showed two sep-
arate thermal curves dedicated to PLA and PCL. The thermal
stability of the PLA/PCL blend proved to depend on the blend
composition. It can be concluded that the degradation pro�le of
the PLA/PCL blend lies between the starting constituents and
depicts two distinctive degradation steps. Nano�llers in�uence
the thermal stability of polymer blends and have been shown to
have the ability to act as barriers that prevent the propagation
of heat from the external environment into the polymeric ma-
terial. Modi�cation of the thermal stability depends on the ther-
mal stability of the �ller itself and how it interacts with the ma-
trix. The thermal stability of polymers increases with high inter-
action between the �ller and the matrix at the interface.[���,���]
This means that the degree of thermal stability of polymer
blends (e.g., PLA/PCL blends) depends on the amount of �ller
loadings.

	. Applications
Biopolymers have gained remarkable attention in both academia
and industries for various applications where sustainable
and biodegradable products are required.[�,��] There has been
a growing awareness associated negatively with the use of
nondegradable plastic materials, such as polyethylene (PE)
and polypropylene (PP).[���,���] Recently, PLA has been found
in various applications, such as packaging, biomedical, and
agriculture.[���] PLA application in various industries is shown
in Figure ��. However, biodegradable materials can reduce
carbon footprints. PLA has a lower carbon footprint and the
potential to become a top biodegradable material.[���,��	] PLA
is increasingly regarded as a �green�. For example, in the food
industry, PLA is widely used in the retail market for fresh
products such as fruits, vegetables, and salad containers.[���]
In addition, establishments, such as delicatessens and fast
food restaurants, mainly use disposable cutlery, plates, cups,
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Figure �
. Applications of PLA in various industries. Reproduced with permission.[���] Copyright ����, Wiley.

and containers produced from biodegradable polymers.[���]
Current interests have led to the innovation and development
of materials with intrinsic properties, such as antimicrobial
activity, barrier, mechanical properties, and physical and optical
properties.[��	,���] However, blending PLA with PCL has been
considered viable and cost-e�ective to meet the required set of
properties for various applications. Therefore, this section sum-
marizes the in�uence of nano�llers on the material properties
of PLA/PCL-based composite developed for various applications.

	.�. Food Packaging

Today, various types of packaging can be found in the food
supply chain to minimize damage and increase the shelf life
of food products.[��
] The main purpose of food packaging
is to prevent unfavorable conditions, such as spoilage due to
microorganisms, oxygen, soil, light, chemical contamination,
and external forces.[���,���] According to Lukic et al.,[���] these
systems contain substances that can be released or absorbed
from packaged foods or from their environment; therefore, it is
expedient to practice adequate, safe, and responsible packaging

procedures. Adding active agents that exhibit antimicrobial
and/or antioxidant properties can minimize the amount of
such undesirable substances. However, the active agents are
added directly to the packaging materials, rather than to the
food. Therefore, this raises the need for ecofriendly materials
to minimize and/or replace the use of synthetic polymers.[���]
The materials in packaging applications are selected based on
their ideal properties, such as mechanical properties and perme-
ability. In detail, biopolymers are considered suitable materials
for food packaging when they meet certain requirements, such
as maintaining food quality of food and prevent contamination,
being nontoxic when containing food, having a good barrier, and
having good mechanical properties.[��,���]
PLA has been approved by the United States Food and Drug

Administration (FDA) as a food contact material and, ever since
then, it has been used in rigid and �exible food packaging appli-
cations. However, the use of PLA for food packaging is limited
by its low ductility, thermal, and oxygen barrier properties.[���]
In general, other materials are introduced into the PLA matrix
to improve its properties for food packaging.[��	] For example,
PLA/PCL blends appear to be an ideal candidate for packag-
ing applications. Literature studies show that PCL can improve
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the mechanical and barrier properties of PLA without losing its
biodegradable properties.[��] For biodegradable polymers (e.g.,
PLA/PCL blends) to meet the requirements for food packaging,
their functional properties (e.g., mechanical and barrier) must be
properly adjusted. Consequently, studies have been reported on
the obtaining of biopolymers, including their composites, with
improved properties that can compete with those of petrochemi-
cal polymers.[�������]

�.�.�. Mechanical Properties

Polymer materials, in particular �lms, are widely known to re-
quire signi�cant �exibility to avoid breaking during their in-
tended purpose.[���] In addition, materials require a minimum
degree of sti�ness to avoid damage during their life cycle.
PLA/PCL provides good mechanical properties, making it a
great material with great potential to maintain food quality.[��
]
However, researchers have incorporated natural �llers into the
PLA/PCL blend to further improve these properties. Therefore,
according to Jeong et al.,[��] PLA/PCL �lms with modi�ed me-
chanical properties are considered clinically safe and e�ective.
For example, Wu et al.[���] incorporated thymol to modify the
mechanical properties of active �lms based on the PLA/PCL
��/
� wt% blend prepared by the solvent casting method. Thy-
mol was used to increase the �exibility of the blend system
and avoid breakage during the packaging procedure. Therefore,
the authors observed that � wt% thymol decreased the tensile
strength of the blend from �
.�� to ��.�	 MPa and the tensile
modulus from �
��.

 to ����.
� MPa. Furthermore, the ad-
dition of 	 wt% thymol showed the highest elongation-at-break
with a value of ���.��% compared to the neat blend with a value
of ���.

%. This shows that an adequate amount of thymol is
su
cient to modify the mechanical properties of the �lm to im-
prove its performance for food packaging applications. However,
stressed �lms intended for food packaging require minimum
hardness to avoid damage during transportation and their expo-
sition lifecycle.
Lukic et al.[���] mixed thymol with carvacrol to modify the

PLA/PCL 	�/� wt% blended �lm prepared by solvent casting to
study the potential synergistic e�ect of decreasing the amount
of active ingredients required for food packaging. The mixture
was incorporated into the �lm using supercritical CO� at �� °C
and a pressure of �� MPa, with a load of ��.�	% achieved. In
their mechanical analyzes, they observed a decrease from �	.� to
�.�� MPa in the tensile strength of the blended �lms loaded with
the mixture. The incorporation of an active substance decreases
the interaction of polymer chains and increases chain mobility,
which leads to a signi�cant reduction in tensile strength. A di�er-
ent trend was observed for elongation-at-break, as they reported
an increase from ���.�% to ��
.�% with the incorporation of the
thymol and carvacrol mixture. The elongation-at-break value was
increased as a result of the plasticization e�ect of the mixture,
which increased the �lm�exibility caused by increased chainmo-
bility.
In summary, thymol is a good candidate formodi�cation of the

mechanical properties of PLA/PCL blends to make them more
considerable for food packaging applications, especially where
mechanical performance is required. When thymol is added to

the PLA/PCL blend, the tensile strength and modulus decreased
while the elongation-at-break increases signi�cantly. In support
of this, similar results were observed in a recent study by Zeng
et al.[��
] on PLA/PCL blends loaded with thymol. The incorpo-
ration of thymol reduces the intermolecular interaction between
the polymer chains, which, in turn, decreases the hardness and
sti�ness. The modi�cation of PLA/PCL, in terms of their me-
chanical properties, suggests that this blend system has great po-
tential as a food packaging �lm intended tomaintain food quality
during transportation and storage. It should be noted that many
natural antioxidants can be used to modify the mechanical prop-
erties of PLA/PCL blends, but they have not been exploredmuch;
instead, most of them have been used tomodify neat PLA. There-
fore, more information is still needed regarding the modi�cation
of the PLA/PCL blend for food packaging applications.

�.�.�. Barrier Properties

Although mechanical performance is the critical factor in deter-
mining the viability of being processed and manufactured on
large scales for packaging applications, barrier performance is
another determining factor in maintaining the shelf life of pack-
aged products.[�	] The barrier properties of food packaging are
important in minimizing or preventing the transfer of moisture
between food and the atmosphere.[���,���] In this circumstance,
Wu et al.[���] studied the e�ect of thymol on the water vapor
permeability (WVP) of the PLA/PCL ��/
� wt% blend and re-
ported that 
��� wt% thymol had minimal e�ect on the WVP
of PLA/PCL �lms. However, the addition of �� wt% thymol to
the PLA/PCL blends increased WVP from �.�� × ����� to �.	�
× ����� kg m per m� s Pa. They concluded that the decrease in
the WVP properties with low thymol content correlates with the
Tg, which was observed to decrease with increasing thymol. The
increase in WVP of the �lm could be attributed to the increase
in the thymol density of the average pore size of the �lms. Qin
et al.[���] studied the CO� and O� concentrations of hot pepper
stored at � °C in di�erent packages. They reported an increase
in CO� concentration from � to �.	�% for hot peppers stored in
neat �lm packaging, while the one in composite �lm was slightly
lower after � days of storage. However, the CO� concentration of
PLA/PCL decreased to �.��% after �� days of storage and then in-
creased to �.��% at the end of the storage period. Subsequently,
the CO� concentration of pepper stored in the PLA/PCL/thymol
composite increased signi�cantly until the end of the storage pe-
riod.
In the same study, Qin et al.[���] reported that, in the �rst ��

days, the O� concentration of the PLA/PCL blend rapidly de-
creased and then increased dramatically at the end of the storage
period. However, they observed a gradual decrease in the O� con-
centration of hot peppers packed in PLA/PCL/thymol composite
�lm throughout the storage period. Furthermore, there were no
signi�cant di�erences in O� concentration for both the blend
and the nanocomposite �lm on day � of storage. They concluded
that the di�erence in these results might be due to variations
in the mass of the product, the barrier property, the storage
temperature, the weight/packaging volume ratio, and product
size. In a separate study, Qin et al.[���] studied changes in O� and
CO� concentration within a PLA/PCL �lm prepared with 
 and
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	 wt% cinnamaldehyde packages during �� days of storage. They
reported a rapid decrease in O� concentration during the �rst �
days of the storage period, which did not change until the end
of the storage period for all packaging. There was no signi�cant
change in O� concentration within the �lm, while the level of
CO� within the PLA/PCL �lm containing cinnamaldehyde was
observed to be lower than in the �lm. Overall, a decrease in
O� and an increase in CO� concentrations within the packages
were observed for all treatments. Therefore, O� and CO� reached
equilibrium atmosphere conditions after �� days of storage,
while the initial respiration rate at a concentration of ��% O�
modi�ed the atmosphere within the packages.[���]
In summary, the barrier properties play a role in preserving

and improving quality, including the shelf life of food products.
However, studies have shown that the incorporation of natural
antioxidants can alter the barrier performance of PLA/PCL �lms,
making them considerable for food packaging applications. Stud-
ies have shown that a lower content of thymol can maintain the
WVP of the �lms, proving that PLA/PCL can be a potential alter-
native to synthetic packaging. In terms of the gas barrier, studies
showed that O� decreases while CO� increases with the incorpo-
ration of antioxidants. However, a low concentration of O� and a
high concentration of CO� suppress aerobic metabolites and in-
duce �avorless fermentation production. Therefore, it could be
recommended to study the migration of antioxidant agents be-
fore commercial use in food packaging applications.

�.�.�. Antimicrobial

Antimicrobial polymer-based materials (�lms) have been re-
ported to be an e
cient packaging method because they
maintain high concentrations on the surface of food and prevent
microbial growth in food products. In this way, the quality,
freshness, and safety of food products are maintained.[���,���]
Natural antimicrobial agents are being studied in polymer mate-
rials to develop antimicrobial food packaging materials. Natural
antimicrobial agents commonly used in packaging include
antimicrobial enzymes, bacteriocins, essential oils, and phenolic
compounds.[���] Thymol, the main component of thymol essen-
tial oil, has a strong antimicrobial e�ect on natural spoilage and
food pathogens, such as Salmonella typhimurium, Escherichia
coli (E. coli), Listeria monocytogenes (L. monocytogenes), Bacillus
cereus, and Staphylococcus aureus.[��	,�	�] Wu et al.[���] studied the
antimicrobial activities of PLA/PCL-loaded thymol using solvent
casting. They reported that the addition of 	 and �� wt% thymol
to the PLA/PCL of the ��/
� w/w blend exhibited a signi�cant
antimicrobial e�ect against E. coli and L. monocytogenes.
Qin et al.[���] studied the e�ectiveness of the PLA/PCL/thymol

composite �lm on the microbial and physicochemical quality of
hot pepper (Capsicum frutescens L.) stored at � °C for �� days.
At the end of storage, they reported that the total colony forma-
tion units (CFU) of the PLA/PCL blend were �.�	 log�� CFU
g��. The total number of hot pepper colonies packed into the
PLA/PCL/thymol composite �lm increased by �.�� log�� CFU
g��, representing the lowest growth of microbial growth in the
PLA/PCL/thymol packaging �lm. The addition of thymol sus-
tains the antimicrobial activity of the PLA/PCL/thymol compos-
ite, which could prevent the growth of natural spoilage bacte-

ria and food-borne pathogens. Therefore, the PLA/PCL/thymol
composite �lm hinders microorganism growth within the pack-
aging �lm.[���,���] Qin et al.[���] studied the physicochemical and
microbial quality of button mushrooms (Agaricus bisporus) in
��/
� wt% biobased PLA/PCL blend �lms loaded with 
 and
	 wt% cinnamaldehyde, stored at � °C for �� days. They reported
that adding 	 wt% cinnamaldehyde was more e�ective in reduc-
ing the number of microbials, while maintaining button mush-
room color. This shows an improvement in the general quality of
button mushrooms after storage. In general, the incorporation
of natural antimicrobial agents into polymers plays an important
role in providing food safety with its antibacterial e�ect by min-
imizing the damage often caused in the food supply chain, and
this also increases the shelf life of products. Therefore, thymol
and cinnamaldehyde have been shown to be antimicrobial and/or
antioxidant-active and are classi�ed by the United States FDA as
generally recognized as safe substances (GRAS).[���,���]

	.�. Biomedical

Biopolymers are also found in biomedical applications, such
as tissue engineering, wound healing, and drug delivery, be-
cause of their excellent properties, such as biocompatibility,
biodegradability, non-toxicity, and non-immunogenicity, includ-
ing comparablemechanical properties.[�	�] In recent years, tissue
engineering has become a subject of biodegradable polymer
research aimed at regenerating damaged tissues by stimulating
new cell growth and repairing large defects caused by resection
and trauma.[�	�] Cell regeneration is often induced by biomaterial
media, such as sca�olds that help physically support cells, pro-
vide topography and chemical stimulation to grow mechanical
tissues, and serve as a temporary matrix for the proliferation of
living cells and the storage of extracellular matrix.[�	
] In recent
years, studies have focused on materials applicable to sutures
capable of releasing drugs to accelerate wound healing and
prevent wound infections.[�	�,�	�] The ideal suture must be bio-
compatible, have the appropriate biodegradation rate, and o�er
good mechanical properties such as sti�ness and deformability,
including the formation of a secure knot.[�	�,�	�] Vieira et al.[�	�]
studied the viscoelastic behavior of sutures made of PLA/PCL
	�/�� w/w blend. They reported premature failure of biodegrad-
able medical devices due to load levels below static strength.
Various studies have shown that the incorporation of compat-

ibilizers and nano�llers can improve mechanical performance,
biocompatibility, cell proliferation, and antioxidant activity. For
example, sca�olds clinical applications are limited by their inher-
ent lowmechanical strength.[�		] In this context, proper sca�olds
should have acceptable mechanical performance to act against
applied stress. Visco et al.[���] studied the mechanical properties
of PLA/PCL. The authors observed an improvement in the me-
chanical properties of the PLA/PCL sca�old prepared with the
addition of � phr LTI, which was attributed to the improved dis-
persion of one polymer phase in the other. Samadian et al.[���]
reported themechanical properties of electrospun PCL/PLA scaf-
folds prepared with gelatin nano�bers (GNF) evaluated by a com-
pression test method. They reported a compressive strength of
�.� MPa for PCL/PLA/GNF in which the addition of ��% tau-
rine (Tau) decreased the compressive strength to 
.
 MPa in
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PCL/PLA/GNF/Tau. In this regard, the porosity induced by the
Tau in�uences the opposite correlation between the Tau and the
compressive strength of the sca�old. Thus, mechanical prop-
erties are compromised by Tau�s hydrophilic nature, which re-
sults in more penetration of water molecules and induction of
pores.[���]
The sca�olds should have suitable porosity, water absorption,

and pore size to facilitate cell proliferation, nutrient exchange,
and metabolite removal.[���] It should be noted that the inclusion
of cellulose, chitosan, HNT and HAp in PLA has proven to
be essential and e
cient in supporting cell proliferation and
promoting the non-toxicity of prepared components.[��
����]
Biodegradable polymers o�er excellent properties in biomedical
applications, such as biodegradability, biocompatibility, and
mechanical properties. These polymers have been approved by
the United States FDA and play a role in the biomedical �eld.
Furthermore, it is ideal to consider high-end biomedical appli-
cations instead of commodity ones. However, more information
is covered in the extensive area where various biopolymers are
concerned. In most cases, PLA and PCL have recently been stud-
ied mainly separately or in combination with other biopolymers,
including nanoreinforcements. Therefore, it is recommended
that the feasibility and potential of PLA/PCL blend in biomedical
applications be studied.

	.	. Other Emerging Applications

Recently, biopolymers have been applied in the electri-
cal/electronics and automotive sectors. In the automotive
industry, the lack of production capacity and the infrastructure
for composting that has not yet been developed has unfavorably
a�ected the growth curve. We have not yet seen a scenario in
which the production of biopolymers is su
cient to meet de-
mand, and its prices are competitive with those of petrochemical
polymers.

�. Conclusions and Future Trends
Environmental concerns have caused a stir in materials science
and engineering, with conventional polymers contributing
to global pollution. This has stimulated interest in the devel-
opment and use of environmentally friendly materials, such
as biodegradable polymers. The purpose of this study was to
consolidate and critique the known knowledge on the possibility
of blending PLA with PCL and to expand its properties and
applications. Biodegradable polymers are promising candidates
for long-term and short-term replacement of conventional poly-
mers. In this review, studies showed that the PLA/PCL blend
is thermodynamically immiscible, resulting in poor interfacial
adhesion. The immiscibility of the blend was con�rmed by
morphological analysis showing the separation of two phases,
including the thermal properties showing the two melting tem-
peratures in the DSC analysis and the two distinctive degradation
peaks in the TGA analysis. However, compatibilization methods,
such as polymeric and reactive compatibilization, including
natural and inorganic nano�llers, signi�cantly improve the com-
patibility of the blend, thus improving mechanical properties

and thermal stability. Having observed this, it should be noted
that nanocomposites based on PLA/PCL blends have created
a competitive market for various industrial applications. In
recent decades, food packaging has become very important, and
these materials have played an essential role in improving food
safety and quality protection, as well as non-toxic, good barriers,
and proper mechanical properties. In addition, these materials
have been proven to be safe and cost-e�ective and contribute to
environmental sustainability. In the future, the continuous devel-
opment and modi�cation of PLA/PCL properties should not be
underestimated, which generally provides new insight into the
development and production of high-quality, unique materials
for many potential applications that have not yet been realized.
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