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ABSTRACT: Interfacial compatibilization is essential to generate compatible blend structures with synergistically
enhanced properties. However, the effect of molecular structure on the reactivity of compatibilizers is not properly
known. This study investigates the compatibilization effect of multifunctional, epoxy-based Joncryl chain extender
in blends of polylactide (PLA) and polybutylene adipate-co-terephthalate (PBAT) using PLA with varying D-lactide
contents and molecular weights. These PLAs were high molecular weight amorphous PLA (aPLA) with D-content
of 12 mol% and semi-crystalline PLA (scPLA) grades with D-contents below 1.5 mol% at both high (h) and low (1)
molecular weights. The reactivity of Joncryl was assessed with each individual neat polymer, and its compatibilization
effect was examined in blends at a weight ratio of 75 wt/25 wt using small amplitude oscillatory shear (SAOS) rheological
analysis. Differential scanning calorimetry (DSC), dynamic mechanical analysis (DMA), tensile and impact tests, as
well as scanning electron microscopy (SEM) observations, were conducted to characterize the blends. The addition of
Joncryl resulted in remarkable improvements rheological behavior of all neat polymers and noticeably refined PBAT
droplets in all blends, particularly in aPLA/PBAT and scPLA(1)/PBAT. The ductility, toughness and impact strength of
these blends were significantly enhanced, while their tensile strength and modulus also showed slight improvements.
Although the addition of Joncryl retarded the crystallization of the scPLA samples, the scPLA(h)/PBAT blend with
Joncryl exhibited the highest thermomechanical performance over a wide temperature range. This was attributed to the
higher crystallinity of scPLA(h), which, even in the presence of Joncryl, provided high thermal stability.
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1 Introduction

The global production and consumption of petrochemical plastics have surged in recent decades,
resulting in a sharp increase in their accumulation in landfills [1]. Efforts to manage these plastics through
disposal or recycling often demand complex and labor-intensive physical or chemical treatment processes
[2,3]. These inefficiencies contribute to persistent plastic waste, positioning petroleum-derived polymers
as a major environmental challenge [4,5]. In response, the plastics industry has increasingly turned to
bioplastics—whether derived from renewable resources, biodegradable, or both—as a sustainable alternative
[6-8]. Among these, polylactic acid (PLA) has emerged as a leading material, valued for being both bio-
based and biodegradable [9,10]. Due to its compatibility with biological systems, semi-crystalline structure,
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and advantageous thermal and mechanical behavior, PLA is widely used in food packaging and medical
applications [11,12]. Recognizing its safety, the U.S. Food and Drug Administration (FDA) authorized PLA
for direct contact with biological fluids as early as the 1970s [13-16].

Commercially available PLAs are typically synthesized as copolymers comprising poly(L-lactide)
(PLLA) and poly(DL-lactide) (PDLLA), which originate from the ring-opening polymerization of L-lactide
and DL-lactide dimers—a method known for its cost efficiency [17-19]. These polymers are predominantly
built from L-lactic acid units, with varying proportions of D-isomers incorporated as co-monomers [20].
The crystallization behavior of PLA is closely linked to its D-lactide content: higher concentrations of
D-units diminish the polymer’s ability to crystallize and lower its melting temperature (Ty,), leading to
increased amorphousness at elevated D-content levels [21]. Specifically, PLAs with more than 8 mol%
D-lactide are entirely amorphous, while those containing between 4 and 8 mol% display sluggish crys-
tallization kinetics [17,22,23]. Beyond stereochemical composition, other structural parameters—such as
molecular weight and architecture (linear vs. branched)—also play a crucial role in determining the polymer’s
crystallization behavior, melt characteristics, and overall mechanical performance [19,22]. Despite the
potential for enhancing PLA’ crystallinity, rheological profile, and mechanical properties through molecular
engineering, it still exhibits drawbacks including low impact resistance and inherent brittleness [23-25].

Researchers are exploring practical solutions to address PLA’s limitations by blending it with flexible
biopolymers in a more environmentally friendly manner. Polycaprolactone (PCL) [26-28], poly (propylene
carbonate) (PPC) [29-31], poly(3hydroxybutyrate-co-3-hydroxyhexanoate) (PHBH) [32,33], poly (butylene
succinate) (PBS) [34,35], poly [(butylene succinate)-co-adipate] (PBSA) [34,35] and polybutylene adipate-
co-terephthalate (PBAT) [36-39] are among the most extensively used sustainable commercial biopolymers
for blending PLA. Among these, PBAT stands out as a highly ductile polymer with excellent toughness,
making it one of the most promising options for blending with PLA. Numerous studies have investigated the
performance of PLA/PBAT blends, both with and without the use of compatibilizers [36-39]. Recent findings
suggest that the specific PLA grade used in these blends significantly influences the resulting mechanical and
morphological properties. Higher viscosity PLA, often associated with increased crystallinity, can contribute
to improved dispersion of PBAT domains, thereby enhancing the composite’s mechanical attributes [39].
However, due to differences in molecular chain segments and lack of strong compatibility between PLA
and PBAT, phase separation tends to occur as the PBAT content increases, which limits the ductility and
toughness [40-43]. To address this challenge, incorporating a compatibilizer has been shown to improve
the interfacial adhesion and overall miscibility between PLA and PBAT components [41-43]. For instance,
Yang et al. [41] demonstrated that using an isosorbide-derived diisocyanate for reactive compatibilization
enhanced the toughness of PLA/PBAT blends. Among available additives, Ioncryl® ADR chain extenders—
epoxy-functionalized, multifunctional acrylic oligomers—are widely recognized for their effectiveness in
modifying the morphology and improving the performance of polyester-based polymer blends via reactive
compatibilization mechanisms [44-48]. The epoxy functionalities in Joncryl are capable of reacting with
carboxyl and hydroxyl groups present in both PLA and PBAT. This interaction may lead to molecular chain
extension and the formation of copolymers that enhance the interfacial linkage between the two polymers
[47-51]. Al-Ttry et al. utilized ]oncryl® ADR4368 in a blend of PLA and PBAT containing scPLA with
2% D-content [47]. They observed an increase in complex viscosity and storage modulus, along with an
improvement in in elongation at break; however, no enhancement was noted in stress values. Similarly,
Arruda et al. found that this additive led to finer dispersion and more homogeneous blend morphology,
significantly enhancing the system’s ductility [48]. This was attributed to reduced interfacial tension and
greater stability of the dispersed PBAT phase due to in-situ copolymer generation. Wu et al. further explored
different Joncryl grades with varying epoxy content in PLA/PBAT blends and concluded that higher epoxy
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content led to superior compatibility and improved mechanical and rheological properties [52]. Recently,
our group demonstrated how Joncryl reactivity can vary in PLA [53] and in its blends with PBAT [54]. The
slower reactivity of Joncryl with PBAT compared to PLA has been reported [54], and this phenomenon has
even been leveraged to explore Joncryl's potential in improving the redressability of PLA-based systems [55].

Previous studies on PLA/PBAT blends incorporating Joncryl have largely centered around a single
PLA grade [56-58]. However, since Joncryl's reactivity is affected by factors like the D-lactide content
and molecular weight of the neat PLA, it is crucial to investigate how different PLA grades influence the
overall performance and interaction within the blends. The present study aims to examine the impact of
incorporating 0.5 wt% ]oncryl® ADR 4468 into PLA/PBAT blends using multiple PLA variants: a high-
molecular-weight amorphous PLA (aPLA) containing 12 mol% D-lactide, and two semi-crystalline PLA
(scPLA) grades with D-lactide contents below 1.5 mol%, available in both high (h) and low (1) molecular
weights. The reactivity with PBAT, as well as with the corresponding PLA/PBAT blends, is also examined.
Joncryl's reactivity was evaluated using small amplitude oscillatory shear rheological measurements. To
evaluate the overall performance of the blends, their morphological, mechanical, and thermomechanical
properties were analyzed, focusing on the effects of PLAs D-lactide content and molecular weight, along with
the compatibilization role of Joncryl.

2 Experimental
2.1 Materials

Three commercial grades of high molecular weight aPLA (Ingeo™ 4060D), scPLA(h) (Ingeo™ 2500HP),
and scPLA(I) (Ingeo™ 3251D) were supplied by NatureWorks LLC. The PBAT (Ecoﬂex® F Blend C1200) was
provided by BASF; it’s a grade intended for blown or cast film processing. The chain extender employed in this
study was ]oncryl® ADR4468, a multifunctional, epoxy-functionalized oligomeric acrylic resin developed by
BASE featuring an epoxy equivalent weight of 310 g/mol. Detailed information on the PLA types—including
their D-lactide content, glass transition temperature (Tg), melting temperature (Ty,), molecular weight (M, ),
and melt flow rate (MFR)—is summarized in Table 1. Both aPLA and scPLA (h) exhibit comparable molecular
weights and similar melt flow characteristics. In contrast, scPLA(]) is distinguished by a lower M,, and an
elevated MFR, reflecting a more fluid melt profile. The chemical structures of PLA, PBAT, and Joncryl could
also be found available elsewhere [44].

Table 1: Main features of used PLA types and PBAT

Type Polymer D-content (%) T,(°C) T.(°C) M, (g/mol) MEFR (g/10 min)
aPLA Ingeo™ 4060D [59] 12 55-60 - 190,000 7-10 (210°C, 2.16 kg)
scPLA(h) Ingeo™ 2500HP [60] 0.25 60 165-180 184,000 8 (210°C, 2.16 kg)
scPLA(l) Ingeo™ 3251D [61] 14 55-60  155-170 55,000 80 (210°C, 2.16 kg)
PBAT Ecoﬂex® F Blend C1200 [62,63] - - 110-120 126,000 2.7-4.9 (190°C, 2.16 kg)
Joncryl ADR 4468 [44] - 59 - 7250 -

2.2 Blend Preparation

Prior to processing, overnight drying was applied to all polymers in a vacuum at 50°C. Blending was
carried out using an internal melt mixer (Kokbir RTX-M40, Turkey), where different PLA types, PBAT,
and PLA/PBAT blends (at a 75:25 weight ratio) were processed both with and without the incorporation of
0.5 wt% Joncryl. Although Joncryl has FDA approval for use [64], employing it in minimal amounts can
help mitigate environmental concerns related to chemical additives during production and disposal. All melt
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blending operations were performed at 190°C for 5 min with a rotor speed of 100 rpm. The resulting blends
were then formed into test specimens using a compression molding press (MSE Technology LP_M4SHI0,
Turkey) under 2 bar pressure at 190°C for 5 min.

2.3 Rheological Analysis

The rheological analysis of polymers and their blends was conducted using a rotational rheometer
(Anton Paar MCR-301, Austria) equipped with a parallel-plate geometry, featuring a plate diameter of
25 mm and a gap of 1 mm. SAOS analysis was performed at 190°C in a nitrogen atmosphere, progressing
from high to low frequencies with a strain of 5%, which was maintained within the linear viscoelastic range.

2.4 Morphological Analysis

Cryofractured specimens were sputter-coated with a thin layer of platinum using a Polaron SC7640
coater (Quorum Technologies, Lewes, UK) to enhance conductivity. The morphological features of the
PLA/PBAT blends were then characterized using a scanning electron microscope (SEM, JSM 6510LV, JEOL,
Tokyo, Japan) operated at an accelerating voltage of 15 kV. To quantify the size distribution of the dispersed
droplets observed in the SEM images, Image] software was employed for image analysis.

2.5 Differential Scanning Calorimetry (DSC) Analysis

The thermal transitions of the blends, including melting and crystallization behavior, were assessed
using differential scanning calorimetry (Perkin Elmer DSC 4000, USA) in a nitrogen environment. Samples
were initially heated from ambient temperature to 200°C at a rate of 10 °C/min and held isothermally for
5 min. This was followed by cooling to 30°C at a rate of 2 °C/min, and then a second heating cycle to
200°C, again at 10 °C/min. The crystallinity degree (X) was determined based on the enthalpies of melting
(AHy,), cold crystallization (AH,.) during the heating phases, and melt crystallization (AH, ) during cooling,
following Eqs. (1) and (2):

_ (AH,, - AH,.) x 100

X 1
h Wor A AHO 1
AH_.) x 100
- {AH) < 1% ; 2)
WpLAAHm

where wpy 4 is the weight fraction of PLA and AHY, is the heat of fusion of 100% crystalline PLA taken as
93.6 J/g [65].

2.6 Dynamic Mechanical Analysis (DMA)

The thermomechanical properties of the blends were assessed using a dynamic mechanical analyzer
(Perkin Elmer DMA 8000, Springfield, IL, USA). Rectangular specimens with dimensions of 35 mm?® x 10
mm’ x 2 mm? were tested in single cantilever mode. The analysis was performed with a constant deformation
amplitude of 30 um and a frequency of 1 Hz, while the temperature was increased from 25°C to 120°C at a
rate of 3 °C/min. Throughout the test, both storage modulus (E’) and loss modulus (E”) were recorded as
functions of temperature. The damping behavior was quantified by calculating the loss factor (tan §), defined
as the ratio of E” to E'.
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2.7 Mechanical Analysis

Tensile performance of the PLA/PBAT blends was evaluated using a universal testing device (Instron
3369, Norwood, MA, USA). Specimens were shaped into dog-bone profiles with dimensions of 20 mm
(length), 4 mm (width), and 2 mm (thickness), following the ISO EN 527-2 standard. Testing was carried
out at ambient conditions with a crosshead speed of 5 mm/min. The stress-strain curves were obtained to
determine the tensile modulus, tensile strength, elongation at break, and toughness of the samples. For each
blend, the tests were repeated five times, and the average values were reported.

To evaluate the impact strength, impact test was performed on unnotched specimens using an Izod
impact tester (Zwick Roell, Ulm, Germany) equipped with a 5.5 ] pendulum. Rectangular shaped samples
with 80 mm?® x 10 mm® x 4 mm?> were tested at room temperature, following ISO EN 180 standards. Each
blend underwent a minimum of five testing repetitions.

3 Results and Discussion
3.1 Rheological Characterization of Neat Polymers

Fig. 1 represents the complex viscosity (n*) and storage modulus (G) as a function of angular frequency
(w) for various PLA types and PBAT, both processed with and without the addition of Joncryl. The
introduction of Joncryl noticeably altered the rheological responses of the polymers compared to their
unmodified counterparts. Among the unmodified neat PLAs, both aPLA and scPLA(h) exhibited nearly
identical rheological behavior. Conversely, scPLA(]) exhibited the lowest values for both n* and G/, which
is consistent with its reduced molecular weight. Neat PBAT displayed the highest viscosity compared to all
PLAs. The addition of 0.5 wt% of Joncryl increased n* and G’ values for all polymers, likely due to induced
chain extensions and branching. This suggests that, while Joncryl can extend the molecular structure of
PLAs and PBAT, it may also act as a reactive compatibilizer at the interface between PLA matrix and PBAT,
enhancing interfacial interaction between the phases.
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Figure 1: (a) Complex viscosity and (b) storage modulus of PLA grades and PBAT with/without Joncryl
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3.2 Characterization of Blends
3.2.1 Rheological and Morphological Analysis

Fig. 2 shows the SAOS rheological properties of various PLA/PBAT blends processed with and without
the addition of Joncryl. Table 2 presents the viscosity ratio (A: Naroplet/Nmatrix) Values of the blends, calculated
using the n* values of each neat phase obtained from the SAOS tests at a frequency of 50 rad/s. This frequency
is roughly equivalent to the shear conditions experienced during melt processing in the internal mixer
operating at 100 rpm [66]. Fig. 3 illustrates the SEM morphological characteristics of these unmodified and
modified blends. Table 3 reports the mean droplet sizes of PBAT in blends.

All blends exhibited an upward trend in complex viscosity at lower frequencies, likely linked to the
relaxation dynamics of PBAT droplet deformation. In blends with Joncryl, the overall complex viscosity
of blends was enhanced, and the low-frequency upturn behavior was even more pronounced due to the
refined PBAT droplet morphology (Fig. 3). This refinement resulted from the increased PLA matrix viscosity,
which caused further droplet breakup and enhanced the Joncryl compatibilization effect. In unmodified
blends, the aPLA/PBAT blend exhibited the highest complex viscosity, followed by scPLA(h)/PBAT and
scPLA(1)/PBAT, respectively. The higher complex viscosity behavior of aPLA/PBAT blend, compared to that
in scPLA(h)/PBAT blend (despite both matrices having similar rheological characteristics), was due to the
finer PBAT droplet structure obtained in the aPLA/PBAT blend (Fig. 3).
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Figure 2: (a) Complex viscosity and (b) storage modulus of various PLA/PBAT blends with/without Joncryl

Table 2: The viscosity ratio values of blends

nPBAT nPLA A(PBAT/PLA)

aPLA/PBAT 618 629 0.98
scPLA(h)/PBAT 618 525 118
scPLA(I)/PBAT 618 128 4.84
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Figure 3: SEM images: (a) aPLA/PBAT, (a’) aPLA/PBAT/J; (b) scPLA(h)/PBAT, (b’) scPLA(h)/PBAT/J; and
(c) scPLA(1)/PBAT, (c’) scPLA(1)/PBAT/]

Table 3: The measured droplet sizes of PBAT in blends

Without Joncryl With Joncryl
Droplet size (um) Droplet size (um)

aPLA/PBAT 1.72 £ 0.56 0.94 + 0.45
scPLA(h)/PBAT 1.87 £ 0.69 1.26 + 0.49
scPLA(1)/PBAT 3.54 +0.98 1.74 £ 0.57

The rise in storage modulus at lower frequencies in PLA/PBAT blends suggests that some level of
interfacial interaction exists, even without the use of compatibilizers. At low frequencies, the storage modulus
values of PLA/PBAT blends without Joncryl increased as the molecular weight increased. This effect was
further enhanced in the presence of Joncryl almost in all blends. The presence of Joncryl resulted in a
more significant rise in modulus, likely due to its stronger interaction with the constituent polymers and its
improved effectiveness in promoting interfacial compatibility.
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As shown in Fig. 3 and Table 3, the aPLA/PBAT and scPLA(h)/PBAT blends displayed similar droplet
sizes. However, the scPLA(1)/PBAT blend had significantly larger droplets, consistent with the results
in Table 2. A viscosity ratio close to or less than unity indicates that a higher viscosity polymer matrix is
more effective at immobilizing and breaking up droplets. In contrast, a viscosity ratio considerably greater
than unity indicates that the higher viscosity of the droplets may hinder their breakup, potentially leading to
coalescence [67,68]. Therefore, the viscosity ratio () between droplet viscosity (nppar) and matrix viscosities
(npLa), which is closer to unity in the aPLA/PBAT and scPLA(h)/PBAT blends, could explain the finer PBAT
droplets. When Joncryl was incorporated, a significant reduction in the droplet sizes was observed, resulting
from the increased PLA matrix viscosity and, more importantly, the Joncryl compatibilization effect.

3.2.2 DSC Analysis

Fig. 4 shows the DSC heat/cool/heat curves of blends with and without Joncryl. The thermal properties
of the blends, as determined from DSC analysis, are presented in Table 4. The T, in aPLA/PBAT blends
was lower than the blends with scPLAs, while the addition of 0.5 wt% Joncryl did not significantly affect
the T, values. In the scPLA(h)/PBAT blends, cold crystallization (T..) occurred earlier, and the PLA
melting temperature (T,,) was higher than that in the scPLA(l)/PBAT blends. This was due to the lower
D-content and, consequently, the higher crystallizability of scPLA(h) compared to scPLA(l). As a result,
the scPLA(h)/PBAT blend exhibited higher crystallization temperature (T.) values than the scPLA(1)/PBAT
blend. The addition of Joncryl, however, significantly reduced the crystallizability of PLA and postponed
T.. Additionally, the T.. during heating cycles was delayed in blends with Joncryl. These changes were
due to the hindered molecular mobility in chain-extended structures. In the second heating cycle, the
scPLA(h)/PBAT blend did not exhibit a cold crystallization peak, whereas this peak appeared in the Joncryl-
modified scPLA(h)/PBAT/] blend, suggesting that crystallization did not occur during the prior cooling
stage. Overall, the inclusion of Joncryl led to a reduction in total crystallinity, likely due to its restricting
effect on the molecular mobility of the PLA matrix.
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Figure 4: (Continued)
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Figure 4: DSC curves of various PLA/PBAT blends: (a) Ist heating, (b) cooling, (c) 2nd heating

Table 4: Summary of DSC thermograms of various PLA/PBAT blends

1st heating Cooling 2nd heating
Samples T,(°C) T.(°C) AH.(J/g) X.(%) T.(°C) AH.(/g) X.(%) T.(°C) AH,(/g) X.(%) Xi(%)
aPLA/PBAT 61.08 - - - - - - - - - -
aPLA/PBAT/] 61.08 B - - - - B B - B B
scPLA(h)/PBAT 64.12 105.8 16.6 177 - - - 177 30.1 32.2 42.9
scPLA(h)/PBAT/]  63.44 99.1 72 7.7 98.3 6.8 7.3 174.9 28.3 30.3 30.6
scPLA(1)/PBAT 63.27 98.3 8.3 8.8 100.9 13.7 14.6 168.2 3L1 33.2 24.8
scPLA(1)/PBAT/]  63.75 97.6 3 32 103.9 16.6 17.8 1675 275 29.4 155

3.2.3 DMA

Fig. 5 illustrates the thermomechanical behavior of the blends, displaying the temperature-dependent
trends of both storage and loss moduli. Table 5 presents the T, values of the blends derived from the
tan § and loss modulus peaks. Among the unmodified blends, scPLA(h)/PBAT exhibited highest the
storages modulus, while scPLA(1)/PBAT showed the lowest values at lower temperatures. This result is
likely due to the lower molecular weight of the scPLA(l). However, aPLA showed lower values at higher
temperatures (approximately above 55°C) due to its amorphous structure and even lower Tg. The loss
modulus, which indicates the viscous behavior of the blends, was highest in the aPLA/PBAT blend and lowest
in scPLA(h)/PBAT. The high crystallinity of scPLA(h)/PBAT increased the stiffness of this blend over a wider
temperature range, leading to its higher thermal resistivity.

The incorporation of Joncryl notably enhanced the E’ of the blends, with the most significant improve-
ment observed in scPLA(1)/PBAT. This enhancement was likely due to finer PBAT droplets resulting from
improved interfacial compatibilization and higher viscosity of the PLA matrix. A significant improvement in
scPLA(l) with Joncryl modification was also observed in the loss modulus results, indicating an enhancement
in rigidity.
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Figure 5: (a) Storage modulus and (b) Loss factor curves of various PLA/PBAT blends with/without Joncryl

Table 5: T values measured through DMA

Without Joncryl With Joncryl
Tand Lossmodulus Tand Loss modulus
aPLA/PBAT 64.07 58.32 65.35 59.03
scPLA(h)/PBAT  72.05 67.25 72.50 68.00
scPLA(1)/PBAT 6768 61.72 68.02 62.04

3.2.4 Mechanical Analysis

The stress-strain curves obtained from the tensile test are shown in Figs. 6 and 7, which also compare the
modulus, strength, elongation at break and toughness values of the blends based on their stress-strain curves.
The highest strength, toughness and elongation at break values were observed in aPLA/PBAT among the
unmodified blends, with the elongation at break value being significantly higher. Elongation at break plays a
crucial role in PLA-based blends, as it is directly related to ductility, an area in which PLA is typically lacking.
These results were most likely due to the finer PBAT droplets in these blends. In blends containing semi-
crystalline PLA, the ultimate stress was marginally higher in scPLA(h)/PBAT, which can be attributed to the
greater crystallizability of scPLA(h) relative to scPLA(l). Meanwhile, the smaller droplet size in aPLA/PBAT
blends likely contributed to the enhanced elongation at break and toughness observed in these blends
compared to the blends containing semi-crystalline PLA.

The addition of Joncryl resulted in modest increases in tensile modulus and strength for all blends, while
more substantial enhancements were seen in elongation at break and toughness. These improvements in
ductility and toughness are attributed to the finer PBAT droplets and potentially stronger interfacial adhesion
in the presence of 0.5 wt% Joncryl. For example, the tensile strength of aPLA/PBAT increased from 38 MPa
to approximately 42 MPa with the addition of Joncryl, while its elongation at break increased from 22% to
35%. These enhancements were confirmed to be statistically significant based on ANOVA results (p < 0.05).
scPLA(1)/PBAT also exhibited nearly a three-fold improvement in ductility and toughness with Joncryl. This
is consistent with the results observed in DMA.
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Fig. 8 illustrates the impact strength of the blends, both with and without Joncryl modification.
Consistent with the results for elongation at break and toughness, the aPLA/PBAT blend demonstrated the
greatest impact strength. The scPLA(1)/PBAT blend followed, showing a statistically significant reduction
(p < 0.05) based on ANOVA analysis. The scPLA(h)/PBAT blend, however, demonstrated the lowest
impact toughness, indicating its more brittle behavior, which is dominated by higher crystallizability of
scPLA(h) matrix. The incorporation of Joncryl significantly increased the impact strength of the blends. This
improvement is primarily due to enhanced interfacial compatibility and better dispersion of PBAT, especially
in the aPLA/PBAT and scPLA(1)/PBAT systems. In contrast, the scPLA(h)/PBAT blend exhibited minimal
response to Joncryl modification, with no statistically significant change observed (p > 0.05). This lack of
response is likely attributed to the high crystallization capability of PLA HP2500, which contains less than
0.5 mol% D-lactide. Although the crystallinity of scPLA(h)/PBAT decreased with Joncryl, it still maintained
nearly twice the crystallinity of scPLA(1)/PBAT/], which could significantly contribute to the brittleness of
its corresponding blend.
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Figure 8: Impact strength of PLA/PBAT blends with and without Joncryl

4 Conclusion

This study investigated PLA/PBAT blends using various PLA grades with varying D-content and
molecular weight, modified with the multifunctional epoxy-based Joncryl chain extender. The role of
molecular weight and D-content of the PLA on the reactivity of Joncryl was examined in amorphous PLA and
semi-crystalline PLAs with high and low molecular weights. The rheological behavior of all PLA types and
PBAT improved with the addition of Joncryl, suggesting that Joncryl is an effective interfacial compatibilizer.
Similar rheological improvements were observed in the corresponding blends. The viscosity ratio values in
neat blends were highly determinant in the PBAT droplet sizes; however, the addition of Joncryl dramatically
refined the PBAT droplets due to the increased viscosity of PLA and enhanced interfacial compatibilization.
DSC results indicated that Joncryl suppressed PLA crystallization. DMA results showed that the T, of
the blends was enhanced with Joncryl modification, and scPLA(h)/PBAT blends exhibited high thermal
stability due to the very high crystallizability of the scPLA used. Mechanical testing demonstrated significant
improvements in ductility and toughness with the incorporation of Joncryl, particularly in scPLA(l)/PBAT
blends, where elongation at break and toughness increased nearly threefold. The aPLA/PBAT blend exhibited
the highest impact strength, whereas the scPLA(h)/PBAT blend displayed more brittle behavior due to its
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higher crystallinity. Joncryl modification further enhanced impact resistance by promoting finer dispersion
of PBAT droplets and improving interfacial adhesion.
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