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Abstract 
The electrospinning of stereocomplexed poly(lactic acid) (Sc-PLA) twisted yarns was our approach to produce PLA-based 
nanofibrous structures with improved physical and mechanical characteristics for the applications as medical devices. An 
electrospinning apparatus consisted of two nozzles, and a take-up/twister unit was employed to fabricate twisted yarns 
through a continuous procedure. The yarn samples were produced via electrospinning of the solutions of high molecular 
weights poly(d-lactide) (PDLA) and poly(l-lactide) (PLLA) and also their blend solution at 1:1 ratio, and their physical and 
mechanical properties were compared. The morphological studies indicated that uniform yarns composed of bead-free and 
smooth fibers were formed. Electrospinning of the blend solution of PLLA/PDLA resulted in developing fibers and yarns 
with smaller diameters. The DSC analysis showed that the Sc-PLA yarn had a higher melting peak (at 230 °C) compared to 
PLLA and PDLA samples (184 °C), indicating the formation of stereocomplex crystallites in this sample. After isothermal 
heat treatment, the formation of the stereocomplex crystals in the electrospun Sc-PLA yarn was also confirmed by FTIR and 
WAXD analyses. Furthermore, because of the formation of stereocomplex crystallites during the electrospinning process, 
the stress-at-break and Young’s modulus of the yarns were enhanced, while the strain-at-break (%) was reduced. The current 
approach of stereocomplexation during the electrospinning procedure, and simultaneously, collecting the stereocomplexed 
nanofibers in the form of twisted yarn, can improve the inherent lack of physical and mechanical features of PLA nanofibrous 
structures for advanced applications as medical textiles.
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Introduction

Electrospinning is recently proposed as an efficient technique 
to produce polymeric nanofibrous structures for biomedical 
applications. Electrospun fibrous materials generally exhibit 
several excellent features, such as high porosity with tiny 
pore size, and high surface area to volume ratio. Further, 
the electrospinning method by applying different materials 
and tuning the process variables enables diverse options 
by regulating the fiber characteristics such as morphology, 
diameter, and network porosity. These characteristics have 
developed their potential application as novel biomaterials 
in regenerative medicine [1, 2].

To this point, different natural and synthetic polymers 
have been employed for electrospinning of the nanofibers. 
Poly(lactic acid) (PLA) is a biocompatible, biodegradable, 
and non-toxic hydrophobic aliphatic polyester with desired 
thermomechanical properties, which make it a suitable can-
didate to produce various medical devices [1, 3].

However, PLA-based nanofibrous structures have sev-
eral limitations that significantly restrict their applications. 
Firstly, PLA polymer has a low thermal resistance that can 

be a serious problem when used as a medical textile mate-
rial. Moreover, it is very brittle with a low impact toughness, 
which is a drawback in mechanically intensive applications, 
such as medical implants. PLA is hydrolytically sensitive 
that may hinder its efficiency on prolonged procedures under 
physiological conditions [4–6]. Hence, from this point of 
view, the improvement of the physical and mechanical prop-
erties of PLA nanofibers is a vital issue for their applications 
as biomedical textiles.

Different research works have been proposed to control 
the PLA’s physical constraints. Stereocomplexation, which 
was reported by Ikada et al. for the first time in 1987 [7], 
has emerged as an appropriate strategy to overcome these 
limitations. This phenomenon has attracted growing atten-
tion and presented a novel approach to design and develop 
the PLA-based functional biomaterials with specified and 
tunable properties such as degradation behavior, thermal 
stability, and mechanical performance [8, 9].

PLA stereocomplex (Sc) can be obtained by crystalliza-
tion of the blend of enantiomers of poly(l-lactide) (PLLA) 
and poly(d-lactide) (PDLA) in solution or under melting 
state, at a specific polymer concentration. Apart from the 
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more compact structure and higher melting temperature of 
the stereocomplex crystals than PLA homopolymers, forma-
tion of Sc also endows PLA-based materials with improved 
mechanical function, thermal stability, and hydrolysis resist-
ance [10–12].

The stereocomplexation process dramatically depends 
on the molecular weight of the homopolymers. It is not 
easy to gain stereocomplex crystals from high molecular 
weight polymers via conventional procedures, whereas the 
high molecular weight is required for improving mechanical 
function [13–15]. Several efforts have been performed to 
produce PLA stereocomplexed fibers via the solution or melt 
spinning. However, in the fibers produced by these meth-
ods, the homocrystallites had also been formed beside the 
stereocomplex crystallites [16]. Tsuji et al. [17] conceived 
that the electrical field during the electrospinning process 
might boost the molecular chain orientation in the polymer 
and thus increase the probability of stereocomplex crystal-
lites growth and suppress the homocrystallites formation, 
even using high molecular weight PLA homopolymers. For 
the first time, they applied the electrospinning technique to 
produce PLA stereocomplex crystallites in the nanofibers. 
The fibers were electrospun from the PLLA/PDLA mixed 
solution prepared by dissolving their cast film in chloroform. 
Using this strategy, various research works have been per-
formed to overcome the PLA limitations by forming stereo-
complex crystallites in the PLA electrospun fibers [18–20].

Nevertheless, there are some problems that limit the fur-
ther development of Sc-PLA nanofibrous materials. In all 
of these research works, due to the helix nature of the jet 
in the typical electrospinning, Sc-PLA nanofibers are col-
lected in the form of web with a random fiber orientation 
useful as tissue engineering scaffolds, wound dressing mate-
rials, membranes and drug carriers [15, 21–23]. The low 
mechanical strength and the trouble in the tailoring of such 
random fibrous webs have confined their efficiency in many 
biomedical applications. Thus, it is however, a serious chal-
lenge to produce PLA nanofibrous structures with enhanced 
mechanical strength beside optimal structural integrity and 
uniformity.

Aiming to provide the requirements for specific load-
bearing applications in biomedical engineering, the mechan-
ical properties of the nanofibrous structures have to be tuned, 
which is the main goal of the presented work. Different from 
the other research works, in the present work, our approach 
is to electrospun stereocomplexed PLA aligned structures 
in the form of twisted yarns. Due to the state of alignment 
of the nanofibers in yarn, and also increased cohesion and 
inter-fiber interaction forces, the mechanical performance 
of these structures will be significantly improved [24–26].

In the current study, aiming to modify the physical 
and mechanical performance of PLA nanofibrous struc-
tures as implantable medical devices, the fabrication and 

properties of stereocomplexed PLA nanofibrous yarns 
by a continuous process is presented. An electrospin-
ning apparatus consisting of two nozzles used to pro-
duce stereocomplexed PLA (Sc-PLA) twisted yarns from 
a blend solution of high molecular weight enantiomers 
of PLLA and PDLA (1:1 ratio). It was reported that the 
stereocomplex with a minimum amount of homocrystals 
was obtained at a blending ratio of 1:1 [17, 18]. These 
3-dimensional nanofibrous structures with enhanced 
physical and mechanical properties will develop advanced 
medical applications in the form of high performance and 
functional textiles, weaved and knitted structures, tissue 
engineering scaffolds, drug carriers, artificial blood ves-
sels, and sutures or other implants. The art of altering the 
process parameters (twisting rate, take-up speed, etc.), 
solution properties (solvent type, concentration, etc.), and 
the blend ratio of PLLA/PDLA, enabled us to innovate 
and control the degradation rate, and physical–mechanical 
behavior of Sc-PLA nanofibrous biomaterials. The physi-
cal and mechanical characteristics of Sc-PLA electrospun 
yarns were described and compared with those of PLLA, 
PDLA, or hybrid PLLA/PDLA yarns. The morphology of 
electrospun fibers and yarns was considered using scan-
ning electron microscopy (SEM) and atomic force micros-
copy (AFM) techniques. Differential scanning calorimetry 
(DSC) was used to investigate the thermal characteristics 
of the samples. The crystalline structure of the samples 
was investigated by Fourier transform infrared spectros-
copy (FTIR) and wide-angle X-ray diffraction (WAXD) 
analyses. The mechanical performance of the electrospun 
yarns was studied by tensile testing.

Experimental

Materials

Poly(l-lactide) (intrinsic viscosity of 2.51 dL/g and 
Mw ~ 3 × 105 g/mol) and Poly(d-lactide) (inherent viscosity 
of 2.40 dL g−1 and Mw ~ 2.9 × 105 g mol−1) were supplied 
from Purac Biomaterials, Netherlands. Specific optical rota-
tion values of PLLA and PDLA were − 158.3 dm−1 g−1 cm3 
and 158.7 dm−1 g−1 cm3 (chloroform, 20 °C), respectively. 
By considering specific optical rotation values of PLLA and 
PDLA and their reference values, the content of d-isomer 
or l-isomer could be calculated according to the proposed 
equation by Mei et al. [19]. The d-isomer content of the 
PLLA was approximately 0.7%. The l-isomer content of the 
PDLA was approximately 0.9%. The polydispersity indices 
(Mw/Mn) of PLLA and PDLA were 2.0 and 1.8, respectively. 
2,2,2-Trifluoroethanol (TFE) (Merck, Germany) selected as 
a solvent for the preparation of polymer solutions.
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Polymer solutions

To fabricate the stereocomplexed PLA (Sc-PLA) nanofi-
brous yarns, PLLA and PDLA were first individually dis-
solved in 2,2,2-trifluoroethanol (TFE) to reach 7 wt% con-
centration. After vigorous stirring at 40 °C for at least 3 h, 
the same volumes of PLLA and PDLA solutions were mixed 
to obtain the PLLA/PDLA blend ratio of 1:1. To obtain 
homogeneity, the blend solution was stirred at 40 °C for at 
least 3 h and used as the spinning dope for the preparation 
of the PLA stereocomplex nanofibers.

Electrospinning

To produce PLA yarns, a previously described electrospin-
ning device equipped with two nozzles and a take-up/twister 
unit was employed [26–28]. The nozzles were placed at a 
distance of 30 cm from the take-up unit. The polymer solu-
tions were delivered to needles (22-gauge, ID = 0.4 mm, 
OD = 0.7 mm) by digitally controlled syringe pumps at a 
flow rate of 0.3 mL h−1. The distance between two needles 
set at 30 cm. The needles were oppositely charged with 
a voltage of 13 kV. The twister rotation speed was set at 
240 rpm to twist the fibers around the yarn axis. Simultane-
ously, the fabricated yarn was collected by the take-up roller 
installed on the twister plate. The linear take-up rate set to 
2.4 m/h. To produce hybrid PLLA/PDLA yarn samples, the 
PDLA solution was fed to the positively charged needle, 
and the PLLA fibers were spun from the negatively charged 
needle.

Characterization

The morphology of the electrospun yarns was studied by 
a scanning electron microscope (SEM; XL 30, Philips, 
Netherlands) at an accelerating voltage of 25 kV. Before 
the analysis, samples were coated with a thin layer of gold. 
From the SEM micrographs, the diameter of the fibers and 
yarns were measured using Digimizer 4.1.1.0 software, and 
the reported results of 100 measurements were recorded. A 
bioscope catalyst atomic force microscopy (AFM) (Bruker 
AXS, USA) was used to observe the surface morphology 
of individual electrospun fibers at a scan rate of 1 Hz. Dif-
ferential scanning calorimetry (DSC) (Mettler SW 9.01, 
Switzerland) was used to confirm the formation of stereo-
complex between PDLA and PLLA. The thermal behav-
iors of the PLLA, PDLA, and Sc-PLA electrospun yarns 
were measured by heating at a rate of 10 °C/min from 25 to 
250 °C under nitrogen protection. Fourier transform infra-
red spectroscopy (FTIR) spectra of samples were recorded 
on a Shimadzu FTIR spectrometer (Japan) in the range 
of 400–4000 cm−1, and at the resolution of 4 cm−1. The 
crystalline reflections were characterized with a Bruker D8 

ADVANCE- X-ray diffractometer (XRD) (USA) in the scan-
ning range of 2θ = 5–80°. The wavelength of the X-ray was 
0.154 nm. Mechanical function of the electrospun yarns was 
investigated using a tensile tester (Instron Elima EMT-3050, 
Iran) at an applied gauge length of 20 mm and 10 mm min−1 
crosshead speed. The stress-at-break and Young’s modulus 
data were reported in cN per tex (cN/tex). The results of 20 
measurements were averaged.

Results and discussion

In this study, a double-nozzle electrospinning set-up was 
employed to produce twisted yarns. The serious challenge of 
this mechanism was to produce a uniform yarn, in a continu-
ous process without yarn breakage. Previous studies showed 
that type of solvent is the most critical factor influencing the 
spinnability, morphology, mechanical, and physical proper-
ties of the electrospun PLA yarns [29]. The electrospinning 
of PLLA with solvents such as dichloromethane  (CH2Cl2) 
or chloroform  (CHCl3) resulted in a non-uniform yarn com-
posed of fibers with porous surfaces.

During the electrospinning of PLA/2,2,2-trifluoroethanol 
(TFE), a stable jet was formed, and uniform yarns and fibers 
with smooth morphology and narrow diameter distribution 
were produced. The electrospun PLLA yarns made from 
TFE showed enhanced mechanical properties compared to 
those spun with the other solvents. Moreover, when using 
TFE as a solvent, due to higher conductivity of PLLA/TFE 
solution (0.4 μS cm−1) than dichloromethane (0.2  m−1) or 
chloroform (0.1 μS cm−1), a lower voltage was required [29, 
30].

Afterward, a series of preliminary experiments were 
performed to determine the optimum conditions for elec-
trospinning of PLA/TFE yarns. The effective values of 7 
wt% concentration, linear take-up speed of 2.4 m/h, and the 
twisting rate of 240 rpm, allowed uniform yarn formation 
with a continuous process.

Morphology

The morphology of the PLA-based electrospun fibers and 
yarns can be deduced from SEM micrographs in Fig. 1. The 
uniform twisted yarns composed of defect-free, beadles, and 
uniform nanofibers with a narrow diameter distribution were 
collected though the electrospinning process (Fig. 1a–d). 
Higher magnification images show the state of alignment 
of the nanofibers in the yarn structure, where fibers were 
arranged with an angle to the yarn axis.

The average diameter of the yarns and corresponding 
fibers measured from SEM micrographs are reported in 
Table 1. The results indicate that the formation of Sc was 
resulted in a smaller diameter of fibers and yarns. As can be 
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seen, Sc-PLA yarns had a smaller diameter (445 ± 16 µm) 
than those produced from PLLA or PDLA. In the case of 
solutions electrospun from PLLA or PDLA, yarns with 
diameters of 586 ± 26 and 573 ± 27 µm were produced, 
respectively. The hybrid PLLA/PDLA yarns showed the 
highest average diameter of 768 ± 145 µm. The statistical 
analysis also confirmed this trend (p ≤ 0.05). Electrospinning 
of PLLA and PDLA solutions formed nanofibers with mean 
diameters of 754 ± 121 nm and 740 ± 107 nm, respectively 
(Table 1), while the fibers produced from Sc-PLA solutions 
showed a smaller diameter of 606 ± 106 nm.

Considering the detailed surface morphology, the AFM 
analysis of the single fibers was performed for PLLA, 
PDLA, and Sc-PLA electrospun fibers. The AFM images in 

Fig. 2 clearly show that the electrospun fibers have a cylin-
drical shape with a surface that was not entirely smooth but 
consisting of few small grooves with nanometer-sized pores.

Thermal properties

The formation of stereocomplex crystallites through electro-
spinning of the PLLA/PDLA blend solution was considered 
by differential scanning calorimetry and the corresponding 
DSC curves of the yarn samples for the first heating scans 
are presented in Fig. 3. Thermal characteristics of the elec-
trospun PLA yarns extracted from DSC thermograms, con-
sisting of melting temperature (Tm), onset of melting, and 
melting enthalpy (ΔHm) have been reported in Table 2.

As can be observed from Fig. 3, the DSC curves of the 
electrospun PLLA and PDLA yarns exhibited an endother-
mic peak at around 184 °C, related to the melting of the 
homocrystallites (Fig. 3a, b). Similar behavior was also 
found for the hybrid PDLA/PLLA yarn (Fig. 3c), while, Sc-
PLA sample showed a melting peak at 230 °C (Fig. 3d). 
This confirmed that stereocomplex was formed and strong 
interaction between PLLA and PDLA chains increased the 
melting temperature of the Sc-PLA yarns by about 56 °C 
compared to PLLA and PDLA samples.

Fig. 1  SEM micrographs of 
electrospun yarns: a PLLA, b 
PDLA, c hybrid PLLA/PDLA, 
and d Sc-PLA

Table 1  Mean diameter of electrospun fibers and corresponding yarns

Yarn sample Fiber diameter 
(nm) ± SD

Yarn 
diameter 
(µm) ± SD

PLLA 754 ± 121 586 ± 26
PDLA 740 ± 107 573 ± 27
Hybrid PLLA/PDLA 772 ± 120 768 ± 145
Sc-PLA 606 ± 106 445 ± 16
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DSC thermograms of the Sc-PLA electrospun yarns did 
not show any characteristic of homopolymers, and also no 
melting transition at around 184 °C, which confirmed that 
the stereocomplex crystals of the polylactides were success-
fully formed in the Sc-PLA samples (Fig. 3d). During the 
electrospinning process, the feasibility of the stereocomplex 
crystallites formation was increased. The higher alignment 
and orientation of the molecular chains due to the high 
applied voltage suppressed the homocrystallites formation. 
Moreover, the electrical field enforces an additional stretch-
ing, which increases the surface area of molecular chains 
and thus the interaction between PLLA and PDLA chains 
[17, 31].

FTIR

FTIR spectroscopy was found as a useful method for 
investigating the PLA stereocomplex crystals. Figure 4a 
shows stretching in the −CH3 rocking vibrations in the 
960−880 cm−1 for the as-spun samples. As can be seen, 
there is no crystalline peak for nascent electrospun PLA 
yarns, indicating they are almost amorphous. This suggests 

Fig. 2  AFM images of electrospun fibers: a PLLA, b PDLA, and c 
Sc-PLA

Fig. 3  DSC curves of electrospun yarns: a PLLA, b PDLA, c hybrid 
PLLA/PDLA, and d Sc-PLA

Table 2  Thermal properties of electrospun yarns

Yarn sample Onset of 
melting 
(°C)

Melting tem-
perature (Tm) 
(°C)

Melting 
enthalpy (ΔHm) 
(J/g)

PLLA 173.0 184.4 23.29
PDLA 171.2 184.1 34.34
Hybrid PLLA/PDLA 170.8 184.9 26.57
Sc-PLA 218.2 230.7 23.23
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that melting enthalpy of the nascent electrospun PLA yarn 
in Fig. 3, as determined by DSC, was related to recrystal-
lization during DSC testing.

To realize stereocomplex formation in the electrospun 
PLA yarns, annealing was carried out at 80 °C for 2 h, as 
suggested in previous research [31]. Figure 4b gives the 
obtained results for the heat-treated samples. As can be 
seen, two distinguished bands appeared. Only one band was 
appeared in the spectra of the PLLA, PLDA, and PLLA/
PDLA samples at 921 cm−1 which was assigned to the 
α-helix of an enantiomeric PLA. In contrast, for Sc-PLA, 
a band at 908 cm−1 was detected, which was related to the 
β-helix of the stereocomplex crystals [32–35].

According to FTIR results, it can be said that stereocom-
plex crystals were not produced during electrospinning of 
the PLLA/PDLA solutions due to limitation of the molecular 
mobility as was described in literatures [17, 31]. Upon heat 
treatment, enough molecular mobility was provided, and 
thereby, the PLLA, PDLA, and PLLA/PDLA electrospun 
fibers were only crystallized into homocrystals, whereas 

stereocomplex crystals were only formed in the Sc-PLA 
electrospun yarns. The formation of stereocomplex crystals 
is mainly attributed to the interactions between the methyl 
and carbonyl groups intermolecular ordering between PLLA 
and PDLA chains in the electrospun obtained from PLLA/
PDLA solution [31]. In other words, before heat treatment, 
there was only precursor but no stereocomplex crystals. 
Thus, no peak was observed at 908 cm−1. But after heat 
treatment, the precursors were transformed into stereocom-
plex crystals via molecular reorganization, and thereby, the 
characteristic band appeared at 908 cm−1.

Wide‑angle X‑ray diffraction

Wide-angle X-ray diffraction (WAXD) analysis was per-
formed to investigate the crystalline structure of the elec-
trospun yarn samples. Figure 5 shows the XRD profiles of 
the heat-treated PLLA, PDLA, PLLA/PDLA, and Sc-PLA 
electrospun yarns. For the heat-treated PLLA, PDLA, and 
PLLA/PDLA electrospun yarns, two crystalline reflections 

Fig. 4  FTIR spectra of the electrospun yarns before (a) and after (b) heat treatment at 80  °C for 2 h obtained from PLLA, PDLA, blend of 
PLLA/PDLA and Sc-PLA solutions (inset: spectra in the wavenumber range of 960–880 cm−1)
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at 2θ values of 16.9° and 19.1° were observed, assigning 
to the (200)/(110) and (203) diffraction planes of PLA 
homocrystals [36, 37]. In contrast, the heat-treated Sc-PLA 
electrospun yarn showed a diffraction peak at a 2θ value 
of 12.0°, which is assigned to the (110) plane of PLA ste-
reocomplex crystal [36, 37]. No crystalline peak relating to 
PLA homocrystals appeared for the Sc-PLA sample, which 
supporting the FTIR results.

Mechanical properties

The mechanical behavior of the electrospun fibrous struc-
tures depends on several factors, such as processing condi-
tions, their composition, fiber structure, individual proper-
ties of fiber constituents, and fiber interaction [28, 38, 39]. 
Compared to the fibrous webs, twisted yarns exhibited 
enhanced cohesion and friction between fibers and thus 
showed improved mechanical performance.

The mechanical properties (stress-at-break, Young’s 
modulus, and strain-at-break) of the PLA-based electrospun 
yarns were considered by stress–strain measurements. The 
results are presented in Table 3, and typical stress–strain 
curves are demonstrated in Fig. 6.

This study clearly shows that stereocomplexation process 
significantly affects the mechanical performance of the elec-
trospun yarns. As can be seen, in the case of electrospun 
Sc-PLA yarns, higher mechanical properties were observed 
compared to PLLA, PDLA, or hybrid yarns (Fig. 6). At the 
same condition, the PLLA electrospun yarns had the stress-
at-break and Young’s modulus of 2.66 and 24.68 cN/tex, 
respectively, and strain-at-break of 180%, while, Sc-PLA 
yarns exhibited relatively higher values of stress-at-break 

(3.35 cN/tex), and Young’s modulus (50.08 cN/tex) than 
those of the PLLA and PDLA yarns (Table 3). But, Sc-
PLA electrospun yarns showed lower strain-at-break of 
125%. The formation of stereocomplex crystalline structure 
resulted from the strong interaction between the l-lactide 
acid and the d-lactide acid within the fibers likely led to the 
higher stress-at-break and Young’s modulus for electrospun 
Sc-PLA yarns [18, 40]. These findings are in good agree-
ment with the other research reports [16, 41, 42].

It is reported that diameter of the fibers may influence the 
mechanical properties. Also, the mechanical performance of 
the fibrous materials, in addition to the characteristics of the 
individual fibers, depending on the geometry resulted from 
fiber orientation within the structure, and interaction and 
cohesive forces between fibers [29, 43, 44]. Therefore, the 
increased values of stress-at-break and modulus for fibers 
with decreased diameters can also be due to the higher ori-
entation of the molecular chains in thinner fibers. Moreover, 
fibers with a smaller diameter have a higher surface area to 
volume ratio. More contact area between fibers in the yarn 
structure can result in increased mechanical properties [28, 
29].

Figure 7 shows the fracture morphology of a Sc-PLA 
yarn after being pulled to failure under tension. The plastic 

Fig. 5  WAXD profiles of the electrospun yarns obtained from PLLA, 
PDLA, blend of PLLA/PDLA and Sc-PLA solutions after heat treat-
ment at 80 °C for 2 h

Table 3  Mechanical properties of PLA electrospun yarns

Yarn Sample Stress-at-
break (cN/
tex)

Young’s 
modulus (cN/
tex)

Strain-at-break (%)

PLLA 2.66 ± 0.29 24.68 ± 3.83 180.40 ± 34.03
PDLA 2.54 ± 0.28 27.94 ± 1.52 166.78 ± 21.02
Hybrid PLLA/

PDLA
2.54 ± 0.19 31.93 ± 3.07 143.77 ± 22.40

Sc-PLA 3.35 ± 0.14 50.08 ± 2.86 125.40 ± 16.37

Fig. 6  Stress–strain curves of PLA-based electrospun yarns
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deformation, buckling, and necks are clearly visible in these 
micrographs.

Conclusion

In this work, it was shown that the electrospinning of the ste-
reocomplexed twisted yarns is able to improve the physical 
and mechanical performance of the PLA-based nanofibrous 
structures for their potential applications as medical devices. 
An electrospinning setup equipped with two nozzles was 
applied to produce stereocomplex PLA twisted yarns in a 
continuous process from a blend solution of high molecular 
weight PLLA and PDLA at an equal ratio of 1:1. The charac-
terization observations showed that uniform yarns composed 
of bead-free fibers were obtained, and compared to PLLA or 
PDLA samples, their stereocomplexed fibers and yarns had 
significantly smaller diameters. DSC analysis of the yarns 
revealed that the presence of stereocomplex crystallites in 
the Sc-PLA significantly improved the melting temperature 
by about 56 ° C than the PLA’s homocrystallites. Moreover, 
the formation of stereocomplex crystals and homocrystals 
upon heat treatment were confirmed via FTIR analysis by the 
appearance of the characteristic absorption band at 908 cm−1 
and 921 cm−1, respectively. The WAXD patterns of the heat-
treated electrospun yarns also supported the FTIR results. 
The stereocomplex formation also affected the mechanical 
performance of the electrospun yarns. Compared to the 
PLLA or PDLA samples, the stress-at-break and Young’s 
modulus of electrospun stereocomplex PLA yarns increased, 
while the strain-at-break decreased.
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