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Abstract—A method for preparing laboratory samples of fibers from glycolide-co-D,L-lactide to produce
bioresorbing suture filaments with a controlled complex of properties is developed. The morphology of fibers
obtained through melt spinning is studied. The peculiarities of the mechanical properties of fibers are inves-
tigated.
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INTRODUCTION
Polymers and copolymers based on glycolic and

lactic acids exhibit some valuable properties, such as
biocompatibility and biodegradability, which allows
one to predict their wide application in medicine.
From these polymers, suture filaments, films of differ-
ent functional purposes, plates, fasteners for trauma-
tology and orthopedics, and also drugs of prolonged
action may be obtained [1–5]. The assortment of such
products is growing every year.

Polyglycolide (PGA) has received rather wide
acceptance as a suture material. The main advantages
of PGA-based suture filaments are high strength
approaching the value for polyester fibers and the con-
venience in use and in sterilization [6, 7]. An essential
advantage of the aforementioned suture filaments
compared to bioresorbing materials of natural origin,
for example, surgical catgut, is also the retention of
strength for a longer critical period of time of wound
healing (7–11 days) [6]. Moreover, on biodegradation
of PGA suture material, no immune reaction of the
body is observed, since glycolic acid formed as a result
of the polymer degradation is already present in the
human body and participates in the natural metabo-
lism [7, 8].

However, the suture materials from PGA have a
significant disadvantage, namely, a low elasticity. In
the form of monofilament, it can be used only as
small-diameter (15–25 μm) products, mainly, in oph-

thalmology and microsurgery [9]. Thus, to enhance
the elasticity of polyglycolide suture filaments and to
increase their resolution time in a living organism, the
suture materials are made predominantly from lactic
acid–glycolic acid copolymer [10]. By varying the
chemical composition, molecular mass (MM), and
morphology of copolymer, the mechanical properties
of the material, its solubility, and the biodegradation
time can be controlled [11, 12]. All this in combination
with low toxicity, perfect biocompatibility, and bioin-
ertness makes the lactic acid–glycolic acid copolymer
a promising material for suture filaments.

The aim of this work was to develop a method for
producing laboratory samples of filaments prepared
from glycolide–D,L-lactide copolymer and to study
their structure as well as stress–strain properties.

MATERIALS AND METHODS 
OF INVESTIGATION

As the object of investigation, glycolide-D,L-lac-
tide copolymer with molar ratio PGA : PLA = 90 : 10
was used. The copolymer was synthesized in the Lab-
oratory of Polymer Materials of the Kurchatov Com-
plex of NBICS Technologies (National Research
Center Kurchatov Institute). Glycolide and D,L-lac-
tide (Corbion, Netherlands) were used without further
purification. To a monomer mixture, a solution of tin
octanoate in hexane (Aldrich, USA) was added, fol-
lowed by removal of organic solvent under reduced
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pressure. The catalyst concentration in the reaction
mixture was equal to 200 ppm. As a reactor, a Ceast
Smart Rheo 2000 capillary viscometer (Italy) was
employed. The polymerization was carried out at
180°С for 3 h. Unreacted polymer was eliminated
under vacuum at 200°С for 5 h.

The temperature–time parameters of processing of
PGA–PLA copolymer were chosen with the use of
thermal and rheological analyses.

The thermal analysis of copolymer was performed
by the TGA and DSC methods. The TGA measure-
ments were carried out on a Netzsch TG 209 F1 Iris
analyzer (Germany) in an inert medium in the tem-
perature range of 30–600°C at the heating rate of
10 K/min.

The DSC analysis of copolymer was also per-
formed in an inert medium on a Netzsch DSC 204 F1
Phoenix analyzer (temperature range of −80 to
+280°C, heating rate of 10 K/min).

The DSC method was used to determine the glass
transition temperature, melting temperature, and
crystallization temperature of copolymer, with the
glass transition temperature measured at the second
scanning of the sample.

The rheological study of copolymer was performed
on a Physica MCR-301 rheometer (Anton Paar,
Austria), with a cone–plane metering unit (25 mm in
diameter, angle of 2°). The temperature range of tests
was chosen on the basis of the data of TGA and DSC.

PGA–PLA fiber forming was carried out on a
DSM Xplore 5 mL Microcompounder double-screw
microextruder (DSM Xplore, Netherlands) at the
screw rate of 50 min–1, in the range of 210–215°C. At
the output from a jet 1 mm in diameter after mixing,
the copolymer melt was cooled by a compressed air jet
and supplied to intake reels placed at the distance of

260 mm from the jet and rotating at the rate of 20 min‒1.
Jet stretching was as high as 600%.

The mechanical characteristics of PGA–PLA
copolymer fibers prepared from melt were studied on
an Instron 5943 tensile test machine. The sample base
length was 30 mm and the draw speed was as high as
10 mm/min. From stress-strain diagrams of fiber sam-
ples, their strength σb, elastic modulus Е0, yield
strength σy, and elongation at break εb were deter-
mined.

SEM images of the cryocleavage surface of biore-
sorbing fibers were recorded on a Carl Zeiss Supra-55
scanning electron microscope (Germany).

X-ray patterns of the samples under investigation
were recorded on a DRON-1 X-ray diffractometer
(CuK2 radiation, with a slit collimation). Two slits at
the output of the X-ray tube were set up normal to
each other; thus, the section of the primary beam was
20 × 20 μm. The sample and a RT-1 X-ray cassette
were placed 30 mm apart. The exposure was carried
out in a vacuum chamber to reduce the intensity of
X-ray scattering in air. The exposure time was 3 h for
the PGA–PLA fibers 350 μm thick.

RESULTS AND DISCUSSION
A comprehensive study with the use of TGA, DSC,

and rheological analysis making it possible to deter-
mine the temperature–time parameters of melt pro-
cessing of PGA–PLA copolymer was carried out. Fig-
ure 1 shows TGA and DSC curves for the initial
PGA–PLA granules.

It follows from Fig. 1a that the PGA–PLA copoly-
mer is stable up to 240°С. A further increase in tem-
perature results in thermal degradation of polymer
with the successive loss of the sample mass. The relax-

Fig. 1. TGA (a) and DSC (b) curves for PGA–PLA copolymer. (b) (1) Glass transition region, (2, 3) crystallization and melting
peaks, respectively; (I) first scanning, (II) second scanning.
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ation and phase transitions occurring in the copolymer
on heating were studied by the DSC method. As can
be seen from Fig. 1b, the DSC curve exhibits an
inflection at 40°C and two pronounced peaks: an exo
peak at 125°С and an endo peak at 205°С. A jump in
the heat capacity (inflection) at 40°С is related to glass
transition temperature Tg of copolymer. The exo peak
at 125°С reflects the additional crystallization of the
initial sample caused by an increase in temperature.
The endo peak at 205°С is related to the melting tem-
perature of PGA–PLA copolymer, which is in accor-
dance with the published data [11–14].

The development of the method of fiber melt spin-
ning requires the available information on the stability
of the fiber rheological characteristics in time.
Figure 2 shows the viscosity of PGA–PLA copolymer
melt depending on the residence time at 220°С in air.
It is evident that, within the first five minutes of the
experiment, the copolymer viscosity decreased by
30%, but a value (around 100 Pa s) sufficient for car-

rying out the fiber melt spinning on a laboratory
microextruder was retained. Thus, the residence time
of melt in the extruder chamber should not exceed
10 min, and the recommended temperatures of lactic
acid–glycolic acid copolymer processing are in the
range of 210–215°C.

Further melt spinning of PGA–PLA fibers was
carried out on a double-screw microextruder with
regard to the set temperature–time parameters of
material processing.

The structure of the resulting fibers was studied
with the use of scanning electron microscopy, DSC,
and X-ray diffraction analysis. The DSC thermogram
(Fig. 3, curve 1) for formed fiber displays an exo max-
imum in the range of 100–120°C, which was also
observed for the initial granules (see Fig. 2b, the first
scanning). Thus, it may be assumed that the afore-
mentioned maximum is indicative of the additional
crystallization of fiber on its heating in the course of
the experiment and, hence, of incomplete crystalliza-
tion during processing in the microextruder. The endo
peak on the DSC curve (Fig. 3, curve 1) coincides by
temperature and heat absorption with the analogous
peak for the PGA–PLA initial granules (see Fig. 1b).
For fibers, as for granules, the above peak is due to
melting of the copolymer crystallites.

To provide the complete crystallization of PGA–
PLA fibers prepared on the microextruder, they were
subjected to isothermal annealing at 120°C for 10 min.
Figures 3 and 4 present the data of DSC and X-ray dif-
fraction analysis, respectively, for such “overcrystal-
lized” samples. On the DSC curve for this sample
(Fig. 3, curve 2), the crystallization peak is absent
unlike curve 1 for the initially formed fiber. As is seen
from X-ray patterns (Fig. 4), the reflexes in the ini-
tially formed fiber are blurred along the circle, and for
an annealed sample, intense and narrow reflexes are
observed. The latter fact is indicative of the presence of

Fig. 2. Time dependence of viscosity of PGA–PLA copo-
lymer melt at 220°С on testing in air.
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rather large regions of coherent scattering formed by
crystallites with the isotropic arrangement.

The size of crystalline regions of sample of crystal-
lized PGA–PLA copolymer was more thoroughly
determined with the use of electron microscopy. Fig-
ure 5 shows the SEM image of the surface of transverse
cryocleavage of crystallized PGA–PLA fiber. As can
be seen, the copolymer structure involves spherulites
with the average size of 3–5 μm formed in the course
of the isothermal annealing.

The mechanical behavior of the PGA–PLA ini-
tially formed fiber and crystallized fiber was analyzed
at uniaxial stretching. Figure 6 shows the obtained
stress-strain diagrams. As the formed fiber had elon-
gation at break above 100% compared to several per-
cent for crystallized fiber, for reference, the initial por-

tions of diagrams with elongation up to 10% are pre-
sented in Fig. 6.

The main mechanical characteristics determined
from the stress-strain diagrams are given in the table.

It can be seen from Fig. 6 and the table that the ten-
sile strength and elastic modulus of fibers increase
with the content of crystalline phase in fiber. Thus, for
the initial fiber, the strength is 45 МPа and the elastic
modulus is as high as 3 GPа, whereas for the crystal-
lized sample, σb = 80 МPа and Е0 = 4.5 GPа. How-
ever, it should be noted that the fiber elasticity
decreases significantly with the increase in crystallin-
ity; namely, the deformations at break for the initially
formed and crystallized fibers are 140% and less than
10%, respectively. The determined stress-strain char-
acteristics of PGA–PLA fibers correspond to the pub-
lished data for the class of biodegradable polymers

Fig. 4. X-ray patterns of the initially formed PGA–PLA fiber (а) and crystallized fiber (b). The direction of fiber extrusion is
shown by arrow.
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Fig. 5. SEM image of the surface of transverse cryocleav-
age of crystallized PGA–PLA fiber.
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Fig. 6. Stress-strain diagrams of (1) crystallized and (2)
initial PGA–PLA copolymer fibers.
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under investigation [15, 16]. Note that the elongation
of the initial sample is sufficient for further high-tem-
perature orientation stretching for the purpose of sam-
ple strengthening.

CONCLUSIONS

Thus, in this work, the peculiarities of the melt pro-
cessing technology of bioresorbing copolymer based
on lactic and glycolic acids with the content of poly-
lactide of 10% were revealed. The morphology of fiber
prepared by melt extrusion was studied. The features
of the mechanical properties of PGA–PLA fibers were
determined. It was shown that the elongation of the
initial fiber prepared by melt extrusion is sufficient to
perform further high-temperature orientation stretch-
ing for the purpose of producing bioresorbing suture
materials with controlled characteristics.
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Mechanical properties of PGA–PLA copolymer fibers

Fiber σy, МPа σb, МPа Е0, GPа εb, %

Initial 62 ± 6 45 ± 5 3.1 ± 0.4 137 ± 12
Crystallized 91 ± 9 80 ± 9 4.5 ± 0.4 7 ± 1
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