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TESTS OF SELECTED MECHANICAL PROPERTIES OF PLA-PLA
TYPE COMPOSITES

This paper presents the results of tests on PLA-based composite materials produced by mixing a base polymer (PLA -
polylactide) with PLA fiber. The main aim was to obtain composites with improved mechanical properties. The tested
materials contained various amounts of filler in the form of continuous fibers and nonwovens. The samples for the tests were
manufactured using the extrusion method. Assessment of their structure and mechanical properties was performed and the
results indicate a two-phase internal structure and the filler impact on the increased strength parameters of the obtained
composite materials. This offers a possible solution to improve the biofunctional properties of such materials in medical
applications.
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BADANIA WYBRANYCH WLASCIWOSCI MECHANICZNYCH
KOMPOZYTOW TYPU PLA-PLA

W pracy przedstawiono wyniki badain materialow kompozytowych na bazie PLA. Kompozyty otrzymywano poprzez
mieszanie bazowego polimeru (PLA) z napelniaczem wloknistym z PLA. Podstawowym celem tych zabiegéw bylo otrzymanie
kompozytéw o podwyzszonych wlasciwosciach mechanicznych. Badane materialy zawieraly rozne ilo$ci napelniaczy w postaci
wlékien ciaglych i wlokniny. Probki do badan otrzymano metoda wytlaczania. Oceniano ich struktur¢ oraz wlasciwosci
mechaniczne. Wyniki badan wskazuja na dwufazowa struktur¢ wewnetrzng oraz wplyw napelniaczy w kierunku
podwyzZszenia parametrow wytrzymalo$ciowych otrzymanych materialow kompozytowych. Stwarza to nadziej¢ na

polepszenie cech biofunkcjonalnych takich materialow w aplikacjach medycznych.

Stowa kluczowe: kompozyty typu PLA-PLA, wytlaczanie, wlasciwo$ci mechaniczne

INTRODUCTION

Polylactide (PLA) is currently one of the most popu-
lar polymers and its possible applications in medicine
are an important direction of research [1, 2]. Interest in
the material can be observed in, among others, tissue
engineering, orthopaedics, surgery, cardiac surgery, and
pharmacology. It has also found use as, for example,
subcutaneous implants, scaffolds, surgical sutures,
stents, drug carriers for controlled release, clamps,
clips, surgical masks, bandages, compresses, clothing
for medical staff, diapers, paper handkerchiefs, or cos-
metic wads [3-5]. PLA has also found widespread use
in industry, e.g. in the agriculture and food industry, or
home appliances [6, 7]. Despite its popularity and
numerous beneficial properties, there are practical prob-
lems with its real-life applications. Among the charac-
teristics described in literature as insufficient, ones that
merit mention are PLA’s load deflection temperature,

strength properties, resilience, barrier properties, sensi-
tivity to moisture, rapid physical aging, or brittleness
[8]. The issues of the technological usability of PLA are
mainly connected with its mechanical properties [9]. As
far as bioengineering applications are concerned,
despite the fact that PLA could possibly be used as
a resorbable biomaterial, its mechanical properties are
insufficient for this purpose. Literature data [10-12]
show that the values of Young’s modulus for the mate-
rial are within the range of 2+4 GPa, its tensile strength
can reach 60 MPa, while deformation at break is 1+7%.
In addition, some of its configurations behave like vit-
reous and brittle materials, which is exacerbated by the
fact that its strength properties are further reduced
during decomposition.

For the reasons mentioned above, the possibilities of
improving PLA’s biofunctional characteristics are
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a focus of research in medical applications. As far as
the general applications of composite materials of this
type are concerned, their mechanical properties are
commonly improved through the addition of a powder
filler in the form of wood flour, chalk, mica, cellulose,
starch, etc. However, in the case of bioengineering
applications, especially bioresorbable implants, it is
required that after a certain time the biometal should be
absorbed without causing harm to the body. This im-
poses high requirements for the biofunctional character-
istics of such biomaterials.

Literature reports concerning the production of
PLA-based mixtures [13-15] contain descriptions point-
ing to the appearance of two-phase structures, or prob-
lems connected with miscibility of the ingredients or its
complete absence. Generally however, the presented
test results may indicate directions for research into
optimal solutions for PLA-based composites.

Considering the aforementioned issues, this study is
an attempt to produce a PLA-PLA composite of
increased mechanical properties in comparison with
base PLA. In order to achieve this goal, the conven-
tional extrusion technique for thermoplastics was used.
An additional technological problem was the fact that
the processed material ranges of processing tempera-
tures were similar to those of the polymer base and the
filler.

RESEARCH MATERIALS AND METHODOLOGY

Materials

The materials used for the tests were 3052D type
PLA pellets by NatureWorks and fibrous PLA struc-
tures. Materials in the following forms were used as
fibrous filler (Fig. 1): fleece (R), tape (T), and cut fiber
(C). The filler samples were obtained from the Faculty
of Material Technologies and Textile Design of Lodz
University of Technology.

The composites were produced by extruding a mix-
ture of pellets and fibrous filler. Before commencing
the extrusion process, the pellets and filler were condi-
tioned in laboratory conditions (at temperature of 40°C,
laboratory dryer) for a period of 24 hours. The form of
the obtained filler required it to be shredded into the
form of shavings of several millimeters to facilitate
processing. Due to the fact that, as is commonly known,
using a popular fibrous filler improves the mechanical
properties of plastic elements, it was assumed that pro-
vided that producing a material according to the chosen
methodology was at all possible, then this would most
probably lead to improvement of the mechanical prop-
erties. In this context, the key problem was to produce
the designed material. It was expected that after this
obstacle was overcome, tests leading to achieving the
best properties could be performed, with the use of
a fiber with varied mechanical characteristics. For this
reason, a description of the mechanical properties of the
used fibers was omitted at this stage.

b)

c)

Fig. 1. View of filler used for tests: a) fleece, b) tape, c) cut fiber

Rys. 1. Widok wypetniaczy wykorzystanych do badan: a) runo, b) tasma,
¢) wldkno ciete

Research methodology

The extrusion process was carried out by means of
an EHP25Eline laboratory extruder (L/D = 25 ratio).
During the extrusion process, the temperatures of the
cooking zones of the extruder cylinder and the rota-
tional speed of the screw were controlled. The tempera-
tures of the cooking zones of the cylinder and the head
were adjusted within the range of 140+155°C, the rota-
tional speed of the screw was approx. 10 rpm, i.e. 5% of
its maximum value. The low feed rate of the material in
the extruder cylinder ensured a longer time for a better
yield. At the same time, the time the material stayed in
the extruder cylinder (approx. 3+4 min) was too short
for significant processes of temperature degradation to
occur. This had an indirect impact on the alloy pressure
in the extrusion head. Due to the fact that two materials
with similar plastification temperatures were extruded,
it was expected that full plastification and a homoge-
nous mix of the components would take place during
extrusion. For this reason, the tests did not determine
the proportional contents of the base polymer and the
filler. It was assumed that the maximum filler content
may be 50% and the mixtures were prepared accord-
ingly. Moreover, the point was not to assess the impact
of the amount of filler on changes in the mechanical
properties of the composite, but rather to verify whether
it was possible to produce a composite from two mate-
rials of the same kind with similar plastification tem-
peratures (without additional fiber processing modifi-
cation). For this reason, the focus was on finding
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a configuration of parameters that would make it possi-
ble to obtain a two-phase structure, understood as
a clear separation between the polymer base and the
filler. It was expected that in the event of success, the
probable effect would be obtaining a new material with
more beneficial mechanical properties than the base
material. Owing to the compatibility of the mixed mate-
rials, the process of fiber preparation was omitted.
Moreover, no other modifiers nor special methods of
filler preparation were used.

In order to assess the internal structure of the
obtained samples, tests were performed that consisted
in extruding two thin strips of base PLA (a thickness of
approx. 4 mm), which were then cut off from the extru-
sion head and air cooled. A filler sample in the form of
a single 20 mm x 80 mm strip was then inserted
between the strips (this is hitherto defined as the inter-
lay method). A three-layer structure thus prepared was
then formed by means of a hydraulic press (a pressure
of 2 kN for 30 s) in a special mold. An element with an
external wall thickness of approx. 2 mm was obtained
in this manner. External visual examination allowed the
authors to directly assess whether filler was present
between the transparent PLA layers. The tests were
continued until a two-phase structure was obtained,
with the fibers clearly visible. The temperature of the
cooled PLA strips was assessed using a thermal imag-
ing camera, which allowed the authors to pre-determine
the range of temperatures that would make it possible to
obtain the expected material. The authors obviously
knew the temperatures of the physical states of the
mixed materials. The aim of the test, however, was to

b)

assess the behavior of materials in conditions approxi-
mating real, complex processing and to produce sam-
ples of composites by means of the interlay method.
These tests enabled the authors to determine the actual
temperature increases resulting from, for instance, the
processes of friction in the extruder cylinder. After
determining the temperatures at which the fibers em-
bedded in the matrix become clearly visible, samples
were produced using the interlay method as well as by
mixing pellets and filler in the traditional manner, and
then the extrusion process was carried out.

After producing the target materials, microscopic
observations of fractures and cross-sections were per-
formed (in order to confirm the presence of PLA fibers)
using an OLYMPUS Lext OLS 4000 confocal micro-
scope. Before commencing the microscopic observa-
tions, the samples were subjected to cutting, grinding
and polishing with the use of traditional polishing
grinders. In order to assess the mechanical properties of
the obtained composites, tensile testing was carried out
on a Zwick Roell Z010 universal testing machine, pur-
suant to DIN EN ISO 527-1 and DIN EN ISO 527-4. It
should be added that the authors are aware of the fact
that the performed tests are only an initial assessment of
the mechanical properties of the produced samples, and
more comprehensive tests are required in order to per-
form a full analysis and draw detailed conclusions.

RESEARCH RESULTS

Figure 2 shows selected results of microscopic
observations of the prepared composite samples.

Fig. 2. Results of microscopic observations: a) fibers embedded in matrix (brittle fracture); b), ¢), d) cross-sections of samples obtained using interlay
method; e), f) cross-sections of samples obtained using traditional method

Rys. 2. Wyniki obserwacji mikroskopowych: a) wiokna zatopione w osnowie (kruchy przetom); b), c), d) przekroje poprzeczne probek otrzymanych
metoda przektadania; e), f) przekroje poprzeczne probek otrzymanych metoda tradycyjna
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Figure 2a shows fibers embedded in the matrix.
Figures 2b-d are photographs of cross-sections of
a sample obtained with the use of the interlay method.
The densification of fibers and their orientation in the
same direction result from their arrangement between
layers of PLA strips. In the center of the photographs
(Figs. 2b-d), round shapes of diagonally cut fibers can
clearly be seen. This indicates the possibility of forming
a composite from materials with similar plastification
temperatures. This result allowed the authors to carry
out the next stage of tests, whose goal was to produce
composites in the traditional manner. Figures 2 e, f
show cross-sections of samples produced in the tradi-
tional manner, where transverse cross-sections of fibers
distributed throughout the sample can clearly be seen.
The orientation of fibers in the same direction is the
result of travelling through the cylinder and the process
of material extrusion through the opening in the boring
head. Dispersion throughout the whole volume indi-
cates a fairly high heterogeneity of material, however,
greater clusters of fibers were observed locally. These
observations constituted the final proof that producing
composites of this type is indeed possible. With this in
mind, composite sample sets with fibers described as R,
T, and C were prepared, then the samples were prepared
for tensile testing by being subjected to machining.

Figure 3 shows selected results of the tests of
mechanical properties of the prepared composites.
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Fig. 3. Values of tensile strength for tested composites: a) obtained using
interlay method, b) obtained using traditional method

Rys. 3. Wartosci wytrzymatosci na rozciaganie dla badanych kompo-
zytow: a) otrzymanych metoda przektadania, b) otrzymanych
metoda tradycyjna

Figure 3a compiles the results obtained for the inter-
lay method. An overall increase in tensile strength for
the PLA+R and PLA+C composites can be observed. In
the case of the PLA+T composite, however, there is
a less beneficial influence of filler on the R, value. This
occurred because two PLA layers with filler between
them were in some cases torn (Fig. 4) as a result of the
alloy temperature being too low for precise connection
between the two agglutinated layers to be made, or too
great a filler thickness. This phenomenon was observed
regardless of the form of filler.

Fig. 4. Two separated composite layers: 1 - filler (fleece), 2 - PLA strips

Rys. 4. Oddzielone dwie warstwy kompozytu: 1 - wypelniacz (runo),
2 - paski PLA

Problems of this kind were not present in the case of
the samples produced in the traditional manner. Figure
3b shows the values of tensile strength for the samples
obtained with the use of the traditional method. The
data show a clear beneficial influence of the used fibers
on the R, values. Figure 5 compiles the R, values for
the prepared composites.
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Fig. 5. Values of tensile strength: a) for composites obtained using:
traditional method - C+W, and interlay method - C+WW, b) for
each prepared composite depending on filler form

Rys. 5. Wartosci wytrzymalosci na rozcigganie: a) dla kompozytow
otrzymywanych metoda tradycyjna - C+W oraz metoda prze-
ktadania - C+WW, b) dla wszystkich przygotowanych kom-
pozytow w zaleznosci od postaci wypetniacza
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Figure 5a pertains to the composites obtained with
the traditional method (C+W), and those obtained with
the interlay method (C+WW). The presented test results
(Fig. 5a) aim at showing that the produced materials,
regardless of the method of preparation, are character-
ized by an increased tensile strength in comparison with
pure PLA.

Furthermore, the obtained results allow the conclu-
sion to be drawn that the traditional method yields
better results than the interlay method as far as the R,
values are concerned. Figure 5b illustrates the influence
of the form of filler on the R, values. These results
show that fleece produces the most beneficial results for
tensile strength.

In conclusion, it should be reiterated that the
methodology presented in the paper and the obtained
materials constitute only an initial attempt at producing
composites of the kind in question. The presented test
results are a pilot evaluation of the mechanical proper-
ties of the tested samples. For a full assessment of their
functional quality and full substantial inference, more
comprehensive tests should be carried out.

SUMMARY AND CONCLUSIONS

The paper presents the methodology for producing
PLA-based composite materials with the use of PLA
fibers. A laboratory extruder was used in order to plas-
tify PLA and two methods were tested, i.e. the method
defined as the interlay method, and the conventional
extrusion of a pellet and fiber mixture. Problems arising
from the similar ranges of plastification temperatures
for the base material and the filler were also indicated.
On the basis of the performed tests and their analysis,
the following general conclusions were formulated: It is
possible to produce composites from polymers with
similar ranges of plastification temperatures (PLA-PLA
type), without additional modifiers or fiber preparation.
Processing temperatures can be adjusted in such a way
as to obtain a two-phase structure, understood as
a structure with a clear distinction between the matrix
and the filler, without additional processing or modi-
fiers.

- The composites produced with the interlay method
were characterized by less stable mechanical proper-
ties than the composites produced in the traditional
manner.

- The tests of the mechanical properties show an
increase in tensile strength for the prepared compos-
ites in comparison with samples produced from the
base material. Obviously, this does not mean that the
overall performance of such a type of materials is
improved, at this stage, however, the focus was solely
on R, assessment. An increase in tensile strength is
one of the characteristics that determines the usability
of PLA in bioengineering and owing to the improved
mechanical properties of PLA through the use of
a bioresorbable and biocompatible filler, a possibility
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for the use of materials of the type in question in

medical applications is created.
- Among the tested fiber structures, the most beneficial
mechanical properties were obtained for the filler
marked as R (fleece). This corroborates the commonly
held theory that the form of filler, provided that the
material is identical, has an influence on the mechani-
cal properties of the produced composite.
The results presented in this paper and the composite
production methodology are but an initial attempt at
assessing the usability of same type materials (bio-
compatible, bioresorbable, with similar processing
temperatures) for producing PLA-PLA type compos-
ites on an industrial scale. Elaboration of the subject
matter is planned in order to develop a technological
process for the industry.

Acknowledgments

Special thanks to Kamil Sochon. This research was
financed from funds assigned for W/WM/1/14 statutory
activity.

REFERENCES

[1] Aghjeh M.R., Nazari M., Khonakdar H.A., Jafari S.H.,
Wagenknecht U., Heinrich G., In depth analysis of micro-
mechanism of mechanical property alternations in
PLA/EVA/clay nanocomposites: A combined theoretical
and experimental approach, Materials and Design 2015, 88,
1277-1289.

[2] Wang L., Wang Y.-N., Huang Z.-G., Weng Y.-X., Heat
resistance, crystallization behavior, and mechanical proper-
ties of polylactide/nucleating agent composites, Materials
and Design 2015, 66, 7-15.

[3] Kamieniarz K., Nawrot R., Grajek K., Gozdzicka-Joze-
fiak A., Biotechnologia w medycynie regeneracyjnej i re-
produkcyjnej, Biotechnologia 2006, 2(73), 31-48.

[4] Malinowski R., Biotworzywa jako nowe materialy przyjazne
srodowisku naturalnemu, Inzynieria i Ochrona Srodowiska
2015, 18, 2, 215-231.

[5] Mucha M., Michalak I., Tylman M., Hybrid polylactide
composites for medical applications, Przemyst Chemiczny
2013, 92, 11, 2006-2009.

[6] Imre B., Renner K., Pukanszky B., Interactions, structure
and properties in poly(lactic acid)/thermoplastic polymer
blends, Express Polym. Lett. 2014, 8.

[7] Manshor M., Anuar H., Aimi M.N., Fitrie M.A., Nazri
W.W., Sapuan S. et al., Mechanical, thermal and morpho-
logical properties of durian skin fiber reinforced PLA bio-
composites, Materials and Design 2014, 59, 279-286.

[8] Dorigato A., Sebastiani M., Pegoretti A., Fambri L., Effect
of silica nanoparticles on the mechanical performances of
poly(lactic acid), J. Polym. Environ. 2012, 20, 713-725.

[9] Shukor F., Hassan A., Islam M.S., Mokhtar M., Hasan M.,
Effect of ammonium polyphosphate on flame retardancy,
thermal stability and mechanical properties of alkali treated
kenaf fiber filled PLA biocomposites, Materials and Design
2014, 54, 425-429.

[10] Akhlaghi S., Sharif A., Kalaee M., Elahi A., Pirzadeh M.,
Mazinani S. et al., Effect of stabilizer on the mechanical,
morphological and thermal properties of compatibilized high
density polyethylene/ethylene vinyl acetate copoly-



Tests of selected mechanical properties of PLA-PLA type composites 89

mer/organoclay nanocomposites, Materials and Design  [13] Cha Y., Pitt C.G., The biodegradability of polyester blends,

2012, 33, 273-283. Biomaterials 1990, 11, 108-112.

[11] Nofar M., Maani A., Sojoudi H., Heuzey M., Carreau P,  [14] Tan L.P., Hidayat A., Lao L.L., Quah L.F., Release of hy-
Interfacial and rheological properties of PLA/PBAT drophlllc drug from.blodegradable polymer blends, Journal
and PLA/PBSA blends and their morphological stability cl)ggl?l(fg;azterlals Science, Polymer Edition 2009, 20, 10,
under shear ﬂlow, ,J' Rheoll..2015, 59’,3 17-333. . [15] Carmagnola I., Nardo T., Gentile P., Tonda-Turo C., Mattu C.,

[12] Nuzzo A., Bilotti E., Peijs T., Acierno D., Filippone G., Cabodi S., Defilippi P., Chiono V. Poly(lactic acid)-based
Nanopartlcle-mduged co-continuity in immiscible polymer blends with tailored physicochemical properties for tissue
blends-a comparative study on bio-based PLA-PAI1 blends engineering applications: a case study, International Journal
filled with organoclay, sepiolite, and carbon nanotubes, of Polymeric Materials and Polymeric Biomaterials 2014,
Polymer 2014, 55, 4908-4919. 64, 90-98.

Composites Theory and Practice 16: 2 (2016) All rights reserved



